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BEGKHOFF Product overview measurement technology terminals

1 Product overview measurement technology
terminals

The following EtherCAT terminals were described within this documentation:

Voltage measurement

ELM3002-0000 [» 28] (2-channel analog input £30 V...£20 mV, 24 bit, 20 ksps)

» ELM3002-0030 / 000079851 [»_28] (ELM3002-0000 with external calibration certificate, type ISO
17025, external service providers)

+ ELM3002-0030 / 000079901 [»_28] (ELM3002-0000 with external calibration certificate, type DAKkS,
external service providers)

ELM3002-0205 [» 57] (2-channel analog input, +60 V...£1200 V, 24 bit, 50 ksps, electrically isolated, 4 mm
socket)

ELM3004-0000 [» 28] (4-channel analog input £30 V...+20 mV, 24 bit, 10 ksps)

« ELM3004-0030 / 000079852 [» 28] (ELM3004-0000 with external calibration certificate, type ISO
17025, external service providers)

+ ELM3004-0030 / 000079853 [» 28] (ELM3004-0000 with external calibration certificate, type DAKKS,
external service providers)

Current measurement

ELM3102-0000 [»_74] (2-channel analog input -20/0/+4...+20 mA, 24 bit, 20 ksps)

« ELM3102-0030 / 000336124 [»_74] (ELM3102-0000 with external calibration certificate, type ISO
17025, external service providers)

+ ELM3102-0030 / 000336125 [»_74] (ELM3102-0000 with external calibration certificate, type DAKKS,
external service providers)

ELM3104-0000 [»_74] (4-channel analog input -20/0/+4...+20 mA, 24 bit, 10 ksps)

» ELM3104-0020 [»_74] (ELM3104-0000, factory calibrated)

+ ELM3104-0030 / 000337409 [»_74] (ELM3104-0000 with external calibration certificate, type ISO
17025, external service providers)

+ ELM3104-0030 /000337410 [»_74] (ELM3104-0000 with external calibration certificate, type DAKKS,
external service providers)

Voltage-/current measurement

ELM3102-0100 [»_84] (2-channel analog input, multi-function, +60 V, £20 mA, 24 bit, 20 ksps, electrically
isolated)

» ELM3102-0120 [»_84] (ELM3102-0100, factory calibrated)

+ ELM3102-0130 /000336126 [»_84] (ELM3102-0100 with external calibration certificate, type ISO
17025, external service providers)

+ ELM3102-0130 / 000336127 [»_84] (ELM3102-0100 with external calibration certificate, type DAkkS,
external service providers)

ELM3142-0000 [r_114] (2-channel analog input, multi-function, £10...£1.25 V, £20 mA, 24 bit, 1 ksps,
push-in, service plug 4-pin)

ELM3144-0000 [»_114] (4-channel analog input, multi-function, £10...£1.25 V, £20 mA, 24 bit, 1 ksps,
push-in, service plug 4-pin)

ELM3146-0000 [»_114] (6-channel analog input, multi-function, £10...£1.25 V, £20 mA, 24 bit, 1 ksps,
push-in, service plug 6-pin)
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ELM3148-0000 [»_114] (8-channel analog input, multi-function, £10...£1.25 V, £20 mA, 24 bit, 1 ksps,
push-in, service plug 6-pin)

Temperature, Thermocouple

ELM3344-0000 [»_140] (4-channel analog input, temperature, thermocouple, 24 bit, high-precision, 1 ksps,
push-in, service plug 6-pin)

ELM3348-0000 [r_140] (8-channel analog input, temperature, thermocouple, 24 bit, high-precision, 1 ksps,
push-in, service plug 6-pin)

ELM3344-0003 [r_140] (4-channel analog input, temperature, thermocouple, 24 bit, high-precision, 1 ksps,
Mini-TC universal)

ELM3348-0003 [»_140] (8-channel analog input, temperature, thermocouple, 24 bit, high-precision, 1 ksps,
Mini-TC universal)

Measuring bridge/ SG measurement

ELM3502-0000 [r_198] (2-channel analog input, measuring bridge, full/half/quarter bridge, 24 bit, 20 ksps)

ELM3504-0000 [»_198] (4-channel analog input, measuring bridge, full/half/quarter, 24 bit, 10 ksps)

+ ELM3504-0030 / 000062615 [»_198] (ELM3504-0000 with external calibration certificate, type 1ISO
17025, external service providers)

ELM3542-0000 [r 238] (2-channel analog input, measuring bridge, full/half/quarter, 24 bit, 1 ksps, TEDS)

ELM3544-0000 [r 238] (4-channel analog input, measuring bridge, full/half/quarter, 24 bit, 1 ksps)

IEPE/ Acceleration measurement

ELM3602-0000 [» 243] (2-channel analog input, IEPE/accelerometer, 24 bit, 50 ksps, push-in, service plug
2-pin)

ELM3602-0002 [»_243] (2-channel analog input, IEPE/accelerometer, 24 bit, 50 ksps, BNC)

ELM3604-0000 [»_243] (4-channel analog input, IEPE/accelerometer, 24 bit, 20 ksps, push-in, service plug
2-pin)

ELM3604-0002 [r 243] (4-channel analog input, IEPE/accelerometer, 24 bit, 20 ksps, BNC)

Multi-function

ELM3702-0000 [r 281] (2-channel-analog input, multi-function, 24 bit, 10 ksps)

ELM3704-0001 [»_281] (4-channel-analog input, multi-function, 24 bit, 10 ksps, LEMO)

ELM3704-0000 [» 281] (4-channel-analog input, multi-function, 24 bit, 10 ksps)

ELM3704-0020 [»_281] (4-channel-analog input, multi-function, 24 bit, 10 ksps, factory calibrated)

ELM3702-0101 [»_440] (2-channel-analog input, multi-function, 24 bit, 10 ksps, electrically isolated, LEMO)

ELM3704-1001 [r_281] (4-channel-analog input, multi-function, 24 bit, 10 ksps, push-in, service plug 6-pin)

4 Version: 2.18 ELM3xxx



BEGKHOFF Table of contents

Table of contents

1 Product overview measurement technology terminals..........ccccociiiiiiniiicr e 3
72 o1 =T o 9
2.1 Notes on the dOCUMENTALION ......oiii i e e e e e e e e e e s eeeeeaeaeens 9
2.2 Safety INSITUCHIONS ...ttt e e e e e e e e e e e eeeeeaaeeas 10
2.3 Documentation iSSUE STATUS ......ooiiiiiiie e 11
2.4 Guide through dOCUMENTATION .......couiiiiii et e e es 12
2.5 Version identification of EthEerCAT AEVICES .....cciiuiiiiiiiiiiiiii et 12
2.5.1 General NOtES ON MAMKING .....oiiiiiiiii e 12

252 Version identification of ELM terminals .............ooooii e 13

253 Beckhoff Identification Code (BIC) .........ooiiiiiiiiiiiiiiee e 13

254 Electronic access to the BIC (€BIC).......oouuiiiiiiiiieee e 15

255 BIC Within COE Of ELIM3XXX ...uvviiiiiiiiiiiee e ettt e e s sttt e e et ee e e sttt e e e s st e e e e snstaeeeesaneneaaeans 18

3 ProdUCE OVEIVIEW ......coiiiiiieccer e e s e e e e e s s s men e e e e e e e e e s e e mmmme e ee e e e e e essan s snnnnnnnneeenens 19
Tt B B 1= Yo7 o] 1 0] o IO ST PPPPPPPPPIPN 19
3.2 Process data interpretation ... e 22
3.3 General Information on Measuring Accuracy/Measurement Uncertainty...........ccccccvviiiiiinniinnen, 23
R I 1 100 SO PP 28
3.41 ELMBO00X = INTrOAUCHION ...ttt e e e e e e e e eneeeaaaaeeas 28

3.4.2 ELM300X - Technical data .........oooiiiieieeeii e e 29

3.5 ELM3002-0205......ceeiieiiiiiiee ettt ettt ettt e e e et e e e et e e e e e hat et e e e e e bt e e e e nn et e aeaanatteaeaannaneeas 57
3.5.1 ELM3002-0205 — INtrOAUCHION .....ceiiiieeee ettt e e e e e e e e e e e e 57

3.5.2 ELM3002-0205 — Safety iNStruCtiONS .........eiiiiiiiieec e 59

3.5.3 ELM3002-0205 - Technical data...........coocuiiiiiiiiiiee et 61

G I = I Y i 0 ) PSSO RRRSPPP 74
3.6.1 ELMSBT0X - INtrOAUCHION ... e e e e e 74

3.6.2 ELM310x - Technical data .........cooiiiiiiiiiiiiie e 75

R A = I Y B 0 22 O PSSP 84
3.71 ELMS3102-01X0 - INtrOAUCHION .....eeeeeiieieee et 84

3.7.2 ELM3102-01x0 - Technical data ...........ccccuiiiiiiiiiie et 85

RS = I I i 75 SRRSO 114
3.8.1 ELMSBT4X - INtrOAUCTION ...t e e 114

3.8.2 ELM314X - TeChNICal data .......eeeiiiiiiieieei e 115

B =l I I 1 5 RS TTPRR 140
3.9.1 ELM334X — INFOAUCTION ..ottt e et e e e ettt e e e e e enneeeeeeanns 140

3.9.2 ELM334x - TeChnical data ........eoeiiiiiieiii e 142

B Tt O T I 1 1) G SRS RRR 198
3.10.1  ELMB50X - INTrOAUCHION ...ttt e e e e e e e e eeeeeaeee e s 198
3.10.2  ELMS350x - TeChNical data ........cooeiiiiiiiiie e e 199

R Tt I T I 1 15 SRRSO 238
3111 ELMB54X - INTrOAUCHION ...ttt e e e e e e e e eeeeaaeee e s 238
3.11.2  ELMS354x - TeChNical data ........coooiiiiiiiiiie e 239

B Tt 1 I 1 1 GRS 243
3121 ELMB3BB0X - INTrOAUCHION ...t e e e e e ee e e e e e e e e s 243
3.12.2  ELMB36B0X - TeChNICal data ........coeiiiiiiiiiiiie e 245
ELM3xxx Version: 2.18 5



Table of contents BEGKHOFF

R T 0 G 0 ) G PSPPSR P PP TPRPRUPRN 281
3.13.1  ELM370x-0000, ELM3704-0001, ELM3704-1001 - Introduction...........ccccccceeeieernnnne 281
3.13.2  ELMS370x - TeChnical data .........cooiiiiiiiiiie e 283

314 ELMBT702-0107 ..ttt ettt e e bbbt e e 440
3.14.1  ELM3702-0101 - INtrodUCHION. ..ottt 440
3.14.2  ELM3702-0101 - Technical data...........ccoiuiiiiiiieiiiie e 442

B T = [ SRS PRRSURR 567

L S 0 114 1 E==1 1o oo T 568

4.1 Notes to short dOCUMENTALION ........coiiiiiiii e 568

4.2 SettingS N the COE ... e 569
4.2.1 General access t0 onling COE VAIUES ...........ccoiiiiiiiiiiiiiiie e 569
422 Simplified handling of CoE parameters in ELM3XXX .....ccooouiiiiiiiiiiiieiiiiee e 574
423 ELIMBO00X ...ttt ettt ettt ettt e a e b e e en bt e e e et e e ante e e e neeeeneeeeaneeean 575
424 ELMB002-0205.......cee ettt 584
425 I 0 10 SRS 593
4.2.6 ELMBT102-0T00. ... eeeeeieteittee ettt ettt ettt et e am e et e e e ambe e e sbe e e abeeeeneeean 602
427 ELIMBTAX .ottt ettt e et e e e e e e ateeeeneeeaneeeeaneeeans 612
428 ELIMB3AX ..ttt ettt e e et e e e et e e ante e e eaneeeanneeeaneeean 620
4.2.9 ELIMBE50X ...ttt 630
N O L 1V 1 1 5 PR 644
g g N = 1V 1 10 PRI 658
4.2.12 ELM370x, ELM3704-0001, ELM3704-1001 ...ttt 668
g B B L 1V I 0 20 0 L SRS 686

B S - 10 0] o] L= o] oo [ =y 4 I RO SRR 702
4.3.1 Sample program 1 and 2 (OffSE/GAIN).......ccuiiiieiiii e 704
4.3.2 Sample program 3 (write LOOKUP table) ..........ueiiiiiiiiiiiii e 711
4.3.3 Sample program 4 (generate LoOoKUP table)..........cccuvviiiiiiiiiiiiee e 713
4.3.4 Sample program 5 (write filter coefficients)..........cooiiiii 715
4.3.5 Sample program 6 (interlacing of measured values) ...........ccccooiiiiiiiiiiiii e, 718
4.3.6 Sample program 7 (general decimation in the PLC) ........cooooiiiiiiiiiiiiiieeeeeeeee e, 723
4.3.7 Sample program 8 (diagnosSiS MESSAGES)......uuurreeiiiriiieeiiiiiieeeaiieee e e e e e 729
4.3.8 Sample program 9 (measuring range combination)...........ccccceveviiiiee e 730
4.3.9 Sample program 10 (reading and writing TEDS data) .............ccooevciiiiiiieiiie s 734
4.3.10 Sample program 11 (FB for real time diagnosis) ..........ccccciiiiiiiiiiiiiiii e 736
4.3.11 Sample program 12 (scripts for generation and transformation of filter coefficients)..... 739
4.3.12 Sample program 13 (R/W signature of calibration)............cccoooiiiiiiii e 740
4.3.13 Sample program 14: Reading the BIC from the COE ...........ccocciiiiiiiiiiii e 742

L I 1 =Y F ] =SSR 744
6 Commissioning on EtherCAT Master........cccccceiiiiiiiiiiciccscsseceerse s s s s smssss s s e e e e s s s s s e sssmnnns s e essesssas 745

6.1  General Commissioning Instructions for an EtherCAT Slave .........ccccoeiiiiiiieeii e 745

6.2 TWINCAT QUICK STAIt.......eeeeeiiiiiiie ettt e e e e e e et e e e e e e e e e e e e e e eeeeaaaaeens 753
6.2.1 TWINC AT 2 et b ettt h et e st et e e e n bt st e ne e 755
6.2.2 IV O N I ST 765

6.3 TwinCAT Development ENVIFONMENT .........ooiiiii it a e 779
6.3.1 Installation of the TWINCAT real-time driVer ... 779

Version: 2.18 ELM3xxx



BEGKHOFF Table of contents

6.3.2 Notes regarding ESI device descCription............c..uvveeiiiiiiec i 785

6.3.3 TWINCAT ESIUPALEr......eiiiiiieie ettt e e 789

6.3.4 Distinction between Online and OffliNe ............cooiiiiiiiiii e 789

6.3.5 OFFLINE configuration Creation................coiiiiiiiiii oo 790

6.3.6 ONLINE configuration Creation ............c.eeieiiiieiieiiee e 795

6.3.7 EtherCAT subscriber CONfiguration ..............ooooiiiiiiie i 802

6.3.8 Import/Export of EtherCAT devices with SCl and XTl.........cccociiiiiiiiiiiiiece e 812

L e | 1= (07 NN I o= 13 o= USSR 819
6.5 EtherCAT cabling — Wir€-DOUNG ............ouimiiiiiiiiee e aa e 820
6.6  General notes for setting the WatChdog ...........coouiiiiiiii e 821
6.7 EtherCAT State MacChiNe ...t a e e eeeaae e 823
8.8  COE INTEITACE ...ttt ettt 824
L T B 1151 141 o TU (=Y [ 1 oo PSSP 829
7 Lo T = 1 o N 830
A B 0T =3 g T e £=1 = T PRSP 831
8 Mounting @Nd WIFING ..coviiiiiccccceeciirie s s s er e e e s s s s s s s s s sssmns s e e e e e e eesaas s s ssnmnnraeeeeseessansssssnnnnnnnnnennsnan 832
8.1 Notes regarding conNEctors and WiriNG..........ccoiiuuiiiiriiieii e e 832
8.2  Notes on connection tECNNOIOGY .........uuuiiiiiiiiiie e e e e e e e 834
8.2.1 Connection design Push-in with Service plug ...........ccccoeiiiiiiiiiiiiee e 834

8.2.2 Connection design BNC.........oooiiiiii e 835

8.2.3 Connection design LEMO .........cooiiiiiieeee ettt e e 835

8.24 Connection design mini thermMoCOUPIE ..........c.uuiiiiiiiiii e 835

8.3 NOLE - POWET SUPPIY ..ttt e e e e e e e ettt e e e e e e e e e e e e eeeeaaaaeens 837
8.4 ACCESSOMIES ...ttt ettt et e e e e e e e e e e e e e e 838
8.4.1 ST 111 o I eTo] o1 o LY i) o SRR 838

8.4.2 Shielding hood ZS9100-0003............eiiiiiieiiei et e e 840

8.4.3 Replacement push-in ZS2001-000X........ccuuutttiiiiieeee et eeeeiieee e e siieee e e e sbeee e e e esnbeeeeeeeaes 843

8.4.4 ZS3000-000X LEMO PIUG...cueeieiiiee ettt e et e et e e aee e e eneee e eneeeenees 844

845 ZS3000-010x mini thermocouple PIUQG ......eeeeiiieeeeiiieciieeeee e 844

8.4.6 ZK2003-8100 assembled LEMO PlUug .......coooiiiiiiiiiiiieie et 845

8.5 Common notes t0 the POWEr CONTACES...........euiuiiiiiiicice e 846
8.6  INStallation POSITIONS .....cii it aaaaaaas 847
8.7  Mounting of PassSive TerMINGIS .......c.uuiiiiiiiiie e 849
RS I 1 1= fo [T a o [ oo g et=Y o) RSP SRR 850
8.9  Power supply, potential rOUPS ......ccccciiiiiiiiiieee e e e e e e e aaaaa e 853
8.10 ELM/EKM terminal mounting on DIN rail .........cooiiiiiiii e 869
8. 11 Protective €arth (PE) .......eeiiiiiee e nees 872
8.12 LED iNndiCators = MEANINGS ......ueiiiieiiieiie ettt et et e e e et e e e et e e e e ennbe e e e e e nnnees 874
8.13 Power CoONtacts ELIMBTAX ...ttt e e e e e e e e e e e e e e eeaaaaeeas 876
8.14 Assembly of the LEMO connector ELM3702-0101 .......uuiiiiiiiieieiieiciiieee e 877
815 DUSPOSAI ...ttt e e b e e e e e e e e e e e b e e e e e e annees 878
L2 T Y o o 1= o Lo [ 879
9.1  Diagnostics - basic principles of diag MESSAGES .....c.coiiuiiiiiiiiiiiie e 879
1S 02 o V=Y o { oY T =Y =T o To I 0 L RSP RRR 886
9.3 UL NOUICE 1ttt ettt e e 890

ELM3xxx Version: 2.18 7



Table of contents BEGKHOFF

9.4
9.5
9.6

9.7
9.8
9.9
9.10
9.11
9.12
9.13
9.14

Continuative documentation for ATEX @and IECEX..........ccoiiiiiiiiiiiiiiie e 892
EtherCAT AL Status COUES ...ooeeeiieieeeeee et e ettt e e e e e e e e e e e e eeeaaaaaaeeas 892
Firmware Update EL/ES/EM/ELM/EP/EPP/ERPXXXX .......cccotiiitiiieiieeee e 892
9.6.1 Device description ESI fil&/XIML .......ooviiiiiie et 893
9.6.2 Firmware eXplanation ... 896
9.6.3 Updating controller firmware *.€fW ...........ccooiiiiiiiiie e 897
9.6.4 FPGA firmware *.rf .. .o 899
9.6.5 Simultaneous updating of several EtherCAT devices ..o 903
Firmware compatiDility ..........ooooiiiiii e e e 904
Firmware compatibility - passive terminals ... 907
Restoring the deliVery State... ... 907
ELM3XXX NOtES ON OPEIatiON ....ceeiiiiiiiieiee et e e s e e e e e e e e e aeaeaeeeeeeeeeeennes 908
Notes on analog aspects t0 EL3751/ ELIM3XXX ...coiuvuiiiiiiiiiiieei et 908
Further documentation for I/O components with analog in and outputs...........c..ccccceeiiiiiieennnen. 909
S T0 o] o o]y fF= 1o IS T =Y LYo RSP 910
Reshipment and retUMN ... ..o o et e e e e e e e e e e e aaaaeeas 910

Version: 2.18 ELM3xxx



BEGKHOFF Foreword

2 Foreword

Within this short documentation some chapters are only available in a shortened version. For the complete
documentation please contact the Beckhoff sales department responsible for you.

2.1 Notes on the documentation

Intended audience

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with the applicable national standards.

It is essential that the documentation and the following notes and explanations are followed when installing
and commissioning these components.

The qualified personnel is obliged to always use the currently valid documentation.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.

Disclaimer

The documentation has been prepared with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without prior announcement.

No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P°®,
Safety over EtherCAT®, TWinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by
Beckhoff Automation GmbH. Other designations used in this publication may be trademarks whose use by
third parties for their own purposes could violate the rights of the owners.

Patent Pending

The EtherCAT Technology is covered, including but not limited to the following patent applications and
patents: EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702 with corresponding
applications or registrations in various other countries.

EtherCAT.

EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The reproduction, distribution and utilization of this document as well as the communication of its contents to
others without express authorization are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.

ELM3xxx Version: 2.18 9
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2.2 Safety instructions

Safety regulations

Please note the following safety instructions and explanations!
Product-specific safety instructions can be found on following pages or in the areas mounting, wiring,
commissioning etc.

Exclusion of liability

All the components are supplied in particular hardware and software configurations appropriate for the
application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.

Personnel qualification

This description is only intended for trained specialists in control, automation and drive engineering who are
familiar with the applicable national standards.

Signal words

The signal words used in the documentation are classified below. In order to prevent injury and damage to
persons and property, read and follow the safety and warning notices.

Personal injury warnings

A DANGER

Hazard with high risk of death or serious injury.

Hazard with medium risk of death or serious injury.

A CAUTION

There is a low-risk hazard that could result in medium or minor injury.

Warning of damage to property or environment

The environment, equipment, or data may be damaged.

Information on handling the product

d This information includes, for example:
1 recommendations for action, assistance or further information on the product.

10 Version: 2.18 ELM3xxx
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2.3 Documentation issue status

Version Comment

2.18 » Update to foreword, subchapter “Version identification of EtherCAT devices"/ “Electronic access to the BIC (eBIC)*
» Updating the technical data for

o ELM334x: Input impedances and diagrams for specifying the measurement uncertainty under "Measurement
thermocouple"

o ELM360x: AC specification values

o ELM370x: Diagrams for specifying the measurement uncertainty under "Measurement thermocouple" and AC
specification values

* Product supplement: ELM3002-0205 (chapters “Product overview”, “Technical data”, “Commissioning”/ “Settings in
the CoE", “Mounting and wiring”, “Firmware compatibility”)

« Update to chapter “Commissioning on EtherCAT Master” including subchapters “EtherCAT cabling — wire-bound®,
“General notes for setting the watchdog®, “EtherCAT State Machine“ and “CoE Interface”

« Update of all subchapters to the listed terminals in “Commissioning*“, subchapter “Settings in the CoE*
* Update to chapter “Mounting and wiring®, subchapter “Note - power supply*

ELM3xxx Version: 2.18 11



Foreword BEGKHOFF

24 Guide through documentation

Further components of documentation

This documentation describes device-specific content. It is part of the modular
documentation concept for Beckhoff I/O components. For the use and safe operation of the
device / devices described in this documentation, additional cross-product descriptions are
required, which can be found in the following table.

Title Description

EtherCAT System Documentation (PDF) » System overview
» EtherCAT basics

» Cable redundancy

* Hot Connect
» EtherCAT devices configuration

1/0 Analog Manual (PDF) Notes on I/O components with analog in and outputs

Infrastructure for EtherCAT/Ethernet (PDF) Technical recommendations and notes for design, implementation and
testing

Software Declarations 1/0 (PDF) Open source software declarations for

Beckhoff I/O components

The documentations can be viewed at and downloaded from the Beckhoff website (www.beckhoff.com) via:

+ the “Documentation and Download” area of the respective product page,

« the Download finder,

 the Beckhoff Information System.

If you have any suggestions or proposals for our documentation, please send us an e-mail stating the
documentation title and version number to: documentation@beckhoff.com

2.5 Version identification of EtherCAT devices

251 General notes on marking

Designation

A Beckhoff EtherCAT device has a 14-digit designation, made up of

» family key
> type
* version
* revision
Example Family Type Version Revision
EL3314-0000-0016 |EL terminal 3314 0000 0016
12 mm, non-pluggable connection level |4-channel thermocouple terminal |basic type
ES3602-0010-0017 |ES terminal 3602 0010 0017
12 mm, pluggable connection level 2-channel voltage measurement |high-precision version
CU2008-0000-0000 |CU device 2008 0000 0000
8-port fast ethernet switch basic type
Notes

» The elements mentioned above result in the technical designation. EL3314-0000-0016 is used in the
example below.

« EL3314-0000 is the order identifier, in the case of “-0000” usually abbreviated to EL3314. “-0016” is the
EtherCAT revision.

12 Version: 2.18 ELM3xxx
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» The order identifier is made up of
- family key (EL, EP, CU, ES, KL, CX, etc.)
- type (3314)
- version (-0000)

* The revision -0016 shows the technical progress, such as the extension of features with regard to the
EtherCAT communication, and is managed by Beckhoff.
In principle, a device with a higher revision can replace a device with a lower revision, unless specified
otherwise, e.g. in the documentation.
Associated and synonymous with each revision there is usually a description (ESI, EtherCAT Slave
Information) in the form of an XML file, which is available for download from the Beckhoff web site.
From 2014/01 the revision is shown on the outside of the IP20 terminals, see Fig. “EL2872 with
revision 0022 and serial number 01200815”.

» The type, version and revision are read as decimal numbers, even if they are technically saved in
hexadecimal.

2.5.2 Version identification of ELM terminals
The serial number/ data code for Beckhoff IO devices is usually the 8-digit number printed on the device or

on a sticker. The serial number indicates the configuration in delivery state and therefore refers to a whole
production batch, without distinguishing the individual modules of a batch.

Structure of the serial number: KK YY FF HH Example with serial number 12 06 3A 02:
KK - week of production (CW, calendar week) 12 - production week 12
YY - year of production 06 - production year 2006
FF - firmware version 3A - firmware version 3A
HH - hardware version 02 - hardware version 02

= .

:L (-

iz =

+ ]

ELM3002-0000

2 x analoginput / 24 bit/ 20 kSps
«/=20mV...«/- 30V / differential

Ser.Nr.:0920050&4 Rev.Nr.: 0019

Fig. 1: ELM3002-0000 with BTN 0000wwww and unique serial number 09200506

253 Beckhoff Identification Code (BIC)

The Beckhoff Identification Code (BIC) is increasingly being applied to Beckhoff products to uniquely identify
the product. The BIC is represented as a Data Matrix Code (DMC, code scheme ECC200), the content is
based on the ANSI standard MH10.8.2-2016.

ELM3xxx Version: 2.18 13
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Fig. 2: BIC as data matrix code (DMC, code scheme ECC200)

The BIC will be introduced step by step across all product groups.

Depending on the product, it can be found in the following places:
» on the packaging unit
« directly on the product (if space suffices)
» on the packaging unit and the product

The BIC is machine-readable and contains information that can also be used by the customer for handling
and product management.

Each piece of information can be uniquely identified using the so-called data identifier
(ANSI MH10.8.2-2016). The data identifier is followed by a character string. Both together have a maximum
length according to the table below. If the information is shorter, spaces are added to it.

Following information is possible, positions 1 to 4 are always present, the other according to need of
production:

Posi- |Type of Explanation Data Number of digits incl. Example

tion |information identifier data identifier

1 Beckhoff order number Beckhoff order number 1P 8 1P072222

2 Beckhoff Traceability Unique serial number, see SBTN 12 SBTNk4p562d7

Number (BTN) note below

3 Article description Beckhoff article description, |1K 32 1KEL1809
e.g. EL1008

4 Quantity Quantity in packaging unit, |Q 6 Q1
e.g. 1,10, etc.

5 Batch number Optional: Year and week of 2P 14 2P401503180016
production

6 ID/serial number Optional: Present-day serial 518 12 515678294
number system, e.g. with safety
products

7 Variant number Optional: Product variant 30P 32 30PF971, 2*K183
number on the basis of
standard products

Further types of information and data identifiers are used by Beckhoff and serve internal processes.

Structure of the BIC

Example of composite information from positions 1 to 4 and with the above given example value on position
6. The data identifiers are highlighted in bold font:
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1P072222SBTNk4p562d71KEL1809 Q1 515678294

Accordingly as DMC:
IITLI I I

Fig. 3: Example DMC 1P072222SBTNk4p562d71KEL1809 Q1 518678294

BTN

An important component of the BIC is the Beckhoff Traceability Number (BTN, position 2). The BTN is a
unique serial number consisting of eight characters that will replace all other serial number systems at
Beckhoff in the long term (e.g. batch designations on 10 components, previous serial number range for
safety products, etc.). The BTN will also be introduced step by step, so it may happen that the BTN is not yet
coded in the BIC.

This information has been carefully prepared. However, the procedure described is constantly being further
developed. We reserve the right to revise and change procedures and documentation at any time and
without prior notice. No claims for changes can be made from the information, illustrations and descriptions
in this documentation.

254 Electronic access to the BIC (eBIC)

Electronic BIC (eBIC)

The Beckhoff Identification Code (BIC) is applied to the outside of Beckhoff products in a visible place. If
possible, it should also be electronically readable.

The interface that the product can be electronically addressed by is crucial for the electronic readout.

K-bus devices (IP20, IP67)

Currently, no electronic storage or readout is planned for these devices.

EtherCAT devices (IP20, IP67)

All Beckhoff EtherCAT devices have an ESI-EEPROM which contains the EtherCAT identity with the revision
number. The EtherCAT slave information, also colloquially known as the ESI/XML configuration file for the

EtherCAT master, is stored in it. See the corresponding chapter in the EtherCAT system manual (Link) for
the relationships.

Beckhoff also stores the eBIC in the ESI-EEPROM. The eBIC was introduced into Beckhoff IO production
(terminals, box modules) in 2020; as of 2023, implementation is largely complete.

The user can electronically access the eBIC (if present) as follows:
« With all EtherCAT devices, the EtherCAT master (TwinCAT) can read the eBIC from the ESI-EEPROM
o From TwinCAT 3.1 build 4024.11, the eBIC can be displayed in the online view.
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o To do this, check the "Show Beckhoff Identification Code (BIC)" checkbox under
EtherCAT — Advanced Settings — Diagnostics:

General Adapter EtherCAT  QOnline  CoE - Online
Advanced Settings
Net:
State Machine A H
Export Configuration File... “ Cyclic Frames Online View
e — ‘.. Distributed Clocks =$;E ;!SiréfTwe ~ \ﬂﬂm—l Add
[(]0004 'SM/FMMU Crt!
E— (S . Show Change Court
sl 0 e Do Grmcones
- Diagnoss (10010 ‘Phys Addr
Frame Cmd Addr Len WC Syne Unit Cycle (ms)  Lkilizatiol [[]0012 Canfigured Station Alias’
[ 10020 "Register Protect”
WMo wR  o0o00000 1 1 <default> 4,000 10030 Acoess Frotect”
Mo oRD 000000730 2 2 4000 017 []0040 "E5C resst’
017 []0100 ESC Cir" Code(BIC)
[]0102 'ESC CilEx'
[]0108 ‘Phys. RW Offeet’
[]0710 'ESC Status’
oizoaLcd
o The BTN and its contents are then displayed:
General  Adapter EtherCAT | Oniine | CoE - Online
Na Addr  Mame Sae CRC Fw Hw Production Data RemMo BTN Description  Cuartty BatchMo SeralNo
B 1001 Teem 1(EKN0N OP 0o o 0 -
i2 1002  Temn 2 (EL101E) op 0.0 0 0 2020 KW R 072222 k4pS62d47 EL130S 1 678234
M3 1003 Temn 3 (ELI20) op 0.0 7 6 2012 KW24 Sa
B4 1004 Temd4(EL20M) OP 60 0 0 - 072223 k4pS6247 EL2004 1 678295
§5 1005 TeemS(ELIDOE) OF 0o 0 0 -
"6 1006 Tem6G(EL200S OP 0.0 0 12 2014 KW14 Mo
L7 1007 Teem TEKING OP 0 1 g 2012 KW25 Mo

> Note: As shown in the figure, the production data HW version, FW version, and production date,
which have been programmed since 2012, can also be displayed with "Show production info".

o Access from the PLC: From TwinCAT 3.1. build 4024.24, the functions FB_EcReadBIC and
FB_EcReadBTN for reading into the PLC are available in the Tc2_EtherCAT library from
v3.3.19.0.

» EtherCAT devices with a CoE directory may also have the object 0x10E2:01 to display their own eBIC,
which can also be easily accessed by the PLC:

o The device must be in PREOP/SAFEOP/OP for access:

ndex Hame Flags  Value
1000 Dlevice bype RO a015E 1285 (2234 2807)
1008 Disvics name RO ELMIT04-0000
1009 Hardware s RO L]
1004 Software verson RO o1
1008 Bootloader version RO J0127.0
= 1Mo Fastors default paramet ers RO 1 ¢
+ 10180 identity RO 34
= 10E2:0 Manudacturerspecific Idertification C RO »1«
10E2:01  Subindss: D01 RO TPISS44Z5ETHO00GSp IKELMITE Q71  3P423001000016
+ - 10F0 Backup pannetar handing RO »1<
+ 10F3:0 Ciagnioats Hestowy RO 2
10F8 Actual Tiema Stamp RO 01 A bfb 2 7re

o The object 0x10E2 will be preferentially introduced into stock products in the course of necessary
firmware revision.

o From TwinCAT 3.1. build 4024.24, the functions FB_EcCoEReadBIC and FB_EcCoEReadBTN for
reading into the PLC are available in the Tc2_EtherCAT library from v3.3.19.0
» The following auxiliary functions are available for processing the BIC/BTN data in the PLC in
Tc2_Utilities as of TwinCAT 3.1 build 4024.24

o F_SplitBIC: The function splits the Beckhoff Identification Code (BIC) sBICValue into its
components using known identifiers and returns the recognized substrings in the ST_SplittedBIC
structure as a return value

o BIC_TO_BTN: The function extracts the BTN from the BIC and returns it as a return value

* Note: If there is further electronic processing, the BTN is to be handled as a string(8); the identifier
"SBTN" is not part of the BTN.
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» Technical background
The new BIC information is written as an additional category in the ESI-EEPROM during device
production. The structure of the ESI content is largely dictated by the ETG specifications, therefore the
additional vendor-specific content is stored using a category in accordance with the ETG.2010. ID 03
tells all EtherCAT masters that they may not overwrite these data in the event of an update or restore
the data after an ESI update.
The structure follows the content of the BIC, see here. The EEPROM therefore requires approx.
50..200 bytes of memory.

» Special cases

o If multiple hierarchically arranged ESCs are installed in a device, only the top-level ESC carries the
eBIC information.

o If multiple non-hierarchically arranged ESCs are installed in a device, all ESCs carry the eBIC
information.

o If the device consists of several sub-devices which each have their own identity, but only the top-
level device is accessible via EtherCAT, the eBIC of the top-level device is located in the CoE
object directory 0x10E2:01 and the eBICs of the sub-devices follow in 0x10E2:nn.

PROFIBUS; PROFINET, and DeviceNet devices

Currently, no electronic storage or readout is planned for these devices.
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2.5.5 BIC within CoE of ELM3xxx
Overview of BIC support: CoE object Ox10E2 (BIC) is contained since the following FW:

Terminal since FW
ELM3002 04
ELM3002-0205 01
ELM3004 06
ELM3102 05
ELM3104 05
ELM3142 03
ELM3144 03
ELM3146 04
ELM3148 05
ELM324x 01
ELM334x 01
ELM3502 07
ELM3504 06
ELM354x 01
ELM3602 07
ELM3604 07
ELM370x 01

For unique identification, the object Ox10E2 is to be used instead of the OxF083, which was previously
partially available.
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3 Product overview
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3.1 Description

The ELM3xxx series analog input terminals can be used for measuring electrical parameters in several
measuring ranges. They forward the measured values to the controller via the EtherCAT fieldbus.
The covered measuring ranges are currently:

 voltage, bipolar £20 mV ... £1200 V, unipolar 0...5V, 0...10V, 0...20 V,

« thereby, together with the detection of the cold junction, temperature measurement with thermocouples
(TC) and thermocouple calculation (type K, E, T, ...),

« current in the ranges 20 mA , 4...20 mA, 0...20 mA, fault indication based on NAMUR NE43,
* resistor bridge, strain gauge (SG) with 2 to 6-wire connection up to 32 mV/V:

> 1/4 bridge (quarter bridge, 2 to 3-wire connection), 1000 Q, 350 Q, 120 Q,

> 1/2 bridge (half bridge, 3 to 5-wire connection) and

> 1/1 bridge (full bridge, 4 to 6-wire connection),

« electrical resistance R: 0...100 kQ in 2 to 4-wire connection in various measuring ranges depending on
the device,

+ as a result, also temperature with RTD conversion in the corresponding resistance range (Pt100,
Pt1000, ...),

» potentiometer,

« vibration sensors with current feeding in compliance with the IEPE standard (with charge output on
request) and

« LVDT/carrier frequency on request, see also EL5072 optionally.

The maijority of the terminals have non-electrically isolated channels, as this is generally not necessary in the
24 V machine environment and would only increase the device costs unnecessarily. In turn, individual
devices such as the ELM3702-0101 [»_440] have electrically isolated channels and are thus ideally suited for
signals that have different potentials.

The measurement terminals are currently divided into two series
+ ELM3x0x — the basic series (refer to the terminal specification for the specific properties)
o This is the universal device class for dynamic (fast) applications
o Max. sampling rates per channel: 10,000 to 50,000 sps
> Simultaneous sampling of the channels in the terminal (measure channels at the same time)
o In general, basic accuracy of 100 ppmgs, @ 23°C
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+ ELM3x4x — the economy series (refer to the terminal specification for the specific properties)

o This is the most cost-effective device class for multi-channel applications and slowly changing
signals

o Max. sampling rates per channel: up to 1,000 sps

o Multiplex sampling of the channels in the terminal (in succession)

° In general, basic accuracy of 100 ppmgs, @ 10...40°C

o Simple self-supply through 24 V power contacts and connection for 24 V sensor power supply

Two supplementary families are available in addition to this:
+ System components EKM1101, ELM9410

o The EKM1101 EtherCAT Coupler and the ELM9410 power supply terminal are comparable to the
standard components EK1101 or EL9410 respectively in terms of operation, but they also offer
- extensive real-time diagnostics: incoming/outgoing voltages and currents, temperature,
vibrations, etc.
- electrical isolation of E bus and power contact supply for interference-free measurement

o They can be used as supplements to the ELM3xxx terminals if their properties provide an
advantage, but there is no obligation to do so. ELM3xxx terminals can also be used with standard
couplers and the EL9410. Accordingly, EKM1101/ELM9410 can also be used on standard EL/ES
terminals.

o Specific properties: see documentation for the system components

+ ELM2xxx signal switch for metrological requirements

o With the ELM26xx and ELM27xx terminals, several high-quality electronic switches for analog
signals are available, e.g. to implement multiplex applications.

o The ELM26xx are equipped with reed relays, and the ELM27xx have semiconductor switches
(MosFET, solid state). For application notes and technical data, see the relevant documentation.

> Analog signals can also be routed with other switches such as EL2xxx.

The name key for the ELM3xxx terminals is as follows

ELM3abc-defg

a: Interface b: Series c: Channels |def: Version g: Connection

0: voltage 0: basic 1 Isolated channels 0: Pushin

1: current 4: economy 2 Calibrated 1: LEMO

2: R/IRTD 4 Customer-specific 2: BNC

3:TC 6 3: Mini TC universal

5: SG, bridges 8 4: Mini TC type K

6: IEPE 5: 4 mm laboratory socket
7: multi-interface

The devices have several technical features that facilitate measurement taking. Availability depends on the
device and series; please refer to the specific documentation.

The channels of a device function independently as regards and can be parameterized separately.

Various pluggable connection levels are offered ex-factory; currently, for the ELM3xxx, these include
BNC, Pushin and LEMO and IEC thermocouple connectors.

An analog channel can measure beyond the nominal range specified above. This simplifies
commissioning and troubleshooting. The resulting technical measuring range is approx. 107% of the
nominal range. The "extended range" property of the measuring range can be disabled in order to
make the behavior compatible with the EL30/31/36xx series as a "legacy range".

The devices described here all work with 24-bit analog resolution. The data transfer is performed in
compliance with the IEC via 32-bit (4-byte) variables which must be taken into consideration for
busload calculations.

A reduced resolution of 8 or 16 bits can be set for some devices.

Each channel operates with EtherCAT Distributed Clocks. Each measured value therefore has a
specific timestamp with ns resolution.

20
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» There are devices which perform a singular function, e.g. only voltage measurement, and also multi-
functional terminals, which support several or all of the measuring ranges listed above.

« The singular function devices also offer high flexibility as regards the measuring range, for example the
ELM35xx for strain gauges/weighing applications. The integrated supply and the switchable auxiliary
resistors enable direct connection of a resistor bridge (strain gauge SG) or load cell with 2-/3-/4-/6-wire
connection technology, a fixed resistor, a PTC/NTC element or a potentiometer.

» The channels operate at a fixed sampling rate, which is currently 1,000 to 50,000 sps (samples per
second) depending on the device. If a lower rate is required in the application, each channel can
decimate independently and be varied during runtime.

» Hardware filtering is designed for the usual -3 dB point to avoid aliasing.

» Each channel has two configurable numeric software filters up to FIR 39th order (40 taps) or IIR 6th
order. Both filters can be set based on an integrated list (a number of low-pass, high-pass, mean value
filters) or a freely selectable coefficient table. The filter design can be created with the TwinCAT Filter
Designer or common tools (Matlab®, Octave), instructions can be found here in the document.

» Non-linear characteristic sensor curves can be corrected flexibly through an integrated sampling points
table. Simple mathematical operations are also possible.

» Sensor commissioning is facilitated by the Auto Scale function at two measuring points.
» Each device has a unique ID number, which is printed and electronically readable (BIC/BTN).

 Calibration certificates can be created for some the devices as an option to order, provided in the form
of a Beckhoff factory calibration certificate or an external calibration certificate in accordance with
ISO 17025 or DAkks. Re-calibration can be carried out by Beckhoff service. Details on this are
available from the Beckhoff sales team.

The individual devices are presented below.

Documentation status of functions

The ELM3xxx devices are in continuous development, both in terms of new devices and new software
functions. As a result, settings that can be found in delivered devices, e.g. in the CoE/PDO/DC dialogs, may
not yet be documented. The use of such non-documented properties is not permitted unless it is done with
the express supervision of Beckhoff Support.
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3.2

Process data interpretation

The entire measurement range is constituted as follows with regard to the output of the cyclic process data:

Extended Range Mode (Default): [Defined resolution: FSV/7812500)] i
-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OXFF88CAGC) (0x00000000) (0x00773594)  (OxO07FFFFF)

Range Error
Limit (2

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: FSV/8388607) i
-FSV 0 Value +FSV
-8388608 0 +8388607
(0xFF800000) (0x00000000) (0xO07FFFFF)

Range Error
Limit (2

Underrange
Limit (*

negative Range ositive Range
| g 9 p g 1 Range Error

Limit (2

Underrange Area (*

Nominal Range

Overrange Area (*

Technical Range

negative Range positive Range

Range Error
Limit (2

Overrange

Limit (*

Nominal / Technical Range

FSV = full scale value

Fig. 4: Basic range of a process data value

The channel for this terminal features an option to set the measuring range either to the conventional
Beckhoff type, up until now: "nominal full-scale value = PDO end value: LegacyRange" or the new method
"technical full-scale value = PDO end value: ExtendedRange".

» For Extended Range mode, the following applies:

o

o

technical full scale value = PDO end value Ox007FFFFF.

for information purposes, the channel can measure up to approx. 107% beyond the nominal range,
although accuracy specifications etc. are then no longer valid.

outside the nominal measuring range, the Overrange or Underrange bit is set.

for further diagnosis, the error bit and the error LED are set if configurable limits are exceeded or
not reached. By default, the limits are set to the technical measuring range, although they can be
narrowed by the customer.

Example: In the 4...20 mA measuring range, the lower limit is set to 0 mA, although it can be
customized in the CoE by the customer, e.g. set to 3.6 mA, in order to enable earlier detection of
potential sensor faults.

The Extended Range mode is the default setting for the terminal ex works.

The mode is defined through the non-periodic rational LSB step size and an integer end value.
This enables the step size to be used in a PLC program without a rounding error.

« For Legacy Range mode, the following applies:

o

o

o

nominal full scale value = PDO end value.
compatible with existing interface from EL30xx/EL31xx/EL36xx.

Overrange/Underrange, Error bit and Error LED are set simultaneously if the nominal/technical
measuring range is exceeded or not met.

can be optionally activated in the terminal.

this mode is defined by an integer end value; assuming that the LSB step is no longer a whole
number.

22
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3.3 General Information on Measuring Accuracy/
Measurement Uncertainty

For basic information regarding the explanatory notes below, please refer to chapter “Notes on analog data

values” under Further documentation for I/O components with analog in and outputs [»_909], particularly for
full scale value.

This guidance should be read and followed in order to save extra work, time and, presumably, money.

In-depth familiarization with these instructions will make it easy to master this technology and thus facilitate
your work.

Basic information on measurement technology:

Measuring devices are used to try to determine the true value of a measured variable, e.g. ambient
temperature, with the amount of effort put into this varying. For various practical reasons this cannot be
performed conclusively. Depending on the work involved, the measurement/measured value is subject to a
random measuring error that cannot be eliminated. With its practically determined specification data,
Beckhoff provides an approach that can be used to calculate the residual measurement uncertainty in the
individual case. The following paragraphs elucidate this.

General notes
No special maintenance required, although an annual inspection is recommended for the terminal.

If a factory calibration certificate is available for the device, a one-year recalibration interval is recommended,
unless otherwise specified.

Notes regarding the specification data:

* Measurement specifications are usually specified as "% of nominal full scale value" = “% full scale
value (%esy)’, unless otherwise specified.

« With regard to an individual value, "typical" means that on average, this parameter has the specified
value. For individual terminals, the parameter may deviate from the typical value. Current consumption
is an example of this.

* In the context of a limit (parameter is typically max./min. X) or with two limits (parameter is typically
between X and Y), "typical" means that this parameter predominantly between the limits for the
individual terminals. However, deviations may occur: see confidence level. Noise is an example of this.
Usually, no measurements are taken, in order to be able to make statements about standard deviations
or result frequencies. A typical value is usually indicated with the abbreviation "typ." after the unit.

» The confidence level is 95%, unless otherwise specified.

» When operating in EMC-disturbed environments, twisted and shielded signal cables which are
grounded at one end, at minimum, must be used in order to comply with the specification. The use of
Beckhoff shielding accessories ZB8511 or ZS9100-0002 is recommended:

i
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» Unless otherwise specified, measurement errors etc. will be stated in electrical DC operation (no use of
AC values). During measurement of an AC value, the frequency slope of the analog input influences
the measurement itself.

Note on temperature

The internal/external temperature of the device affects the measurement through the electronics. A
measuring setup is generally characterized by a temperature dependence, which is specified in the form of a
temperature drift, for example. The specifications apply for a constant ambient temperature. Variable
conditions (e.g. heating of the control cabinet, sudden temperature drop due to opening of the control cabinet
in cold weather) resulting in a temperature change may alter the measured values through dynamic and
heterogeneous temperature distribution. To rectify such effects, the internal temperature of the device can be
read online from the CoE and used for calculation. Some devices also electrically indicate that they have
thermally stabilized; see diagnostic features.

The specification data apply:

« after a warm-up time under operating voltage and in fieldbus mode of least 60 minutes at constant
ambient temperature

o practical note: after power-on, the device generally heats up exponentially such that the major
proportion of the heating has occurred within a short period of approximately 10 to 15 minutes,
depending on the device,and the measuring properties shift within the specification limits.

o for clarification: typical trend of an internal temperature (no significance for a particular device):

typ. Warm Up behaviour

o some devices display that they are internally thermally stabilized and AT within the device is very
small in the CoE object 0xF900:02 [P 583]. This can be evaluated by an application,

* in horizontal installation position, taking the minimum distances into consideration,
« under natural convection (no forced ventilation),
 provided the specifications are adhered to.

Under different conditions, user-specific adjustment is required.

Notes on calculation with the specification data:

The independent specification data can be divided into two groups:

+ the data on offset/gain deviation, non-linearity, and repeatability, whose effect on the measurement
cannot be influenced by the user. These are summarized by Beckhoff according to the calculation
below, at "basic accuracy at 23°C".

« the specification data whose effect on the measurement can be influenced by the user, namely
o noise: effect can be influenced by sample rate, filtering and
o the temperature: effect can be influenced by control cabinet air conditioning, shielding, cooling,
etc.

The independent individual accuracy data are to be added quadratically according to the formula below in
order to determine the total measurement accuracy — if there are no special conditions that contraindicate a
uniform distribution and thus the quadratic approach (RSS - root sum squared method).
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Erotal =\’ (EGaun . %)2"' (TCGaun -AT- %)2‘* EOHse12+ EL|n2+ ERep2+ (15 . ENanse.PtP)2+ (TCOﬂset . ﬂT)2+ (EAge . NYears)2

For measurement ranges where the temperature coefficient is only given as TcCreminar:

2l

Erotal =J (EGam ' %)2 + E0H5e12+ ELun2 + EF{e02+ (15 . ENmse.PtP)2 + (TCTermunal . &T)‘? + (EAge . NYears)2

Eofiset : Offset specification (at 23°C)

Ecain : Gain/scale specification (at 23°C)

Enoise, pip : Noise specification as a peak-to-peak value (applies to all temperatures)

MV : Measured value

FSV : Full scale value

E.in : Non-linearity error over the entire measuring range (applies for all temperatures)
Erep : Repeatability (applies to all temperatures)

TCofteet : Temperature coefficient offset

TCoain : Temperature coefficient gain

TCrerminal : Temperature coefficient of the terminal

AT : Difference between the ambient temperature and the specified basic temperature (23°C unless otherwise specified)
Enge : Error coefficient for ageing

Nyears : Number of years

Eroa : Theoretically calculated total error

For example, if the following values are obtained at a determined measured value MV of 8.13 V in the 10 V
measurement range (FSV = 10 V) (Nveas = 0):

» Gain specification: Eg,, = 60 ppm
» Offset specification: Eggse; =70 ppMesy
* Non-linearity: E,;, = 25 ppMmgsy

Repeatability: Ege, = 20 ppmggy

Noise (without filtering): Eygise, e = 100 PPMyear to-peak
» Temperature coefficients:

o TCgun = 8 ppm/K

° TCoftset = 5 PPMEsy/K

then the theoretical possible total measurement accuracy at AT = 12K for the basic temperature can be
calculated as follows:

Erow =\’ (60 ppm-0.813)2+(12K-8 ppm/K-0.813)2 + (70 ppmrsv)2+(25 ppmrsv)? + (20 ppmesv)? + (50 ppmesv)? + (12K'5 ppmiesy/K)?

=143.16..ppMesv

or = +0.0143.. Y%rsy
Remarks: ppm 2 10° % 2 102

In general, you can calculate this as follows:

« if use at 23°C alone is to be considered:
Total measurement accuracy = basic accuracy & noise according to above formula

» If use at 23°C is to be considered with slow measurement (=averaging/filtering):
Total measurement accuracy = basic accuracy

« If general use within a known temperature range and incl. noise is to be considered:
Total measurement accuracy = basic accuracy & noise & temperature values according to above
formula

Beckhoff usually gives the specification data symmetrically in [+%], i.e. £0.01% or £100 ppm. Accordingly,
therefore, the unsigned total range would be double this given value. A peak-to-peak specification is a total
range specification; the symmetrical value is thus half of it. In the quadratic calculation below, the
symmetrical value for "one side" is to be inserted without a sign. Noise is usually specified in peak-to-peak
form, therefore the equation for the noise value already contains the division factor 2.
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Example:

« symmetrical specification: £0.01% (equivalent to £100 ppm) e.g. for offset specification

+ total range: 0.02% (200 ppm)

 to be used in the equation: 0.01% (100 ppm)
The total measurement accuracy calculated in this way is also to be considered as a symmetrical maximum
value and thus to be provided with + and < for further use.
Example:

° ETotaI = 100 ppm

» For further use: "< + 100 ppm"
Expressed in words: "The offset of the individual accuracy specifications under the given conditions
produced a range of 200 ppm that lies symmetrically around the individual measured value. The measured

value specification x thus has an uncertainty of x +100 ppm; it is thus 95% certain that the true value thus lies
in this range".

® The noise component can be omitted

1 The noise component Fy.;,. can be omitted from the above equation (= 0 ppm) if the average value
for a set of samples is used instead of a single sample. The averaging can take place in the PLC, or
it can be done by a filter in the analog channel. The output value of a moving average of many
samples has a noise component that is almost entirely eliminated. The achievable accuracy thus
increases when the noise component is decreased.

NOTICE

Error coefficient of ageing

If the specification value for aging from Beckhoff has not (yet) been specified, it must be assumed to be 0
ppm when considering measurement uncertainty, as in the above example, even if in reality it can be
assumed that the measurement uncertainty of the device under consideration changes over the operating
time, or colloquially stated, the measured value "drifts".

Experience has shown that the basic accuracy of the instrument under consideration, provided it is
operated according to specifications, can be taken as the order of magnitude for an annual change (10,000
h). This is an informative statement, does not constitute a specification, and exceptions may occur. In
general, the change in ageing will be very application-specific. A general ageing specification from Beckhoff
is therefore to be regarded as a guideline rather than a guaranteed upper limit, when published.

If the measurement uncertainty consideration in the application shows that aging over the desired operating
time can put the measurement accuracy at risk, Beckhoff recommends a cyclical check (recalibration) of

the measurement channel, with regard to sensors, cabling and the Beckhoff measurement terminals. In this
way, potential long-term changes in the measurement chain can be detected early and, in some cases, the
trigger (e.g. overtemperature) can even be eliminated. See also Further documentation for I/O components

with analog in and outputs [» 909].

@® Basic accuracy, extended basic accuracy, and averaging
1 v The basic accuracy will be designated separately to simplify usage.

a) The basic accuracy includes the offset/gain deviation, non-linearity and repeatability, but not the
temperature coefficient nor the noise and is thereby a subset of the aforementioned complete
calculation. It is possible to increase the measurement accuracy beyond the basic accuracy by
means of the offset correction.

Note: the "extended basic accuracy” also includes the temperature behavior across the specified
operating temperature range, e.g. 0...60°C, via the temperature coefficient.

b) "Averaging" means that the value has been obtained from the arithmetic average of 100,000
(usually) values to eliminate noise. The averaging function integrated into the box module does
not necessarily need to be used. If resources are available, averaging can also be executed
within the PLC.
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Measurement accuracy of the measured value (from reading)

o

1 In several cases, the "Accuracy based on the up-to-date measured value" (percentage of reading),
i.e. "Accuracy of value", is sought instead of the "Accuracy related to the full scale value (FSV)"
(percentage of range).
This value could easily be calculated from the data given by the specification, as the total accuracy
consists of a measured value and full scale value dependent component and an exclusively full
scale value dependent component, according to the formula:

Erotal =J (EGin - %)2"' {TCGain AT %)2"' EOﬂselz"' ELm2+ ERep2+ (15 . ENcuse.PtP)2+ (TCOﬁset - AT)2+ (EAge - NYears)2
| | |

I I
Error content, depending on Error content, exclusive depending on
the measurement value the full scale viaue
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3.4 ELM300x

3.4.1 ELM300x - Introduction

P eLvsoozoom ™ emzoosoon

kot BECKHOFF hJd BECKHOFF

Fig. 5: ELM3002-0000, ELM3004-0000

2 and 4 channel analog input terminal +30 V...+20 mV, 24 bit, 10/ 20 ksps

The ELM300x EtherCAT terminals are designed for flexible voltage measurement from 20 mV to 30 V in
eleven measuring ranges. The measuring range is selected in the CoE, as are the other setting options such
as the filter parameters. Irrespective of the signal configuration, all ELM3xxx terminals have the same
technological properties. The ELM300x terminals for voltage measurement offer a maximum sampling rate of
10,000 or 20,000 samples per second. The 2-pin plug (push-in) can be removed for maintenance purposes
without releasing the individual wires.

Optional calibration certificate:

 with factory calibration certificate as ELM300x-0020: on request
» external calibrated (ISO17025 or DAkks) as ELM300x-0030: on request
» Re-calibration service via the Beckhoff service: on request

Quick-Links

e EtherCAT basics
* Mounting and wiring [P 832]
e Commissioning [P 568]

e Connection view [P 568]

* Object description and parameterization [P 575]
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3.4.2

ELM300x - Technical data

Technical data

ELM3002-00x0 ELM3004-00x0

Analog inputs

2 channel (differential) 4 channel (differential)

Time relation between channels to each
other

Simultaneous conversion of all channels in the terminal, synchronous conversion between
terminals, if DistributedClocks will be used

ADC conversion method

A% (Delta-Sigma) with internal sample rate

5.12 Msps 8 Msps
Cutoff frequency input filter hardware Before AD converter:
(see explanations in chapter hardware low pass -3 dB @ 30 kHz
Firmware filter concept) type butterworth 3th order

Within ADC after conversion:

Low pass Low pass

-3 dB @ 5.3 kHz, ramp-up time 150 ys

-3 dB @ 2.6 kHz, ramp-up time 300 ps

Type sinc3/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution

24 bit (including sign)

Connection technology

2-wire

Sampling rate (per channel, simultaneous)

50 ps/20 ksps 100 ps/10 ksps

Free down sampling by Firmware via decimation factor

Oversampling

1...100 selectable

Supported EtherCAT cycle time
(depending on the operation mode)

FrameTriggered/Synchron: min. 200 ps, max. 100 ms
DistributedClocks: min. 100 ps, max. 10 ms
FrameTriggered/Synchron: min. 200 ps, max. 100 ms
FreeRun: not yet supported

Connection diagnosis

Wire break/short cut

Internal analog ground AGND

Existing by external connection to -Uv

Overvoltage protection of the inputs
related on -Uv (internal ground)

+IN1, -IN1: at approx. 12 £0.5 V (within 30 V-mode at approx. 37 +1 V)

Internal power supply via E-bus

Current consumption E-bus typ. 330 mA typ. 470 mA
Current consumption power contacts -

Thermal power dissipation typ. 3 W

Dielectric strength - destruction limit

Max. permitted short-term/continuous voltage between each contact points 11, 12, +Uv
and —Uv: non-supplied +40 V, supplied +36 V

Note: -Uv corresponds to internal AGND

Recommended operation voltage range to
compliance with specification

Max. permitted voltage during specified normal operation between +I1 and +I2: typ. 10 V
against —Uv

Note: -Uv corresponds to internal AGND

Common data

ELM3002-00x0 ELM3004-00x0

Distributed Clocks

Yes, with Oversampling n = 1...100, accuracy << 1 s

Special features

Extended Range 107 %, freely configurable numeric filters, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold

Functional diagnosis

Yes

Electrical isolation channel/channel ?

no

Electrical isolation channel/E-Bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

Configuration

via the EtherCAT Master, e.g. TWinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the
signal cable.

') see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [P _853]

Basic mechanical properties

ELM3002-00x0 ‘ ELM3004-00x0

Connection type

2-pin push-in cage clamp, service plug

Dimensions (W x H x D)

See chapter Housing [» 830

ELM3xxx
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Basic mechanical properties

ELM3002-00x0 ELM3004-00x0

Mounting

on 35 mm rail conforms to EN 60715

Note Mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [P 834

Weight

Approx. 350 g

Permissible ambient temperature range
during operation

ELM300x-0000: -25...+60 °C
ELM300x-0030: 0...+55 °C

Permissible ambient temperature range
during storage

ELM300x-0000: -40...+85 °C
ELM300x-0030: -25...+85 °C

Environmental data

ELM3002-00x0 ‘ ELM3004-00x0

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3002-00x0 ‘ ELM3004-00x0

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC, cULus [» 890

EMC notes

In case of push-in and mini-TC connectors, ESD air discharges conforming to EN
61000-6-4 into the connectors or to the lines connected there can lead to measurement
deviations up to +FSV within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 that are applied to the cable shield can

lead to measurement deviations up to tFSV.

*) Real applicable approvals/markings see type plate on the side (product marking).
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3.4.21 ELM300x overview measurement ranges
Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2 wire +30V Extended +32.212..V
Legacy +30V
10V Extended +10.737..V
Legacy 10V
BV Extended +5.368.. V
Legacy 5V
25V Extended +2.684..V
Legacy 25V
+1.25V Extended +1.342..V
Legacy +1.25V
640 mV Extended +687.2.. mV
Legacy +640 mV
+320 mV Extended +343.6.. mV
Legacy +320 mV
+160 mV Extended +171.8.. mV
Legacy +160 mV
+80 mV Extended +85.9.. mV
Legacy +80 mV
+40 mV Extended +42.95.. mV
Legacy +40 mV
+20 mV Extended +21.474.. mV
Legacy +20 mV
Voltage 2 wire +10 V Extended 0...10.737..V
Legacy 0...10VvV
+5V Extended 0...5.368.. V
Legacy 0..5V
Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-Limit -Fsv 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607
(OxFF800000)  (OxFF88CA6C) (0x00000000) (0x00773594)  (OxO07FFFFF)

negative Range ositive Range
Range Error | g 9 p 9 1

Limit (2

Range Error
Limit (2

Underrange Area (*

Nominal Range

Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: FSV/8388607) i
-FSV 0 Value +FSV
-8388608 0 +8388607
(0xFF800000) . (0x00000000) . (0x007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2 Limit (2

Underrange
Limit (*

Overrange

Limit (*

Nominal / Technical Range

FSV = full scale value

Fig. 6: Overview measurement ranges, Bipolar
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Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-1% FSV 0 +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) N (0x00773594)  (0x007FFFFF)
positive Range
Range Error 0 value area | Range Error
Limit (2

Limit (2

Underrange Area (1 Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

0 +FSV
0 +8388607
(0x00000000) e & (0x007FFFFF)
Range Error positive Range Range Error
Limit (2 Limit (2
Underrange Overrange
Hmed Nominal / Technical Range Hmi

FSV = full scale value

Fig. 7: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.2.2 Measurement 30 V
ELM300x
Measurement mode 30V
Measuring range, nominal -30...+30 V
Measuring range, end value (FSV) 30V
Measuring range, technically usable -32.212...+32.212V
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 3.84 pv 983.04 pv
PDO LSB (Legacy Range) 3.576.. yv 915.55.. pv
Basic accuracy: Measuring deviation at 23°C, with averaging " < +0.0075 %, < 75 ppmegy typ.
<+2.25mV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < +0.011 %, < £110 ppmegy typ.
averaging V® < +3.30 mV typ.
Offset/Zero point deviation (at 23°C) " Eofrset < 20 ppMgsy
Gain/scale/amplification deviation (at Egain <60 ppm
23°C) "
Non-linearity over the whole measuring Ein < 40 ppmesy
range "
Repeatability, over 24 h, with averaging " |Eg., < 5.0 ppmegy
Temperature coefficient ” TCoain < 2 ppm/K typ.
TCotset < 1.5 ppmes,/K typ.
<45 pVIK typ.
Largest short-term deviation during a specified electrical interference +0.03 % = 300 ppmegy typ.
test
Input impedance *Input 1 Differential typ. 660 kQ || 11 nF
(internal resistance) CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of
predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “Process data overview” [P _568]

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <70 ppmegy < 547 digits <210 mV
Enoise, Rus <12 ppMmegy < 94 digits <0.36 mV
Max. SNR >98.4dB
Noisedensity@1kHz
y@ WV
<3.60 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <9 ppMesy < 70 digits < 270.0 mV
Enise, Rus < 1.5 ppMesy < 12 digits <45V
Max. SNR > 116.5dB
Common-mode rejection ratio (without filter), typ. DC: >100 dB 50 Hz: >80 dB 1 kHz: >60 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >100 dB 50 Hz: >100 dB 1 kHz: >100 dB
ELM3004 (10 ksps)
Noise (without filtering) Enoise, ptp < 60 ppmegy < 469 digits <1.80 mV
Enoise, rvs <12 ppmesy < 94 digits <0.36 mV
Max. SNR >98.4dB
Noisedensity@1kHz
Y@ IV
<5.09 VHz
Noise (with 50 Hz FIR filter) Enoise, pte < 8 ppMesy < 63 digits <0.24 mV
Enoise, RS < 1.5 ppmegy < 12 digits <45pv
Max. SNR >116.5dB
Common-mode rejection ratio (without filter), typ. DC: >100 dB 50 Hz: >80 dB 1 kHz: >60 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >100 dB 50 Hz: >100 dB 1 kHz: >100 dB
Extended Range Mode (Default): [Defined resolution: 3.84 pV /Step| ol
-32.212..V -30V ov +30V +32.212..V
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OXFF88CA6C) (0x00000000) (0X007FFFFF)

Range Error

negative Range

positive Range

(0x00773594)
|

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

-30V
-8388608
(OxFF800000)

Range Error

negative Range

[Calculated resolution: 3.576.. uV /Step|

ov
0
(0x00000000)

positive Range

+8388607
(0XO07FFFFF)

+30V

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 8: Representation £30 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.2.3 Measurement £10 V, 0...10 V

ELM300x

Measurement mode 10V 0...10V

Measuring range, nominal -10...+10 V 0...10V

Measuring range, end value (FSV) 10V

Measuring range, technically usable -10.737...+10.737 V 0...10.737 VvV

PDO resolution (including sign) 24 bit 16 bit 2 24 bit 16 bit ?
PDO LSB (Extended Range) 1.28 pv 327.68 uv 1.28 pv 327.68 pVv
PDO LSB (Legacy Range) 1.192.. pv 305.18.. pv 1.192.. pv 305.18.. pVv

Basic accuracy: Measuring deviation at 23°C, with
averaging "

< +0.005 %, < 50 ppmggy typ.
< +0.50 mV typ.

Extended basic accuracy: Measuring deviation at O...

< +0.009 %, < +90 ppmgsgy typ.

o H H 1) 6)
55°C, with averaging <+0.90 mV typ.

Offset/Zero point deviation (at 23°C) "V |Eggeer <15 ppmegy

Gain/scale/amplification deviation (at Egain <40 ppm

23°C) "

Non-linearity over the whole measuring |E;, < 25 ppMesy

range "

1F){epeatability, over 24 h, with averaging |Eg, < 2.5 ppMesy

Temperature coefficient TCgain < 2 ppm/K typ.

TCofset < 1.0 ppmesy/K typ.

<10 pV/K typ.

Largest short-term deviation during a specified electrical |+0.03 % = 300 ppmgsy typ.
interference test

Input impedance tInput 1

Differential typ. 4.1 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of
predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [» 568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uent)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <70 ppmegy < 547 digits <0.70 mV
Enoise, Rus <12 ppMesy < 94 digits <0.12mV
Max. SNR >98.4dB
Noisedensity@1kHz
y@ WV
<1.20 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <9 ppMesy < 70 digits <90 uv
Enise, Rus < 1.5 ppMesy < 12 digits <15V
Max. SNR > 116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115 dB 1 kHz: >115 dB
ELM3004 (10 ksps)
Noise (without filtering) Enoise, ptp < 60 ppmegy < 469 digits <0.60 mV
Enoise, Rus <12 ppmesy < 94 digits <0.12mV
Max. SNR >98.4dB
Noisedensity@1kHz
Y@ IV
<1.70 VHz
Noise (with 50 Hz FIR filter) Enoise, pte < 8 ppMesy < 63 digits <80 uv
Enoise, RS < 1.5 ppmegy < 12 digits <15pv
Max. SNR >116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB
Extended Range Mode (Default): [Defined resolution: 1.28 pV /Step| ol
-10.737..V -0V ov +10V +10.737..V
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OXFF88CA6C) (0x00000000) (0X007FFFFF)

Range Error

negative Range

positive Range

(0x00773594)
|

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

-10V
-8388608
(OxFF800000)

Range Error

Legacy Range Mode (Optional):

negative Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 1.192.. uV /Step|

ov
0
(0x00000000)

positive Range

+8388607
(0XO07FFFFF)

+10V

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 9: Representation £10 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Extended Range Mode (Default): [Defined resolution: 1.28 pV /Step| nlln
0.1V ov +10V +10.737..V
0 0 +7812500 +8388607

positive Range

0 value area

(0x00000000) (0x00000000) (0x00773594)  (0OxO07FFFFF)
I

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.1921..uV /Step| T
ov +10V
0 +8388607
(0x00000000) (0X007FFFFF)

positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 10: Representation 0...10 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.

ELM3xxx
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3424 Measurement 5V, 0..5V
ELM300x
Measurement mode 5V 0..5V
Measuring range, nominal -5..+5V 0..5V
Measuring range, end value (FSV) 5V
Measuring range, technically usable -5.368...+5.368 V 0...5.368 V
PDO resolution (including sign) 24 bit 16 bit 2 24 bit 16 bit ?
PDO LSB (Extended Range) 640 nV 163.84 pVv 640 nV 163.84 pVv
PDO LSB (Legacy Range) 596.. nV 152.59.. yv 596.. nV 152.59.. yv
Basic accuracy: Measuring deviation at 23°C, with < +0.005 %, < £50 ppmgsy typ.
7
averaging < £0.25 mV typ.
Extended basic accuracy: Measuring deviation at O... < +0.009 %, < £90 ppmgs, typ.

o H H 1) 6)
55°C, with averaging < £0.45 mV typ.

Offset/Zero point deviation (at 23°C) ¥ |Eggeet <15 ppMgsy

Gain/scale/amplification deviation (at Ecain <40 ppm

23°C) "

Non-linearity over the whole measuring  |E;, < 25 ppmegy

range "

1F){epeatability, over 24 h, with averaging |Ege, < 2.5 ppmgsy

Temperature coefficient TCqain < 2 ppm/K typ.

TCofset < 1.0 ppmesy/K typ.

<5 pV/K typ.

Largest short-term deviation during a specified electrical |£0.03 % = 300 ppmgsgy typ.
interference test

Input impedance *Input 1 Differential typ. 4.1 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of
predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [» 568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uent)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <70 ppmegy < 547 digits <0.35mV
Enoise, RS <12 ppMesy < 94 digits <60 pv
Max. SNR >98.4dB
Noisedensity@1kHz
y@ WV
<0.60 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <9 ppMesy < 70 digits <45 puv
Enoise, Riis < 1.5 ppmegy <12 digits <75uVv
Max. SNR > 116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115 dB 1 kHz: >115 dB
ELM3004 10 ksps)
Noise (without filtering) Enoise, ptp < 60 ppmegy < 469 digits <0.30 mV
Enoise, RS <12 ppmesy < 94 digits <60 pv
Max. SNR >98.4dB
Noisedensity@1kHz
Y@ IV
<0.85 VHz
Noise (with 50 Hz FIR filter) Enoise, pte < 8 ppMesy < 63 digits <40 pv
Enoise, RS < 1.5 ppmegy < 12 digits <7.5uv
Max. SNR >116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB
Extended Range Mode (Default): [Defined resolution: 640 nV /Step] i
-5.368..V -5V ov +5V +5.368..V
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OxFF88CA6C) (0x00000000) (0X007FFFFF)

negative Range
Range Error | g 9

positive Range

(0x00773594)
I

Range Error

Limit (2

Limit (2

Underrange Area (*

Nominal Range

Overrange Area (*

Legacy Range Mode (Optional):

-5V
-8388608
(OxFF800000)

Range Error

negative Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 596.. nV /Step| ikl

ov
0
(0x00000000)

positive Range

+5V
+8388607
(0x007FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (2

Nominal / Technical Range

Limit (2

Fig. 11: Representation £5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Extended Range Mode (Default): [Defined resolution: 640 nV /Step| il
-0.05V oV +5V 5.368..V
0 0 +7812500 +8388607
(0x00000000) (0x00000000) (0x00773594)  (0x007FFFFF)

0 value area positive Range

Range Error 1

Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 596.05.. nV /Step| T
ov +5V
0 +8388607
(0x00000000) (0x007FFFFF)

positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 12: Representation 0...5 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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3.4.25 Measurement 2.5V

ELM300x

Measurement mode 25V

Measuring range, nominal -25..425V

Measuring range, end value (FSV) 25V

Measuring range, technically usable -2.684...+2.684 V

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 320 nVv 81.92 yv
PDO LSB (Legacy Range) 298.. nV 76.29.. yv

Basic accuracy: Measuring deviation at 23°C, with averaging "

< +0.005 %, < £50 ppmgsy typ.
<+0.13 mV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "9

< +0.009 %, < £90 ppmgs, typ.
<+0.23 mV typ.

Offset/Zero point deviation (at 23°C) " Eofrset <15 ppMesy
Gain/scale/amplification deviation (at 23°C) " Egain <40 ppm
Non-linearity over the whole measuring range " E.in < 25 ppmegy
Repeatability, over 24 h, with averaging Erep < 2.5 ppmegy
Temperature coefficient ” TCsain < 2 ppm/K typ.
TCoftset < 1.0 ppmesy/K typ.
< 2.50 uV/K typ.

Largest short-term deviation during a specified electrical interference
test

+0.03 % = 300 ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. 4.1 MQ || 11 nF
CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of

predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <70 ppmegy < 547 digits <0.18 mV
Enoise, RS <12 ppMesy < 94 digits <30 pv
Max. SNR >98.4dB
Noisedensity@1kHz
y@ WV
<0.30 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <9 ppmegy < 70 digits <22.50 pv
Enoise, Riis < 1.5 ppmegy <12 digits <3.75pVv
Max. SNR > 116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115dB 1 kHz: >115dB
ELM3004 (10 ksps)
Noise (without filtering) Enoise, ptp < 60 ppmegy < 469 digits <0.15mV
ENoise, RMS <12 PPMesy <94 dlgItS <30 |JV
Max. SNR >98.4dB
Noisedensity@1kHz
Y@ IV
<042 VHz
Noise (with 50 Hz FIR filter) Enoise, pte < 8 ppMesy < 63 digits <20 pv
Enoise, Rus < 1.5 ppmgsy <12 digits <3.75pVv
Max. SNR >116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB
Extended Range Mode (Default): [Defined resolution: 320 nV /Step) ol
-2.684..V -2.5V ov +25V +2.684..V
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OXFF88CA6C) (0x00000000) (0X007FFFFF)

Range Error

negative Range

positive Range

(0x00773594)
|

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

-2.5V
-8388608
(OxFF800000)

Range Error

negative Range

[Calculated resolution: 298.. nV /Step|

ov
0
(0x00000000)

positive Range

+8388607
(0XO07FFFFF)

+2.5V

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 13: Representation +2.5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.2.6 Measurement #1.25V

ELM300x

Measurement mode .25V

Measuring range, nominal -1.25..41.25V

Measuring range, end value (FSV) 1.25V

Measuring range, technically usable -1.342...+1.342V

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 160 nV 40.96 pv
PDO LSB (Legacy Range) 149.. nV 38.14.. yv

Basic accuracy: Measuring deviation at 23°C, with averaging "

< +0.005 %, < £50 ppmgsy typ.
< $62.5 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "9

< +0.009 %, < £90 ppmgs, typ.

< 0.1 mV typ.
Offset/Zero point deviation (at 23°C) " Eofrset <15 ppMesy
Gain/scale/amplification deviation (at 23°C) " Egain <40 ppm
Non-linearity over the whole measuring range " E.n < 25 ppMmesy
Repeatability, over 24 h, with averaging Erep < 5.0 ppMeggy
Temperature coefficient TCgain < 2 ppm/K typ.

TCorset < 1.0 ppmes,/K typ.
<1.25 PV/K typ.

test

Largest short-term deviation during a specified electrical interference

+0.03 % = 300 ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. 4.1 MQ || 11 nF

CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of

predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <70 ppmegy < 547 digits < 87.50 pv
ENoise‘ RMS <12 PPMegy <94 dlgItS <15 HV
Max. SNR >98.4dB
Noisedensity@1kHz
y@ WV
<0.15 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <9 ppMesy < 70 digits <11.25 pv
Enoise, Rus < 1.5 ppmegy <12 digits <1.88 pv
Max. SNR > 116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115 dB 1 kHz: >115 dB
ELM3004 (10 ksps)
Noise (without filtering) Enoise, ptp < 60 ppmegy < 469 digits <75uv
Enoise, RS <12 ppmesy < 94 digits <15pv
Max. SNR >98.4dB
Noisedensity@1kHz
Y@ IV
<0.21 VHz
Noise (with 50 Hz FIR filter) Enoise, pte < 8 ppMesy < 63 digits <10 pv
Enoise, Rus < 1.5 ppmgsy <12 digits <1.88 pv
Max. SNR >116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB
Extended Range Mode (Default): [Defined resolution: 160 nV /Step) T
-1.490..V -1.25V ov +1.25V +1.490..V
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OXFF88CA6C) (0x00000000) (0X007FFFFF)

Range Error

negative Range

positive Range

(0x00773594)
|

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

-1.25V
-8388608
(OxFF800000)

Range Error

Legacy Range Mode (Optional):

negative Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 149.. nV /Step|

ov
0

(0x00000000)

positive Range

+8388607
(0XO07FFFFF)

+1.25V

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 14: Representation £1.25 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.2.7 Measurement £640 mV

ELM300x

Measurement mode 640 mV

Measuring range, nominal -640...+640 mV

Measuring range, end value (FSV) 640 mV

Measuring range, technically usable -687.2...+687.2 mV

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 81.92 nV 20.97152 pv
PDO LSB (Legacy Range) 76.29.. nV 19.53.. yv

Basic accuracy: Measuring deviation at 23°C, with averaging "

< +0.005 %, < £50 ppmgsy typ.
<+32.0 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "9

< +0.0095 %, < 95 ppmegy, typ.
< $60.8 pV typ.

Offset/Zero point deviation (at 23°C) " Eofrset < 20 ppMesy
Gain/scale/amplification deviation (at 23°C) " Egain <40 ppm
Non-linearity over the whole measuring range " E.in < 25 ppmegy
Repeatability, over 24 h, with averaging Erep < 5.0 ppMegy
Temperature coefficient ” TCsain < 2 ppm/K typ.
TCoftset < 1.5 ppmes,/K typ.
<0.96 pV/K typ.

test

Largest short-term deviation during a specified electrical interference

+0.03 % = 300 ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. 4.1 MQ || 11 nF
CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of

predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <70 ppmegy < 547 digits <44.80 v
Enoise, rus < 12 ppMesy < 94 digits <7.68 uv
Max. SNR >98.4dB
Noisedensity@1kHz
y@ WV
<0.08 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <9 ppMesy < 70 digits <576 pv
Enoise, Rus < 1.5 ppmegy <12 digits <0.96 pv
Max. SNR > 116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115 dB 1 kHz: >115 dB
ELM3004 (10 ksps)
Noise (without filtering) Enoise, ptp < 60 ppmegy < 547 digits <44.80 pv
Enoise, rvs <14 ppmesy < 109 digits <8.96 pv
Max. SNR >97.1dB
Noisedensity@1kHz
Y@ IV
<0.13 VHz
Noise (with 50 Hz FIR filter) Enoise, pie < 8 ppmegy < 63 digits <512 pVv
Enoise, Rus < 1.5 ppmgsy <12 digits <0.96 pv
Max. SNR >116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB
Extended Range Mode (Default): [Defined resolution: 81.92 nV /Step) T
-687.2.. mV -640 mV ov +640 mV +687.2.. mV
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OXFF88CA6C) (0x00000000) (0X007FFFFF)

negative Range
Range Error | g g

positive Range

(0x00773594)
|

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Legacy Range Mode (Optional):

-640 mV ov
-8388608 0
(OxFF800000) (0x00000000)

negative Range

Range Error

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 76.294.. nV /Step|

positive Range

+8388607
(0XO07FFFFF)

+640 mV

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 15: Representation £640 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.2.8 Measurement £320 mV

ELM300x

Measurement mode 320 mV

Measuring range, nominal -320...+320 mV

Measuring range, end value (FSV) 320 mV

Measuring range, technically usable -343.6...+343.6 mV

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 40.96 nV 10.48576 pVv
PDO LSB (Legacy Range) 38.14..nV 9.765.. pv

Basic accuracy: Measuring deviation at 23°C, with averaging "

< +0.0065 %, < +65 ppmegy typ.
< +20.8 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "9

<+0.0115 %, < £115 ppmgs, typ.
< +36.8 pV typ.

Offset/Zero point deviation (at 23°C) " Eofrset < 40 ppMmesy
Gain/scale/amplification deviation (at 23°C) " Egain <40 ppm
Non-linearity over the whole measuring range " Ein < 30 ppMesy
Repeatability, over 24 h, with averaging Erep < 5.0 ppMegy
Temperature coefficient ” TCsain < 2 ppm/K typ.
TCoftset < 2.0 ppmesy/K typ.
< 0.64 uVIK typ.

test

Largest short-term deviation during a specified electrical interference

+0.03 % = 300 ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. 4.1 MQ || 11 nF
CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of

predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e < 80 ppmegy < 625 digits < 25.60 pv
Enoise, rvs < 14 ppmegy < 109 digits <448 pv
Max. SNR >97.1dB
Noisedensity@1kHz
nVvV
<44.80 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <9 ppMesy < 70 digits <2.88 v
Enoise, Rus < 1.5 ppmegy <12 digits <0.48 pv
Max. SNR > 116.5dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115 dB 1 kHz: >115 dB
ELM3004 (10 ksps)
Noise (without filtering) Enoise, ptp < 80 ppmegy < 625 digits < 25.60 pv
Enoise, Rus < 16 ppMesy < 125 digits <512 pVv
Max. SNR >95.9dB
Noisedensity@1kHz
nv.
<72.41 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < 8 ppMesy < 63 digits <2.56 pv
Enoise, Rus < 1.6 ppMegy < 13 digits <0.51 pv
Max. SNR >115.9dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB

Extended Range Mode (Default):

[Defined resolution: 40.96 nV /Step)

-343.6.. mV -320 mV ov +320 mV +343.6.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF8BCAGC) . (0x00000000) . (0x00773594)  (OXO07FFFFF)
negative Range positive Range
Range Error | | Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Legacy Range Mode (Optional):

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 38.147.. nV /Step|

-320 mV ov +320 mV
-8388608 0 +8388607
(0xFF800000) ) (0x00000000) . (0X007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 16: Representation £320 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.29 Measurement £160 mV

ELM300x

Measurement mode 160 mV

Measuring range, nominal -160...+160 mV

Measuring range, end value (FSV) 160 mV

Measuring range, technically usable -171.8...+171.8 mV

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 20.48 nV 5.24288 pVv
PDO LSB (Legacy Range) 19.07.. nV 4.882.. uv

Basic accuracy: Measuring deviation at 23°C, with averaging "

< +0.0085 %, < +85 ppmggy typ.
<+13.6 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "9

< +0.0155 %, < £155 ppmgs, typ.
< $24.8 pV typ.

Offset/Zero point deviation (at 23°C) " Eofrset < 65 ppMesy
Gain/scale/amplification deviation (at 23°C) " Egain <40 ppm
Non-linearity over the whole measuring range " Ein < 35 ppMesy
Repeatability, over 24 h, with averaging Erep < 5.0 ppMegy
Temperature coefficient ” TCsain < 2 ppm/K typ.
TCoftset < 3.5 ppMmesy/K typ.
< 0.56 pV/K typ.

test

Largest short-term deviation during a specified electrical interference

+0.03 % = 300 ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. 4.1 MQ || 11 nF
CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of

predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <110 ppMgsy < 859 digits <17.60 pv
Enoise, rvs <19 ppmegy < 148 digits <3.04 pv
Max. SNR >94.4dB
Noisedensity@1kHz
nVvV
<30.40 VHz
Noise (with 50 Hz FIR filter) Encise, ptp <12 ppMmegy < 94 digits <1.92 yv
Enoise, Rus < 2.0 ppmegy < 16 digits <0.32 pv
Max. SNR > 114 dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115 dB 1 kHz: >115 dB
ELM3004 (10 ksps)
Noise (without filtering) Enoise, ptp < 95 ppmegy < 742 digits <15.20 pv
Enoise, rvs < 18 ppmesy < 141 digits <2.88 uv
Max. SNR >949dB
Noisedensity@1kHz
nv.
<40.73 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <10 ppMegy < 78 digits <1.60 pv
Enoise, Rus < 2.0 ppmegy < 16 digits <0.32 pv
Max. SNR > 114 dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB

Extended Range Mode (Default):

[Defined resolution: 20.48 nV /Step)

-171.8.. mV -160 mV ov +160 mV +171.8.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF8BCAGC) . (0x00000000) . (0x00773594)  (OXO07FFFFF)
negative Range positive Range
Range Error | | Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Legacy Range Mode (Optional):

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 19.07.. nV /Step|

-160 mV ov +160 mV
-8388608 0 +8388607
(0xFF800000) ) (0x00000000) . (0X007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 17: Representation £160 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.2.10 Measurement ¥80 mV
ELM300x
Measurement mode 80 mV
Measuring range, nominal -80...+80 mV
Measuring range, end value (FSV) 80 mV
Measuring range, technically usable -85.9...485.9 mV
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 10.24 nV 2.62144 pVv
PDO LSB (Legacy Range) 9.536.. nV 2.441.. pv
Basic accuracy: Measuring deviation at 23°C, with averaging " <0.011 %, < £110 ppmegy typ.
< +8.8 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "9

< +0.0205 %, < 205 ppmgs, typ.
<+16.4 pV typ.

Offset/Zero point deviation (at 23°C) " Eofrset < 95 ppMesy
Gain/scale/amplification deviation (at 23°C) " Egain <40 ppm
Non-linearity over the whole measuring range " E.in < 40 ppmegy
Repeatability, over 24 h, with averaging Erep < 7.5 ppMmegy
Temperature coefficient ” TCsain < 2 ppm/K typ.
TCoftset < 5.0 ppmesy/K typ.
< 0.40 pV/K typ.

test

Largest short-term deviation during a specified electrical interference

+0.03 % = 300 ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. 4.1 MQ || 11 nF
CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of

predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <190 ppMgsy < 1484 digits <15.20 pv
Enoise, rvs < 32 ppmegy < 250 digits <2.56 pVv
Max. SNR >89.9dB
Noisedensity@1kHz
nVvV
<2560 VHz
Noise (with 50 Hz FIR filter) Encise, ptp < 20 ppmegy < 156 digits <1.60 pVv
Enoise, Rus < 4.0 ppmegy < 31 digits <0.32 pv
Max. SNR > 108 dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115dB 1 kHz: >115dB

ELM3004 (10 ksps)

Noise (without filtering) Enoise, ptp <150 ppmgsy <1172 digits <12.0 pv
Enoise, Rus < 27 ppMesy < 211 digits <216 pVv
Max. SNR >91.4dB
Noisedensity@1kHz
nVv
<30.55 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <16 ppMegy < 125 digits <1.28 pv
Enoise, Rus < 3.5 ppmegy < 27 digits <0.28 pv
Max. SNR >109.1 dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB
Extended Range Mode (Default): [Defined resolution: 10.24 nV /Step) T
-85.9.. mV -80 mV ov +80 mV +85.9.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFFBBCAGC) . (0x00000000) . (0x00773594)  (OX007FFFFF)
Range Error | negative Range positive Range | Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Legacy Range Mode (Optional):

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 9.537.. nV /Step|

-80 mV ov +80 mV
-8388608 0 +8388607
(0xFF800000) . (0x00000000) . (0x007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 18: Representation +80 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.4.2.11 Measurement 40 mV
ELM300x
Measurement mode 40 mV
Measuring range, nominal -40...+40 mV
Measuring range, end value (FSV) 40 mV
Measuring range, technically usable -42.95...+42.95 mV
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 5.12nV 1.31072 pv
PDO LSB (Legacy Range) 4.768.. nV 1.220.. pv
Basic accuracy: Measuring deviation at 23°C, with averaging " < +0.0205 %, < 205 ppmgsy typ.
< 8.2 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "9

< +0.0395 %, < +395 ppmgs, typ.
<+15.8 pV typ.

Offset/Zero point deviation (at 23°C) " Eofrset <190 ppmegy
Gain/scale/amplification deviation (at 23°C) " Egain < 50 ppm
Non-linearity over the whole measuring range " Ein < 60 ppMesy
Repeatability, over 24 h, with averaging Erep <10.0 ppmgsy
Temperature coefficient ” TCsain < 3 ppm/K typ.
TCoftset <10.0 ppmes/K typ.
< 0.40 pV/K typ.

Largest short-term deviation during a specified electrical interference
test

+0.03 % = 300 ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. 4.1 MQ || 11 nF
CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of

predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e < 360 ppmgsy < 2813 digits <14.40 pv
Enoise, rvs < 60 ppmegy < 469 digits <240 pVv
Max. SNR >84.4dB
Noisedensity@1kHz
nVv
<240 VHz
Noise (with 50 Hz FIR filter) Encise, ptp < 40 ppmegy < 313 digits <1.60 pVv
Enoise, Rus < 8.0 ppmesy < 63 digits <0.32 pv
Max. SNR >101.9dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115dB 1 kHz: >115dB

ELM3004 (10 ksps)

Noise (without filtering) Enoise, ptp < 280 ppmgsy < 2188 digits <11.20 pv
Enoise, Rus < 50 ppMesy < 391 digits <2.0pv
Max. SNR > 86.0 dB
Noisedensity@1kHz
nVv
<28.28 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < 34 ppmegy < 266 digits <1.36 pVv
Enoise, Rus < 7.0 ppmegy < 55 digits <0.28 pv
Max. SNR >103.1 dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB
Extended Range Mode (Default): |Defined resolution: 5.12 nV /Step| T
-42.95.. mV -40 mV ov +40 mV +42.95.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFFBBCAGC) . (0x00000000) . (0x00773594)  (OX007FFFFF)
Range Error | negative Range positive Range | Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Legacy Range Mode (Optional):

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 4.768.. nV /Step|

-40 mV ov +40 mV
-8388608 0 +8388607
(0xFF800000) ) (0x00000000) . (0X007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 19: Representation +40 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

54

Version: 2.18

ELM3xxx



BEGKHOFF Product overview

3.4.212 Measurement 20 mV
ELM300x
Measurement mode 20 mV
Measuring range, nominal -20...+20 mV
Measuring range, end value (FSV) 20 mV
Measuring range, technically usable -21.474...+21.474 mV
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 2.56 nV 655.36 nV
PDO LSB (Legacy Range) 2.384..nV 610.37.. nV
Basic accuracy: Measuring deviation at 23°C, with averaging " < 0.04 %, < +400 ppmgsy typ.

< 8.0 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < 0.077 %, < £770 ppmegy typ.
averaging V® <+15.4 pV typ.
Offset/Zero point deviation (at 23°C) " Eofrset < 380 ppmegy
Gain/scale/amplification deviation (at 23°C) " Egain <60 ppm
Non-linearity over the whole measuring range " E.n < 100 ppmgsy
Repeatability, over 24 h, with averaging Erep < 25.0 ppMesy
Temperature coefficient TCgain < 4 ppm/K typ.

TCorset <20.0 ppmes, /K typ.

< 0.40 pVIK typ.
Largest short-term deviation during a specified electrical interference < +0.04% = 400 ppmgsy typ.
test
Input impedance *Input 1 Differential typ. 4.1 MQ || 11 nF
(internal resistance) CommonMode typ. 40 nF against SGND

") Valid for ELM3002 from HW04, ELM3004 from HWO05, production since mid of 2021; specifications of
predecessor-HW on request

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002 (20 ksps)

Noise (without filtering) Encise, e <700 ppMmgsy < 5469 digits <14.00 pv
Enoise, rvs <120 ppmggy < 938 digits <240 pVv
Max. SNR >78.4dB
Noisedensity@1kHz
nVv
<240 VHz
Noise (with 50 Hz FIR filter) Encise, ptp < 80 ppmegy < 625 digits <1.60 pVv
Enoise, Rus <16.0 ppmegy < 125 digits <0.32 pv
Max. SNR >95.9dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >115dB 50 Hz: >115dB 1 kHz: >115dB

ELM3004 (10 ksps)

Noise (without filtering) Enoise, ptp < 560 ppmegsy < 4375 digits <11.20 pv
Enoise, Rus <100 ppmesy < 781 digits <2.0uVv
Max. SNR > 80.0dB
Noisedensity@1kHz
nv.
<2828 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <70 ppmegy 547 <1.40 pv
Enoise, rvs <14.0 ppmesy <109 digits <0.28 pv
Max. SNR >97.1dB
Common-mode rejection ratio (without filter), typ. DC: >115dB 50 Hz: >105 dB 1 kHz: >80 dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC:>115dB 50 Hz: >115 dB 1 kHz: >115 dB

Extended Range Mode (Default): |Defined resolution: 2.56 nV /Step| il

Limit (2 Limit

Underrange Area (* Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

-21.474.. mV -20 mV ov +20 mV +21.474.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF8BCAGC) . (0x00000000) . (0x00773594)  (OXO07FFFFF)
negative Range positive Range
Range Error | | Range Error

@

Legacy Range Mode (Optional): [Calculated resolution: 2.384.. nV /Step| il

-20 mV ov +20 mV
-8388608 0 +8388607
(0xFF800000) (0x00000000) - (0XO07FFFFF)
Range Error p05|t|ve Range Range Error

Limit (2

Underrange
Limit (*

Limit (2

Overrange

Nominal / Technical Range

Limit (*

Fig. 20: Representation £20 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range

is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.
In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.5 ELM3002-0205

3.5.1 ELM3002-0205 — Introduction
Y i ELma002-0205
L +—— Run LED
+— OK-LED Channel 1 i
: '
i E Y drout | e e !
’ | * e L
Channel 1— | Xi A :
i H
> () -Input i
L O E
: semmsmmemmsmmsseand  EtherCAT
OK-LED Channel 2 P
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= f_:; Input h E

Fig. 21: ELM3002-0205

A DANGER

Device for connection to hazardous voltage, observe instructions! [P 59]

2-channel analog input terminal 60 V...x1200 V, 24-bit, 50 ksps, electrically isolated, 4 mm socket

The ELM3002-0205 EtherCAT Terminal from the basic series is designed for high-voltage measurement on
batteries and generators and supports the 60/360/600 and 1200 V measuring ranges. The measuring range
is selected in the CoE, as are the other setting options, e.g. the filter parameters. Regardless of the signal
configuration, all ELM3x0x terminals have similar technological properties, the ELM3002-0205 with
oversampling offers a maximum sampling rate of 50,000 samples per second and channel. The terminal is
equipped with 4 mm safety laboratory sockets.

Optional calibration certificate:
+ with factory working standard calibration certificate as ELM3002-0225: on request
+ externally calibrated (ISO17025 or DAkkS) as ELM3002-0235: available
» Recalibration service via Beckhoff Service: on request.

Comprehensive documentation is available from Beckhoff Sales, Support or measurement@beckhoff.com.
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Quick links

e ELM3002-0205 — Safety instructions [» 59]

e EtherCAT basics

e Mounting and wiring [» 832]

* Process data overview [P 568]

¢ Connection view

* Object description and parameterization [P 575]

Also see about this
ELM3002-0205 — Safety instructions [ 59]
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3.5.2

ELM3002-0205 — Safety instructions

Risk of injury due to electric shock/arcing/burning
The following instructions (Part I) must be observed

» The operator must ensure that this product is only installed and operated in perfect
working order and by sufficiently qualified and authorized personnel.

* Intended use: industrial, stationary indoor use:
The ELM3xxx terminals extend the field of application of the Beckhoff Bus Terminal
system with functions for measuring sensor signals via voltage, current or resistance.
The intended field of application is data acquisition and control tasks in industrial
automation. Use of the terminal beyond its intended use is not permitted.

» The decision to use and release for operation must be made by an electrotechnical
specialist in accordance with the applicable safety rules (occupational health and safety)
for the application. National regulations may have to be observed.

» The cables and plugs used must be in the required measuring category or be approved
for the applied voltages. Note: when laying such cables, it may be necessary to comply
with installation specifications, such as those specified in EN 60204.

* The metal terminal parts must be connected to the system protectional earth (PE)
(supplied M4x8 housing screw and ring cable lug so that at least 2 mm load-bearing
thread length in the ELM housing is engaged). A torque of 1 - 1.2 Nm must be applied.
Longer screws are not permitted.

 For protection against direct contact, the terminal must be installed in a control cabinet
that complies with protection class IP54 or higher in accordance with EN 60529. The
control cabinet must be connected to the system protectional earth (PE). The supply of
voltages > 60 V DC / 48 V AC when the control cabinet is open is not permitted.

* Do not use the terminal in a damp or explosive environment. Check the installation
regularly for contamination.

* When measuring unearthed potentials, an insulation monitor must be provided,;
operation must be interrupted in the event of an earth fault.

» Check the terminal before, during and after installation and periodically during breaks in
operation for visible damage, such as damaged/cracked sockets/cables/plugs and loose
parts. If damage is present, commissioning or further operation is prohibited.

» Ensure that the device and the wiring are de-energized on the field and bus side during
installation/assembly/testing/disassembly. The 5 safety rules of electrical engineering
must be observed:

- De-energize

- Secure against reconnection

- Ensure that no voltage is present
- Ground and short-circuit

- Cover or isolate adjacent live parts

* Do not open the terminal or interfere with the interior of the terminal.

» The terminal may only be used in areas with a pollution degree of at least 2 (non-
conductive pollution) in accordance with IEC 60664-1.

» The ambient conditions regarding temperature, humidity, heat dissipation, EMC and
vibrations, as specified in the operating instructions under technical data, must be
observed.

ELM3xxx

Version: 2.18 59



Product overview BEGKHOFF

/\

Risk of injury due to electric shock/arcing/burning
The following instructions (Part II) must be observed

« If there is a possibility that the unlocked 4 mm plugs could come loose due to vibration,
thereby creating a hazard, the shielding hood ZS9100-0003 (accessory) must be
installed or another method of securing the plugs must be used.

* When operating in a warm environment, the terminal housing can become hot; the
highly thermally conductive metal surface increases the temperature sensation when
touched. Prolonged contact with the surface should then be avoided.

« After final decommissioning or in the event of damage, the terminal must be clearly
marked and, if necessary, disposed of in such a way as to prevent hazards from
careless use.

Notes on operation
The following instructions must be observed

NOTICE

The terminal requires a head station (embedded PC, coupler) that generates the E-bus voltage for
operation. To ensure that the insulating strength is not exceeded, the potential of the E-bus to the PE
potential (housing) must be defined. The terminal therefore has an internal high-resistance connection
between PE/SGND and the E-bus. For this reason, the following applies to the selection of the terminal
head station

- EKM1101/ELM9410: possible, since the E-bus supply is electrically isolated

- EK11xx/EK15xx/CXxxx: these devices generate the E-bus supply without electrical isolation to Us/Up if
required. The Us/Up fed in for the supply must either be electrically isolated or grounded (negative pole,
ground — PE), there must be no connection to any other potential.

- Note: In order to meet this specification in a testable manner, it may be useful to operate the terminal(s)
on a separate head station.

The installation of an external transient protection of max. 6 kV is recommended to keep short-term
overvoltages away from the measuring instrument. Its functionality must be monitored.

The terminal mounted on the DIN rail must be covered on the right by either a subsequent terminal or
the EL9011 bus end cap.

SELV/PELYV circuits (Safety Extra Low Voltage, Protective Extra Low Voltage) according to
IEC 61010-2-201 must be used to supply this device.

It is recommended to fuse the signal supply lines according to the state of the art, but with a maximum of
1A.
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3.5.3

ELM3002-0205 - Technical data

Technical data

ELM3002-0205

Analog inputs

2 channels

Time relation between channels

Simultaneous conversion of all channels in the terminal, synchronous
conversion between terminals if DistributedClocks is used

ADC conversion method

A% (deltaSigma) with internal 8 Msamples/s sample rate

Ground reference

Differential

Input filter limit frequency for hardware
(see explanations in chapter
Firmware filter concept, ELM3xxx documentation)

Before AD converter: Hardware low-pass -3 dB @ 330 kHz, type: Butterworth
4th order

In the AD converter after conversion: adjustable low-pass filter

- for short settling time: Sinc3/mean filter, -3 dB@13.1 kHz, settling time tbd
- for flat frequency response: wide-range low ripple filter, -3 dB @ 21.7 kHz,
<-100 dB @ 25 kHz, settling time > 10ms

The ramp-up time/ settling time/ delay caused by the filtering will be
considered within the DistributedClocks-Timestamp

Resolution

24-bit (including sign)

Connection technology

2-wire

Sampling rate

20 ps/50 kSps per channel, fixed

Then free down sampling by Firmware via decimation factor

Oversampling

1...100 can be selected

Supported EtherCAT cycle time
(dependent on operation mode)

DistributedClocks: min. 100 ps, max. 10 ms
FrameTriggered/Synchronous: min. 200 ys, max. 100 ms
FreeRun: not yet supported

Connection diagnosis

Internal analog ground AGND

Not accessible

Surge voltage protection of the inputs, based on AGND
(internal ground)

Internal power supply via E-bus
Current consumption via E-bus typ. 400 mA
Current consumption of power contacts -

Thermal power dissipation typ. 3 W

Dielectric strength — destruction limit

See information on electrical isolation

Recommended operating voltage range for compliance
with specification

See information on electrical isolation

Common data

ELM3002-0205

Distributed Clocks

Yes, with oversampling n = 1...100, accuracy << 1 ps

Special features

ExtendedRange 107 % and 400%, free numeric filter, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold

Functional diagnosis

Yes

Electrical isolation
channel/channel ?

Reinforced insulation in accordance with EN 61010-2-030, EN60664-1
6 kV DC, 5 sec ramp, 2 sec hold production test
Type test: 13 kV DC, 1 min

Max. operating voltage range (continuous, operation without CAT
measurement category, i.e. without transient overvoltages):

Upirr: £1288 Vpear

Uge: #1000 V DC / AC

Ucw: 21000 V DC / AC4

For an explanation of terms, see ¥

Electrical isolation
channel/E-bus ?

Reinforced insulation in accordance with EN 61010-2-030, EN60664-1
6 kV DC, 5 sec ramp, 2 sec hold production test
Type test: 13 kV DC, 1 min

Max. operating voltage range (continuous, operation without CAT
measurement category, i.e. without transient overvoltages):

Upitr: £1288 Vpear

Uge: #1000 V DC / AC

Ucw: 21000 V DC / AC4

For an explanation of terms, see ¥

Electrical isolation
channel/SGND 2

Reinforced insulation in accordance with EN 61010-2-030, EN60664-1
6 kV DC, 5 sec ramp, 2 sec hold production test
Type test: 13 kV DC, 1 min

ELM3xxx
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Common data

ELM3002-0205

Max. operating voltage range (continuous, operation without CAT
measurement category, i.e. without transient overvoltages):

Upir: 1288 Vpeu

Uge: #1000 V DC / AC

Ucu: 21000 V DC / AC4

For an explanation of terms, see ¥

Measurement category / overvoltage category

1000 V CAT II; according to EN 61010-2-030
in preparation: 1000 V CAT lIl, 600 V CAT IV; according to EN 61010-2-030
1500 V DC upon request

Notes:

- the definition of the measurement category is an environmental definition, it
defines, among other things, the expected overvoltages

- the voltage values stand for DC and AC,; with a sinusoidal signal. From
FSV,...= 1200 V, a max. sinusoidal voltage of UAC, offset = 848 V is
obtained. For non-sinusoidal signals, the peak value may not be higher than
the specified DC value.

Configuration

via the EtherCAT Master, e.g. TWinCAT

Note to cable length

") see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [» 853]

%) Explanation Up Uge Uy,

o (R
UDIFF USE R>aMa 1
o |y
CM
USE

Basic mechanical
properties

ELM3002-0205

Connection type

4 mm safety laboratory socket, touch-protected, maintenance plug

Dimensions (W x H x D)

30 mm x 100 mm x 102 mm, see chapter Housing [ 830], ELM3xxx
documentation

Mounting

on 35 mm rail conforms to EN 60715

Note mounting

Plugs not within scope of delivery, see chapter

Notes on connection technology [P_834], ELM3xxx documentation

Weight Approx. 350 g
Permissible ambient temperature range during operation|0...+55 °C

(-25...+60 °C approval in preparation)
Permissible ambient temperature range during storage |-40...+85 °C

Environmental data

ELM3002-0205

Permissible operating altitude range

0 up to 2000 m (according to EN 61010-1)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Pollution level

2 or better (according to EN 61010-1)

Normative data

ELM3002-0205

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-immunity/ emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE

UL in preparation

62
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Normative data ELM3002-0205

EMC notes Contact discharges conforming to EN61000-6-4 onto the terminal enclosure
can lead to measurement deviations up to tFSV on all channels.

The use of EKM1101 or EL9540-0010 is recommended against fast transient
disturbances conforming to EN61000-4-4 (Burst) that affect the entire station.

*) Real applicable approvals/markings see type plate on the side (product marking).

Also see about this
UL notice [ 890]
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3.5.3.1 ELM3002-0205 overview measurement ranges
Measurement Connection FSV / Interface Mode displayed maximum value/value
range
Voltage 2-wire +1200 V with Extended 400% * approx. 5 kV
Extended Legacy *** approx. =5 kV
Overrange **
+1200 V Extended 107% *) +1288.44..V
Legacy +1200 V
600 V Extended 107% *) +644.22.. V
Legacy +600 V
+360 V Extended 107% * +386.532.. V
Legacy +360 V
60 V Extended 107% *) +64.422..V
Legacy +60 V

*) The measurement uncertainty in overrange is not specified.

**) Voltages > 1200 V only intended for the purpose of transient monitoring, not as a permanent
measurement voltage, channel measures up to the technical FSV

***) In £1200 V with Extended Overrange, Legacy corresponds to 0x007FFFFF ~ 1200 V, but in contrast to
the other legacy modes, overrange is also measured up to the specified maximum value, see the following

diagram

Extended Range Mode (Default): [Defined resolution: FSV/7812500]

Limit (2

-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF88CA6C) X (0x00000000) . (0x00773594)  (Ox007FFFFF)
negative Range positive Range
Range Error | | Range Error

Limit (2

Underrange Area (1 Overrange Area (1

Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: FSV/8388607)

negative Range positive Range

Range Error
Limit (2

-FSV 0 Value +FSV
-8388608 0 +8388607
(0xFF800000) (0x00000000) (0x007FFFFF)

Range Error
Limit (2

Underrange Overrange
Hme Nominal / Technical Range Hme
FSV = full scale value
Fig. 22: Overview measurement ranges, Bipolar
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Extended Range Mode (400 %) :

[Defined resolution: FSV/7812500] T

-Limit -FSV 0 Value +FSV +Limit
approx. -32500000 -7812500 0 +7812500 approx. +32500000
(OxFE1016E0) (OxFF88CAGC) . (0x00000000) . (0x00773594)  (0x01EFES20)
Range Error | negative Range positive Range |

Limit (2

Range Error
Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (400 %) :

[Calculated resolution: FSV/8388607] T

-Limit -MBE 0 Value +MBE +Limit
approx. -34950000 -8388608 0 +8388607 approx. +34950000
(OxFDEAB490) (0xFF800000) . (0x00000000)
negative Range
Range Error |

- (0x007FFFFF)  (0x02154B70)
positive Range |

Range Error
Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (*

Technical Range
FSV = full scale value

Fig. 23: Overview measurement ranges, Bipolar (FSV Range)

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.5.3.2 Measurement £1200 V

ELM3002-0205 (preliminary data)

Measurement mode *1200 V

Measuring range, nominal -1200 ...+1200 V

Measuring range, end value (FSV) 1200 V

Measuring range, technically usable -1288.49...+1288.49 V

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 153.6 pv 39.32.. mV
PDO LSB (Legacy Range) 143.05.. yv 36.62.. mV

Preliminary specifications:

Measurement mode *1200 V
Basic accuracy: Measuring deviation at 23°C, with averaging " < +0.02%g, < * 200 ppmesy typ.
<10.24 V typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with <t tbd., <=*tbd. ppmggy, typ.
averaging V® < thd. pV typ.
Offset/Zero point deviation (at 23°C) " Eofrset < thd. ppMisy
Gain/scale/amplification deviation (at 23°C) " Egain < thd. ppm
Non-linearity over the whole measuring range " E.in <tbd. ppmegy
Repeatability ” Egep < thd. ppmgsy
Temperature coefficient ” TCaain < 50 ppm/K typ.
TCoftset < thd. ppmes\/K typ.
<tbd. uV/K typ.
Largest short-term deviation during a specified electrical interference < % tbd. = thd. ppmgg, typ.
test
Input impedance *Input 1 differential typ. approx. > 10 MQ || < 1nF
(internal resistance) CommonMode typ. against SGND: tbd.

?) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [P 568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pien, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002-0205 (50 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
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3.5.3.3 Measurement £600 V

ELM3002-0205 (preliminary data)

Measurement mode 1600 V

Measuring range, nominal -600 ...+600 V

Measuring range, end value (FSV) 600 V

Measuring range, technically usable -644.24...+644.24

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 76.8 uv 19.66.. mV
PDO LSB (Legacy Range) 71.52.. yv 18.31.. mV

Preliminary specifications:

Measurement mode 600 V
Basic accuracy: Measuring deviation at 23°C, with averaging " < +0.02 %gsy, < £ 200 ppmesy typ.
<%0.12 V typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with <t tbd., <=*tbd. ppmggy, typ.
averaging V® < thd. pV typ.
Offset/Zero point deviation (at 23°C) " Eofrset < thd. ppMisy
Gain/scale/amplification deviation (at 23°C) " Egain < thd. ppm
Non-linearity over the whole measuring range " E.in <tbd. ppmegy
Repeatability ” Egep < thd. ppmgsy
Temperature coefficient ” TCaain < 50 ppm/K typ.
TCoftset < thd. ppmes\/K typ.
<tbd. uV/K typ.
Largest short-term deviation during a specified electrical interference < % tbd. = thd. ppmgg, typ.
test
Input impedance *Input 1 differential typ. approx. > 10 MQ || < 1nF
(internal resistance) CommonMode typ. against SGND: tbd.

?) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [P 568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pien, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002-0205 (50 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
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3.5.34 Measurement £360 V

ELM3002-0205 (preliminary data)

Measurement mode 1360 V

Measuring range, nominal -360 ...+360 V

Measuring range, end value (FSV) 360 V

Measuring range, technically usable -386.547...+386.547 V

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 46.08 pv 11.79.. mV
PDO LSB (Legacy Range) 42.91.. pv 10.98.. mV

Preliminary specifications:

Measurement mode 360 V
Basic accuracy: Measuring deviation at 23°C, with averaging " < +0.02%g, < * 200 ppmesy typ.
<x72mVtyp.
Extended basic accuracy: Measuring deviation at 0...55°C, with <t tbd., <=*tbd. ppmggy, typ.
averaging V® < thd. pV typ.
Offset/Zero point deviation (at 23°C) " Eofrset < thd. ppMisy
Gain/scale/amplification deviation (at 23°C) " Egain < thd. ppm
Non-linearity over the whole measuring range " E.in <tbd. ppmegy
Repeatability ” Egep < thd. ppmgsy
Temperature coefficient ” TCaain < 50 ppm/K typ.
TCoftset < thd. ppmes\/K typ.
<tbd. uV/K typ.
Largest short-term deviation during a specified electrical interference < % tbd. = thd. ppmgg, typ.
test
Input impedance *Input 1 differential typ. approx. > 10 MQ || < 1nF
(internal resistance) CommonMode typ. against SGND: tbd.

?) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [P 568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pien, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002-0205 (50 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
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3.5.3.5 Measurement 60 V

ELM3002-0205 (preliminary data)

Measurement mode 60 V

Measuring range, nominal -60 ...+60 V

Measuring range, end value (FSV) 60V

Measuring range, technically usable -64.414...+64.414 V

PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 7.68 uv 1.966 mV
PDO LSB (Legacy Range) 7.152.. yv 1.831.. mV

Preliminary specifications:

Measurement mode 60 V
Basic accuracy: Measuring deviation at 23°C, with averaging " < +0.02 %gsy, < £ 200 ppmesy typ.

<z 12mVtyp.
Extended basic accuracy: Measuring deviation at 0...55°C, with <t tbd., <=*tbd. ppmggy, typ.
averaging V® < thd. pV typ.
Offset/Zero point deviation (at 23°C) " Eofrset < thd. ppMisy
Gain/scale/amplification deviation (at 23°C) " Egain < thd. ppm
Non-linearity over the whole measuring range " E.in <tbd. ppmegy
Repeatability ” Egep < thd. ppmgsy
Temperature coefficient ” TCaain < 50 ppm/K typ.

TCoftset < thd. ppmes\/K typ.

<tbd. uV/K typ.
Largest short-term deviation during a specified electrical interference < % tbd. = thd. ppmgg, typ.
test
Input impedance *Input 1 differential typ. approx. > 10 MQ || < 1nF
(internal resistance) CommonMode typ. against SGND: tbd.

?) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [P 568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pien, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3002-0205 (50 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: > thd. dB 50 Hz: > tbd. dB 1 kHz: > tbd. dB
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3.6 ELM310x

3.6.1 ELM310x - Introduction

L A ™ ewvzioroon

wJ BECKHOFF wJ BECKHOFF

Fig. 24: ELM3102-0000, ELM3104-0000

2 and 4 channel analog input terminal -20/0/+4...+20 mA, 24 bit, 10/ 20 ksps

The ELM310x EtherCAT terminals are designed for flexible current measurement in the range from -20 to
+20 mA. They offer selectable measuring ranges of -20/0/4 to 20 mA as well as current measurement
according to NAMUR NE43.

The measuring range is selected in the CoE, as are the other setting options such as the filter parameters.
Irrespective of the signal configuration, all ELM3xxx terminals have the same technological properties. The
ELM310x terminals for current measurement offer a maximum sampling rate of 10,000 or 20,000 samples
per second. The 2-pin plug (push-in) can be removed for maintenance purposes without releasing the
individual wires.

Optional calibration certificate:
 with factory calibration certificate as ELM310x-0020: on request
+ external calibrated (ISO17025 or DAkks) as ELM310x-0030: on request
» Re-calibration service via the Beckhoff service: on request

Quick-Links

e EtherCAT basics
* Mounting and wiring [» 832]
e Commissioning [P 568]

e Connection view [P 568]

* Object description and parameterization [P _593]
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3.6.2

ELM310x - Technical data

Technical data

ELM3102-0000 ELM3104-0000, ELM3104-0020,

ELM3104-0030

Analog inputs

2 channel (differential) 4 channel (differential)

Time relation between channels to each
other

Simultaneous conversion of all channels in the terminal, synchronous conversion between
terminals, if DistributedClocks will be used

ADC conversion method

A% (Delta-Sigma) with internal sample rate

5.12 Msps 8 Msps
Cutoff frequency input filter hardware Before AD converter:
(see explanations in chapter hardware low pass -3 dB @ 30 kHz
Firmware filter concept) type butterworth 3th order

Within ADC after conversion:

Low pass Low pass

-3dB @ 5.3 kHz, ramp-up time 150 ps -3 dB @ 2.6 kHz, ramp-up time 300 ps

Type sinc3/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution

24 bit (including sign)

Connection technology

2-wire

Sampling rate (per channel, simultaneous)

50 ps/20 ksps 100 ps/10 ksps

Free down sampling by Firmware via decimation factor

Oversampling

1...100 selectable

Supported EtherCAT cycle time
(depending on the operation mode)

DistributedClocks: min. 100 ps, max. 10 ms
FrameTriggered/Synchron: min. 200 ps, max. 100 ms
FreeRun: not yet supported

Connection diagnosis

No; recommended: 4...20 mA measuring range

Internal analog ground AGND

Existing by external connection to -Uv

Overvoltage protection of the inputs
related on -Uv (internal ground)

+IN1, -IN1: at approx. 12 +0.5V

Internal power supply via E-bus

Current consumption E-bus typ. 340 mA typ. 490 mA
Current consumption power contacts -

Thermal power dissipation typ. 3 W

Dielectric strength - destruction limit

Max. permitted short-term/continuous voltage between each contact points 11, £12, +Uv
and —Uv: non-supplied +40 V, supplied £36 V

Note: -Uv corresponds to internal AGND

Recommended operation voltage range to
compliance with specification

Max. permitted voltage during specified normal operation between +I1 and +I2: typ. 10 V
against —Uv

Note: -Uv corresponds to internal AGND

Common data

ELM3102-0000 ELM3104-0000, ELM3104-0020,

ELM3104-0030

Distributed Clocks

Yes, with Oversampling n = 1...100, accuracy << 1 ys

Special features

Extended Range 107 %, freely configurable numeric filters, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold

Functional diagnosis

Yes

Electrical isolation channel/channel ?

no

Electrical isolation channel/E-Bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

Configuration

via the EtherCAT Master, e.g. TwinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the
signal cable.

") see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [» 853]

Basic mechanical properties

ELM3102-0000 ELM3104-0000, ELM3104-0020,

ELM3104-0030

Connection type

2-pin push-in cageclamp, service plug

ELM3xxx
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Basic mechanical properties

ELM3102-0000 ELM3104-0000, ELM3104-0020,

ELM3104-0030

Dimensions (W x H x D)

See chapter Housing [P 830

Mounting

on 35 mm rail conforms to EN 60715

Note Mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [» 834

Weight

Approx. 350 g

Permissible ambient temperature range
during operation

ELM310x-0000: -25...+60 °C
ELM3104-0020/ ELM310x-0030: 0...+55 °C

Permissible ambient temperature range
during storage

ELM310x-0000: -40...+85 °C
ELM3104-0020/ ELM310x-0030: -25...+85 °C

Environmental data

ELM3102-0000 ELM3104-0000, ELM3104-0020,

ELM3104-0030

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3102-0000 ELM3104-0000, ELM3104-0020,

ELM3104-0030

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC, cULus [» 890

EMC notes

In case of push-in and mini-TC connectors, ESD air discharges conforming to EN
61000-6-4 into the connectors or to the lines connected there can lead to measurement
deviations up to +FSV within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 that are applied to the cable shield can
lead to measurement deviations up to FSV.

*) Real applicable approvals/markings see type plate on the side (product marking).
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3.6.2.1 ELM310x overview measurement ranges
Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy

Current 2 wire +20 mA Extended +21.474.. mA
(-20...20 mA) Legacy +20 mA
+20 mA Extended 0...21.474.. mA
(0...20 mA) Legacy 0...20 mA
+20 mA Extended 0...21.179 mA
(4..20 mA) Legacy 4..20 mA
+20 mA Extended 3.6...21 mA
(4...20 mA Legacy 4..20 mA
NAMUR)

Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-Limit 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF88CA6C) (0x00000000)

Range Error

negative Range

positive Range

(0x00773594)  (OxO07FFFFF)
I

Range Error

Limit (2

Limit (2

Underrange Area (*

Nominal Range

Overrange Area (*

-FSV
-8388608
(0xFF800000)

Range Error

Legacy Range Mode (Optional):

negative Range

Technical Range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

0 Value
0
(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

[Calculated resolution: FSV/8388607 T

positive Range

+FSV
+8388607
(0x007FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (2

Nominal / Technical Range

Limit (*

FSV = full scale value

Fig. 25: Overview measurement ranges, Bipolar
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Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-1% FSV 0 +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) N (0x00773594)  (0x007FFFFF)
positive Range
Range Error 0 value area | Range Error
Limit (2

Limit (2

Underrange Area (1 Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

0 +FSV
0 +8388607
(0x00000000) e & (0x007FFFFF)
Range Error positive Range Range Error
Limit (2 Limit (2
Underrange Overrange
Hmed Nominal / Technical Range Hmi

FSV = full scale value

Fig. 26: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.6.2.2 Measurement £20 mA, 0...20 mA, 4...20 mA, NE43

ELM310x

Measurement mode 20 mA 0...20 mA 4...20 mA 3.6...21 mA
(NAMUR NE43)

Measuring range, nominal |-20...+20 mA 0...20 mA 4...20 mA 4...20 mA

Measuring range, end 20 mA

value (FSV)

Measuring range, -21.474...+21.474 mA, 0...21.474 mA, 0...21.179 mA, 3.6...21 mA,

technically usable

overcurrent-p!

rotected

overcurrent-protected

overcurrent-protected

overcurrent-protected

Fuse protection

Internal overload limiting, continuous current resistant

PDO resolution 24 bit 16 bit 2 24 bit 16 bit ? 24 bit 16 bit ? 24 bit 16 bit 2
(including sign)
PDO LSB (Extended 2.56 nA 655.36 NA  |2.56 655.36 NA  2.048 524.288 2.048 524.288
Range) nA nA nA nA nA
PDO LSB (Legacy Range) |2.384..nA |610.37.. nA |2.384.. 610.37..nA [1.907.. 488.29.. n.a.

nA nA nA

Common-mode voltage U,

max. £10V

related to —Uv (internal ground)

Input impedance tInput 1
(internal resistance)

Differential typ. approx. 150 Q || 11 nF

CommonMode typ. approx. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [P 568]

ELM3xxx
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Specific data:

Measurement mode

120 mA, 0...20 mA, 4...20 mA, NE43

Basic accuracy: Measuring deviation at 23°C, with averaging ¥

<+ 0.008 %, <+ 80 ppmeg, typ.

< +1.6 PA typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < +0.0135 %, < 135 ppmgsy typ.
averaging *© <127 pAtyp.
Offset/Zero point deviation (at 23°C) Eoiset < 25 ppMmesy
Gain/scale/amplification deviation (at 23°C)® |Eg,i < 60 ppm
glon-linearity over the whole measuring range |E, < 45 ppmegy
Repeatability, over 24 h, with averaging ¥ Erep <10 ppMesy
Temperature coefficient ¥ TCoan < 3 ppm/K typ.

TCoftset < 1.5 ppmgg,/K typ.

< 0.03 nA/K typ.

Largest short-term deviation during a specified electrical interference
test

Value to follow... ppmegy typ.

%) Valid for ELM3102-00x0 from HWO02; valid for ELM3104-00x0 from HWO04; Specifications of predecessor-

HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

80 Version: 2.18
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ELM3102 (20 ksps)

Product overview

Noise (without filtering) Enoise, pip < 150 ppmgsy <1172 [digits] <3.00 A
Enoise, rus < 25 ppMesy < 195 [digits] <0.50 pA
Max. SNR >92.0dB
Noisedensity@1kHz
nA
<5.0 VAz
Noise (with 50 Hz FIR filter) Encise, e <12 ppMegy < 94 [digits] <0.24 pA
Enoise, Rus < 2.0 ppMesy < 16 [digits] <40.0 nA
Max. SNR >114.0 dB
Common-mode rejection ratio (without filter), typ. DC: < 5.5 nANV 50 Hz: <70 nA/V 1 kHz: <2 pAlV
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: <5.5 nAV 50 Hz: < 20 nA/V 1 kHz: < 20 nA/V
ELM3104 (10 ksps)
Noise (without filtering) Enoise, ptp <118 ppmesy < 922 [digits] <2.36 pA
Enoise, Rus <19 ppMegy < 148 [digits] <0.38 pA
Max. SNR >94.4dB
Noisedensity@1kHz
nA
<537 VHz
Noise (with 50 Hz FIR filter) Enoise, pp <12 ppMegy < 94 [digits] <0.24 pA
Enoise, Rus < 2.0 ppmegy < 16 [digits] <40.0 nA
Max. SNR >114.0dB
Common-mode rejection ratio (without filter), typ. DC: < 5.5 nAV 50 Hz: < 70 nA/V 1 kHz: < 2 yAV
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: < 5.5 nANV 50 Hz: < 20 nA/V 1 kHz: < 20 nA/V
Current measurement range ¥20 mA
Extended Range Mode (Default): [Defined resolution: 2.56 nA /Step| i
-21.474.. mA -20 mA 0OmA +20 mA +21.474.. mA
-8388608 -7812500 0 +7812500 +8388607
(OxFF800000) (OxFF88CA6C) (0x00000000) (0x00773594)  (0xO07FFFFF)

positive Range

I negative Range |

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (*

Nominal Range

Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

-20 mA
-8388608
(OxFF800000)

Range Error

Legacy Range Mode (Optional):

negative Range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

0OmA
0
(0x00000000)

[Calculated resolution: 2.384.. nA /Step| L

positive Range

+20 mA
+8388607
(0x007FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 27: Representation current measurement range +20 mA

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

ELM3xxx
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Current measurement range 0...20 mA

Extended Range Mode (Default): |Defined resolution: 2.56 nA /Step] T
-0.2 mA oV +20 mA +21.474.. mA
0 0 +7812500 +8388607

(0x00000000) (0x00000000) . (0x00773594)  (0x007FFFFF)
Range Error 0 value area positive Range |

Limit (2

Range Error
Limit (2

Underrange Area (* Nominal Range Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384..nA /Step| T
ov +20 mA
0 +8388607
(0x00000000) (OX007FFFFF)

Range Error positive Range

Range Error
Limit (2

Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 28: Representation current measurement range 0...20 mA

Current measurement range 4...20 mA

Extended Range Mode (Default): [Defined resolution: 2.048 nA /Step| i
OmA +3.8mA +4 mA +20 mA +21.179.. mA
-195312 -97656 0 +7812500 +8388607

(0xFFFE8288) (0x00000000) (0x00773594)  (0x007FFFFF)
| ] positive Range
Range Error

Range Error
Limit (2

Limit (2

Underrange Area (*

Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1,907.. nA /Step) T
+4 mA +20 mA
0 +8388607
(0x00000000) (0X007FFFFF)

Range Error positive Range

Range Error
Limit (2

Limit (2

Overrange
Limit (*

Nominal / Technical Range

Fig. 29: Representation current measurement range 4...20 mA

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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Current measuring range 3.6...21 mA (NAMUR)

Extended Range Mode (Default): [Defined resolution: 2.048 nA /Step] o
= Legacy Range Mode (Optional):

3.6 mA 3.8..mA 4 mA 20mA 20.5 mA 21 mA
-97656 0 +7812500 +8056641
(OXFFFES288) (0x00000000) (0x00773594) (0x007AEF41)
Range Error - I p05|t|ve Range I Range Error
Limit (2 Limit (2
Underrange Overrange
Limit (* Limit (*

Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: bits are set when measurement value exceeds 21 mA or falls below 3.6 mA (failure information level)

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Fig. 30: Chart: current measuring range 3.6...21 mA (NAMUR)

Only Extended Range mode for measuring range 4 mA NAMUR

Legacy Range mode is not available for this measurement range. The Extended Range Mode will
be set automatically and although a corresponding write access to the CoE Object 0x8000:2E
(Scaler) is not declined, the parameter is not changed.

i o
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3.7 ELM3102-01x0

3.71 ELM3102-01x0 - Introduction

L LA

kef BECKHOFF

Fig. 31: ELM3102-01x0

2 channel analog input terminal £60 V...#20 mV, -20/0/+4...+20 mA, 24 bit, 20 ksps, 2 pole push-in

The EtherCAT terminals from the ELM3xxx series were developed in order to enable the high-quality
measurement of common electrical signals in the industrial environment. Flexibly usable measurement
devices are especially useful in laboratory and testing technology environments. Therefore the
ELM3102-0100 multifunction terminal feature two channels that can be set to 17 different measuring ranges
of 2-wire connection: to voltages of £60 V to £20 mV and current £20 mA. Thus, electrical measuring tasks
for voltage and current can be solved with just a single terminal. The two channels are not only
independently adjustable as in all ELM3xxx terminals, but also galvanically isolated from each other and
from the EtherCAT bus.

The measuring range is selected in the CoE, as are the other setting options such as the filter parameters.
Irrespective of the signal configuration, all ELM3xxx terminals have the same technological properties. The
ELM3102-0100 terminal for voltage/ current measurement offers a maximum sampling rate of 20,000
samples per second for each channel. The 2-pin plug (push-in) can be removed for maintenance purposes
without releasing the individual wires.

Optional calibration certificate:
 external calibrated (ISO17025 or DAkks) as ELM3102-0130: on request
» Re-calibration service via the Beckhoff service: on request

Quick-Links

e EtherCAT basics
* Mounting and wiring [» 832]
e Commissioning [P 568]

e Connection view [P 568]

* Object description and parameterization [P 602]
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3.7.2

ELM3102-01x0 - Technical data

Technical data

ELM3102-0100/ ELM3102-0120/ ELM3102-0130

Analog inputs

2 channel (differential)

Time relation between channels to each other

Simultaneous conversion of all channels in the terminal, synchronous
conversion between terminals, if DistributedClocks will be used

ADC conversion method

A% (Delta-Sigma) with internal sample rate

5.12 Msps

Cutoff frequency input filter hardware
(see explanations in chapter
Firmware filter concept)

Before AD converter:
hardware low pass -3 dB @ 30 kHz
type butterworth 3th order

Within ADC after conversion:

Low pass
-3 dB @ 5.3 kHz, ramp-up time 150 ps

Type sinc3/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be
considered within the DistributedClocks-Timestamp.

Resolution

24 bit (including sign)

Connection technology

2/3/415/6-wire

Sampling rate (per channel, simultaneous)

50 ps/20 ksps
Free down sampling by Firmware via decimation factor

Oversampling

1...100 selectable

Supported EtherCAT cycle time
(depending on the operation mode)

DistributedClocks: min. 100 ps, max. 10 ms
FrameTriggered/Synchron: min. 200 ys, max. 100 ms
FreeRun: not yet supported

Internal resistance

> 500 kQ (60 V); > 4 MQ (other) ; 150 Q (current)

Operation range voltage measurement

+60/10/5/2.5/1.25 V,
+640/320/160/80/40/20 mV,
0...5/10V,

2-wire-connection

Operation range current measurement

+20 mA, 0/4...20 mA, NAMUR NEA43,

2-wire-connection

Connection diagnosis

Wire break/short cut

Internal analog ground AGND

Existing by external connection to -Uv

Surge voltage protection of the inputs related to GND

Value to follow

Internal power supply via E-bus
Current consumption E-bus typ. 390 mA
Current consumption power contacts -

Thermal power dissipation typ. 3 W

Dielectric strength - destruction limit

Max. permitted short-term/continuous voltage between each contact points
111, 12, +Uv and —Uv: non-supplied +40 V, supplied +36 V

Note: -Uv corresponds to internal AGND

Recommended operation voltage range to compliance
with specification

Max. permitted voltage during specified normal operation between +I1 and
+12: typ.

+35 V against —Uv within 60 V-measuring range
+10 V against —Uv in all other measurement ranges
Note: -Uv corresponds to internal AGND

Common data

ELM3102-0100/ ELM3102-0120/ ELM3102-0130

Distributed Clocks

Yes, with Oversampling n = 1...100, accuracy << 1 ys

Special features

Extended Range 107 %, freely configurable numeric filters, TrueRMS,
integrator/differentiator, non-linear scaling, PeakHold

Functional diagnosis

Yes

Electrical isolation channel/channel ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/E-bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/GND ?

Functional insulation, 707 VV DC (type test)

Configuration

via the EtherCAT Master, e.g. TwinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the
shield design must be in line with the state of the art and be effective. For
larger cable lengths > 30 m, a suitable surge protection should be provided if
appropriate interference could affect the signal cable.

ELM3xxx

Version: 2.18 85



Product overview

BECKHOFF

") see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter

Power supply, potential groups [P _853]

Basic mechanical
properties

ELM3102-0100/ ELM3102-0120/ ELM3102-0130

Connection type

2-pin push-in cage clamp, service plug

Dimensions (W x H x D)

See chapter Housing [» 830

Mounting

on 35 mm rail conforms to EN 60715

Note mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [P 834

Weight

Approx. 350 g

Permissible ambient temperature range during operation

0...+55°C

Permissible ambient temperature range during storage

-25...485°C

Environmental data

ELM3102-0100/ ELM3102-0120/ ELM3102-0130

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3102-0100/ ELM3102-0120/ ELM3102-0130

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC, cULus [» 890

EMC notes

In case of push-in and mini-TC connectors, ESD air discharges conforming to
EN 61000-6-4 into the connectors or to the lines connected there can lead to

measurement deviations up to +FSV within the respective channel or to other
channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 that are applied to the
cable shield can lead to measurement deviations up to +FSV.

*) Real applicable approvals/markings see type plate on the side (product marking).
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3.7.21 ELM3102-01x0 overview measurement ranges
Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2 wire +60 V Extended +64.414..V
Legacy +60 V
10V Extended +10.737..V
Legacy 10V
BV Extended +5.368.. V
Legacy 5V
25V Extended +2.684..V
Legacy 25V
+1.25V Extended +1.342..V
Legacy +1.25V
640 mV Extended +687.2.. mV
Legacy +640 mV
+320 mV Extended +343.6.. mV
Legacy +320 mV
+160 mV Extended +171.8.. mV
Legacy +160 mV
+80 mV Extended +85.9.. mV
Legacy +80 mV
+40 mV Extended +42.95.. mV
Legacy +40 mV
+20 mV Extended +21.474.. mV
Legacy +20 mV
Voltage 2 wire +10 V Extended 0...10.737..V
Legacy 0...10VvV
+5V Extended 0...5.368.. V
Legacy 0..5V
Current 2 wire +20 mA Extended +21.474.. mA
(-20...20 mA) Legacy +20 mA
+20 mA Extended 0...21.474.. mA
(0...20 mA) Legacy 0..20 mA
+20 mA Extended 0...21.179 mA
(4...20 mA) Legacy 4..20 mA
+20 mA Extended 3.6...21 mA
(4...20 mA Legacy 4..20 mA
NAMUR)
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Extended Range Mode (Default):

[Defined resolution: FSV/7812500]

-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0
(OxFF800000)  (OxFF88CA6C)

Range Error
Limit (2

+7812500 +8388607
: (0x00000000) - (0x00773594)  (0x007FFFFF)
I negative Range positive Range |

Range Error
Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

T
-FSv 0 Value +FSV
-8388608 0
(OXFF800000)

Range Error
Limit (2

+8388607
negative Range (0x00000000) positive Range (0x007FFFFF)

Range Error
Limit (2

Underrange
Limit (*

Overrange
Nominal / Technical Range

Limit (*

FSV = full scale value

Fig. 32: Overview measurement ranges, Bipolar

Extended Range Mode (Default): [Defined resolution: FSV/7812500] T
-1% FSV 0 +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) " (0x00773594)  (0xO07FFFFF)
positive Range
Range Error 0 value area 1 Range Error
Limit (2

Limit (2

Underrange Area (* Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607] il
0 +FSV
0 +8388607
(0x00000000) . (0x007FFFFF)
positive Range
Range Error Range Error
Limit (2

Limit (2
Underrange
Limit (*

Overrange

Nominal / Technical Range e

FSV = full scale value

Fig. 33: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2 Measurement 5V/ 10V/ £20 mV..260 V
3.7.2.21 Measurement 60 V

Measurement mode 60 V
Measuring range, nominal -60...+60 V
Measuring range, end value (FSV) 60 V

Measuring range, technically usable

-64.414...+64.414 V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 7.68 pv 1.966 mV
PDO LSB (Legacy Range) 7.152.. yv 1.831.. mV

Basic accuracy: Measuring deviation at 23°C, with averaging

< 0.03 %, < 300 ppmgsy typ.

<+18 mV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< 0.04 %, < £400 ppmgsy typ.

< +24 mV typ.
Offset/Zero point deviation (at 23°C) Eoiset < 20 ppMmesy
Gain/scale/amplification deviation (at Egain <100 ppm
23°C)
Non-linearity over the whole measuring E.in < 280 ppmgsy
range
Repeatability, over 24 h, with averaging Erep <10.0 ppMesy
Temperature coefficient TCaain < 8 ppm/K typ.
TCotset < 2.0 ppmesy/K typ.
<120 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 485 kQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

?) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uent)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode 60 V

Noise (without filtering) Enoise, pip < 75 ppmegy < 586 digits < 4.50 mV
Enoise, Rus < 13 ppmegy < 98 digits <0.75mV
Max. SNR > 98.1dB
Noisedensity@1kHz W

<10.61 VHz

Noise (with 50 Hz FIR filter) Enoise, e < 12 ppmegy < 94 digits <0.72mV
Enoise, Rus < 2.0 ppMesy < 16 digits <0.12mV
Max. SNR > 114.0dB

Common-mode rejection ratio (without filter)

DC: >tbd. dB typ.

50 Hz: >tbd. dB typ.

1 kHz: >tbd. dB typ.

Common-mode rejection ratio (with 50 Hz FIR filter)

DC: >tbd. dB typ.

50 Hz: >tbd. dB typ.

1 kHz: >tbd. dB typ.

Largest short-term deviation during a specified electrical interference
test

+tbd. % = tbd. ppmggy typ.
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Extended Range Mode (Default): [Defined resolution: 7.68 uV /Step| T
-64.414..V -60V ov +60V +64.414..V
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 7.152.. pV /Step i
-60 V ov +60V
-8388608 0 +8388607
(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 34: Representation +60 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.2 Measurement 10 V, 0...10 V

Measurement mode 10V 0...10V

Measuring range, nominal -10...+10 V 0...10V

Measuring range, end value (FSV) 10V

Measuring range, technically usable -10.737...+10.737 V 0...10.737 VvV

PDO resolution (including sign) 24 bit 16 bit 2 24 bit 16 bit ?
PDO LSB (Extended Range) 1.28 pv 327.68 uv 1.28 pv 327.68 pVv
PDO LSB (Legacy Range) 1.192.. yv 305.18.. pv 1.192.. pv 305.18.. pVv

Basic accuracy: Measuring deviation at 23°C, with
averaging

< +0.005 %, < 50 ppmggy typ.
< +0.50 mV typ.

55°C, with averaging ©

Extended basic accuracy: Measuring deviation at O...

< +0.009 %, < 90 ppmgsgy typ.
< +0.90 mV typ.

Offset/Zero point deviation (at 23°C) Eofiset <15 ppmegy
Gain/scale/amplification deviation (at Egain <40 ppm
23°C)

Non-linearity over the whole measuring |E;, < 25 ppMesy
range

Repeatability, over 24 h, with averaging |Eg., < 2.5 ppMmesy

Temperature coefficient TCsain

<2 ppm/K typ.

TCOffse(

< 1.0 ppmesy/K typ.
<10 pVIK typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [» 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.wient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode *10V,0...10V
Noise (without filtering) Enoise, ptp < 70 ppMegy < 547 digits <0.70mV

Enoise, Rms < 12 ppMesy < 94 digits <0.12mV

Max. SNR >98.4dB

Noisedensity@1kHz WV

<1.70 VHz

Noise (with 50 Hz FIR filter) Enoise, ptp < 12 ppmegy < 94 digits < 120.00 yv

Enoise, RS < 2.0 ppMegy < 16 digits < 20.00 pv

Max. SNR > 114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB typ. |1 kHz: >115 dB typ.
Largest short-term deviation during a specified electrical interference +0.03 % = 300 ppmegy typ.
test
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Extended Range Mode (Default): [Defined resolution: 1.28 puV /Step)|
-10.737..V -10Vv ov +10V +10.737..V
-8388608 -7812500 0 +7812500 +8388607

positive Range

negative Range
Range Error | g g

Limit (2

(OXFF800000)  (OXFF88CAGC) (0x00000000) (0x00773594)  (0xO07FFFFF)
I

Range Error
Limit (2

Underrange Area (*

Nominal Range Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.192.. pV /Step)
-10V ov +10V
-8388608 0 +8388607
(0xFF800000) (0x00000000) (OXO07FFFFF)

negative Range positive Range

Range Error
Limit (2

Underrange
Limit (*

Nominal / Technical Range

Range Error
Limit (2

Overrange

Fig. 35: Representation £10 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Extended Range Mode (Default): [Defined resolution: 1.28 uV /Step] T
0.1V ov +10V +10.737..V
0 0 +7812500 +8388607

(0x00000000) (0x00000000) . (0x00773594)  (0OxO07FFFFF)
positive Range |

Range Error 0 value area

Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.1921..uV /Step| T
ov +10V
0 +8388607
(0x00000000) (0X007FFFFF)

Range Error positive Range

Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 36: Representation 0...10 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal

fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred

to above can be set even higher.

92 Version: 2.18



BECKHOFF

Product overview

3.7.2.2.3 Measurement 5V, 0...5V

Measurement mode 5V 0..5V

Measuring range, nominal -5...+5V 0..5V

Measuring range, end value (FSV) 5V

Measuring range, technically usable -5.368...+5.368 V 0...5.368 V

PDO resolution (including sign) 24 bit 16 bit 2 24 bit 16 bit ?
PDO LSB (Extended Range) 640 nV 163.84 pVv 640 nV 163.84 pVv
PDO LSB (Legacy Range) 596.. nV 152.59.. yv 596.. nV 152.59.. yv

Basic accuracy: Measuring deviation at 23°C, with
averaging

< +0.005 %, < +50 ppmgs, typ.
<+0.25 mV typ.

55°C, with averaging ©

Extended basic accuracy: Measuring deviation at O...

< +0.009 %, < £90 ppmgs, typ.
<+0.45 mV typ.

Offset/Zero point deviation (at 23°C) Eoftest <15 ppmegy
Gain/scale/amplification deviation (at Ecain <40 ppm
23°C)

Non-linearity over the whole measuring  |E;, < 25 ppmegy
range

Repeatability, over 24 h, with averaging |Eg,, < 2.5 ppmgsy

Temperature coefficient TCsain

<2 ppm/K typ.

TCOﬁsel

< 1.0 ppmes,/K typ.
<5 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [» 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.wient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode *5V,0..5V
Noise (without filtering) Enoise, ptp < 70 ppMegy < 547 digits <0.35mV

Enoise, Rms < 12 ppMesy < 94 digits < 60.00 pv

Max. SNR >98.4dB

Noisedensity@1kHz WV

<0.85 VHz

Noise (with 50 Hz FIR filter) Enoise, ptp < 12 ppmegy < 94 digits < 60.00 pv

Enoise, RS < 2.0 ppMegy < 16 digits < 10.00 v

Max. SNR > 114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB typ. |1 kHz: >115 dB typ.
Largest short-term deviation during a specified electrical interference +0.03 % = 300 ppmegy typ.
test
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Extended Range Mode (Default): [Defined resolution: 640 nV /Step) T
-5.368..V -5V ov +5V +5.368..V
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) - (OxFF8BCAGC) : (0x00000000) N (0x00773594)  (OxQ07FFFFF)
Range Error | negative Range positive Range |

Range Error
Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 596.. nV /Step)| O
-5V ov +5V
-8388608 0 +8388607
(OXFF800000) (0x00000000) (0X007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (2

Nominal / Technical Range

Fig. 37: Representation 5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Extended Range Mode (Default): [Defined resolution: 640 nV /Step| il
-0.05V oV +5V 5.368..V
0 0 +7812500 +8388607
(0x00000000) (0x00000000) (0x00773594)  (0xO07FFFFF)

0 value area positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (* Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 596.05.. nV /Step| T
ov +5V
0 +8388607
(0x00000000) (0x007FFFFF)

Range Error positive Range

Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 38: Representation 0...5 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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3.7.2.2.4 Measurement 2.5V

Measurement mode 25V

Measuring range, nominal -2.5..425V

Measuring range, end value (FSV) 25V

Measuring range, technically usable -2.684...+2.684 V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 320 nVv 81.92 yv
PDO LSB (Legacy Range) 298.. nV 76.29.. yv

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.005 %, < £50 ppmgsy typ.
<+0.13 mV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.009 %, < £90 ppmgsy typ.
<+0.23 mV typ.

Offset/Zero point deviation (at 23°C) Eofiset <15 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain <40 ppm
Non-linearity over the whole measuring range Ein < 25 ppMmesy
Repeatability, over 24 h, with averaging Erep < 2.5 ppmesy
Temperature coefficient TCsain < 2 ppm/K typ.
TCofet < 1.0 ppmesy/K typ.
<2.50 pVIK typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode 25V
Noise (without filtering) Enoise, pip < 70 ppmegy < 547 digits <0.18 mV

Enoise, Rus < 12 ppmegy < 94 digits < 30.00 yv

Max. SNR > 98.4dB

Noisedensity@1kHz WV

<042 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 12 ppmegy < 94 digits < 30.00 v

Enoise, rus < 2.0 ppMesy < 16 digits < 5.00 pv

Max. SNR > 114.0dB
Common-mode rejection ratio (without filter) DC:>115dB typ. |50 Hz: >105 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >7115dB typ. |1 kHz: >7715 dB typ.
Largest short-term deviation during a specified electrical interference +0.03 % = 300 ppmegy typ.
test
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Extended Range Mode (Default): [Defined resolution: 320 nV /Step) T
-2.684..V -2.5V ov +2.5V +2.684..V
-8388608 -7812500 0 +7812500 +8388607
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I negative Range
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(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 298.. nV /Step) i
-2.5V ov +25V
-8388608 0 +8388607
(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
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Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 39: Representation 2.5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.5 Measurement £1.25V

Measurement mode .25V
Measuring range, nominal -1.25..41.25V
Measuring range, end value (FSV) 1.25V

Measuring range, technically usable

-1.342...+1.342V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 160 nV 40.96 pv
PDO LSB (Legacy Range) 149.. nV 38.14.. yv

Basic accuracy: Measuring deviation at 23°C, with averaging

< $62.5 pV typ.

< +0.005 %, < £50 ppmgsy typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.009 %, < £90 ppmgsy typ.

< 0.1 mV typ.
Offset/Zero point deviation (at 23°C) Eofiset <15 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain <40 ppm
Non-linearity over the whole measuring range Ein < 25 ppMmesy
Repeatability, over 24 h, with averaging Erep < 5.0 ppmesy
Temperature coefficient TCaain < 2 ppm/K typ.

TCofset < 1.0 ppmes,/K typ.
<1.25 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode .25V

Noise (without filtering) Enoise, pip < 70 ppmegy < 547 digits < 87.50 yv
Enoise, Rus < 12 ppmegy < 94 digits < 15.00 yv
Max. SNR > 98.4dB
Noisedensity@1kHz WV

<021 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 12 ppmegy < 94 digits < 15.00 v
Enoise, rus < 2.0 ppMesy < 16 digits < 2.50 yv
Max. SNR > 114.0dB

Common-mode rejection ratio (without filter)

DC: >115 dB typ.

50 Hz: >105 dB typ.

1 kHz: >80 dB typ.

Common-mode rejection ratio (with 50 Hz FIR filter)

DC: >115dB typ.

50 Hz: >115 dB typ.

1 kHz: >115 dB typ.

Largest short-term deviation during a specified electrical interference

test

+0.03 % = 300 ppmegy typ.
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Extended Range Mode (Default): [Defined resolution: 160 nV /Step) T
-1.490..V -1.25V ov +1.25V +1.490..V
-8388608 -7812500 0 +7812500 +8388607
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Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 149.. nV /Step) i
-1.25V ov +1.25V
-8388608 0 +8388607

(OxFF800000) (0x00000000) (0x007FFFFF)
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Fig. 40: Representation £1.25 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.6 Measurement £640 mV

Measurement mode 640 mV

Measuring range, nominal -640...+640 mV

Measuring range, end value (FSV) 640 mV

Measuring range, technically usable -687.2...+687.2 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 81.92 nV 20.97152 pv
PDO LSB (Legacy Range) 76.29.. nV 19.53.. yv

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.005 %, < £50 ppmgsy typ.
<+32.0 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.0095 %, < 95 ppmegy typ.
< $60.8 pV typ.

Offset/Zero point deviation (at 23°C) Eofiset < 20 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain <40 ppm
Non-linearity over the whole measuring range Ein < 25 ppMmesy
Repeatability, over 24 h, with averaging Erep < 5.0 ppmesy
Temperature coefficient TCsain < 2 ppm/K typ.
TCofet < 1.5 ppmesy/K typ.
< 0.96 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode 640 mV
Noise (without filtering) Enoise, pip < 70 ppmegy < 547 digits < 44.80 pv

Enoise, Rus < 12 ppmegy < 94 digits <7.68pVv

Max. SNR > 98.4dB

Noisedensity@1kHz WV

<0.11 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 12 ppmegy < 94 digits < 7.68 VvV

Enoise, rus < 2.0 ppMesy < 16 digits < 1.28 yv

Max. SNR > 114.0dB
Common-mode rejection ratio (without filter) DC:>115dB typ. |50 Hz: >105 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >7115dB typ. |1 kHz: >7715 dB typ.
Largest short-term deviation during a specified electrical interference +0.03 % = 300 ppmegy typ.
test
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Extended Range Mode (Default): [Defined resolution: 81.92 nV /Step) T
-687.2.. mV -640 mV ov +640 mV +687.2..mV
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1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 76.294.. nV /Step)| i
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Fig. 41: Representation £640 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.7 Measurement £320 mV

Measurement mode *320 mV

Measuring range, nominal -320...+320 mV

Measuring range, end value (FSV) 320 mV

Measuring range, technically usable -343.6...+343.6 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 40.96 nV 10.48576 pVv
PDO LSB (Legacy Range) 38.14..nV 9.765.. uv

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.0065 %, < +65 ppmegy typ.
< +20.8 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

<+0.0115 %, < £115 ppmgsy typ.
< +36.8 pV typ.

Offset/Zero point deviation (at 23°C) Eofiset < 40 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain <40 ppm
Non-linearity over the whole measuring range Eiin < 30 ppmegy
Repeatability, over 24 h, with averaging Erep < 5.0 ppmesy
Temperature coefficient TCsain < 2 ppm/K typ.
TCofset < 2.0 ppmesy/K typ.
< 0.64 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode *320 mV
Noise (without filtering) Enoise, pip < 70 ppmegy < 547 digits < 22.40 yv

Enoise, Rus < 12 ppmegy < 94 digits <3.84 pv

Max. SNR > 98.4dB

Noisedensity@1kHz WV

<0.05 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 12 ppmegy < 94 digits <3.84 uv

Enoise, rus < 2.0 ppMesy < 16 digits < 0.64 pv

Max. SNR > 114.0dB
Common-mode rejection ratio (without filter) DC:>115dB typ. |50 Hz: >105 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >7115dB typ. |1 kHz: >7715 dB typ.
Largest short-term deviation during a specified electrical interference +0.03 % = 300 ppmegy typ.
test
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Extended Range Mode (Default): [Defined resolution: 40.96 nV /Step) T
-343.6.. mV -320 mV ov +320 mV +343.6..mV
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 38.147.. nV /Step)| i
-320 mV ov +320 mV
-8388608 0 +8388607
(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 42: Representation £320 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.8 Measurement £160 mV

Measurement mode 160 mV
Measuring range, nominal -160...+160 mV
Measuring range, end value (FSV) 160 mV

Measuring range, technically usable

-171.8...+171.8 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 20.48 nV 5.24288 pVv
PDO LSB (Legacy Range) 19.07.. nV 4.882.. uv

Basic accuracy: Measuring deviation at 23°C, with averaging

<+13.6 pV typ.

< +0.0085 %, < +85 ppmgegy, typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< $24.8 pV typ.

< +0.0155 %, < £155 ppmgs, typ.

Offset/Zero point deviation (at 23°C) Eofiset < 65 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain <40 ppm
Non-linearity over the whole measuring range Eiin < 35 ppmegy
Repeatability, over 24 h, with averaging Erep < 5.0 ppmesy
Temperature coefficient TCsain < 2 ppm/K typ.
TCofset < 3.5 ppmesy/K typ.
< 0.56 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode *160 mV

Noise (without filtering) Enoise, pip < 90 ppmegy < 703 digits < 14.40 uyv
Enoise, Rus < 15 ppmegy < 117 digits < 2.40 pv
Max. SNR > 96.5dB
Noisedensity@1kHz WV

<0.03 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 18 ppmegy < 141 digits <2.88uVv
Enoise, rus < 3.0 ppmesy < 23 digits < 0.48 pv
Max. SNR > 110.5dB

Common-mode rejection ratio (without filter)

DC: >115 dB typ.

50 Hz: >105 dB typ.

1 kHz: >80 dB typ.

Common-mode rejection ratio (with 50 Hz FIR filter)

DC: >115dB typ.

50 Hz: >115 dB typ.

1 kHz: >115 dB typ.

Largest short-term deviation during a specified electrical interference

test

+0.03 % = 300 ppmegy typ.
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Extended Range Mode (Default): [Defined resolution: 20.48 nV /Step) T
-171.8.. mV -160 mV ov +160 mV +171.8..mV
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 19.07.. nV /Step| i
-160 mV ov +160 mV
-8388608 0 +8388607
(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 43: Representation £160 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.9 Measurement £80 mV
Measurement mode 80 mV
Measuring range, nominal -80...+80 mV
Measuring range, end value (FSV) 80 mV
Measuring range, technically usable -85.9...+85.9 mV
PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 10.24 nV 2.62144 pVv
PDO LSB (Legacy Range) 9.536.. nV 2.441.. pv
Basic accuracy: Measuring deviation at 23°C, with averaging <0.011 %, < £110 ppmegy typ.

< +8.8 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.0205 %, < 205 ppmgs, typ.
<+16.4 pV typ.

Offset/Zero point deviation (at 23°C) Eofiset < 95 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain <40 ppm
Non-linearity over the whole measuring range Ein <40 ppmesy
Repeatability, over 24 h, with averaging Erep < 7.5 ppmesy
Temperature coefficient TCsain < 2 ppm/K typ.
TCofet < 5.0 ppmesy/K typ.
< 0.40 pVIK typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode 80 mV
Noise (without filtering) Enoise, pip < 150 ppMgsy < 1172 digits < 12.00 yv

Enoise, Rus < 25 ppmegy < 195 digits < 2.00 pv

Max. SNR >92.0dB

Noisedensity@1kHz WV

<0.03 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 24 ppmegy < 188 digits <1.92uVv

Enoise, rus < 4.0 ppMesy < 31 digits <0.32 yv

Max. SNR > 108.0 dB
Common-mode rejection ratio (without filter) DC:>115dB typ. |50 Hz: >105 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >7115dB typ. |1 kHz: >7715 dB typ.
Largest short-term deviation during a specified electrical interference +0.03 % = 300 ppmegy typ.
test
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Extended Range Mode (Default): [Defined resolution: 10.24 nV /Step) T
-85.9.. mV -80 mV ov +80 mV +85.9.. mV
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 9.537.. nV /Step i
-80 mV ov +80 mV
-8388608 0 +8388607

(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 44: Representation 80 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.10 Measurement £40 mV

Measurement mode 40 mV
Measuring range, nominal -40...+40 mV
Measuring range, end value (FSV) 40 mV

Measuring range, technically usable

-42.95...+42.95 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 5.12nV 1.31072 pv
PDO LSB (Legacy Range) 4.768.. nV 1.220.. pv

Basic accuracy: Measuring deviation at 23°C, with averaging

< 8.2 pV typ.

< +0.0205 %, < 205 ppmgsy typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

<+15.8 pV typ.

< +0.0395 %, < +395 ppmgs, typ.

Offset/Zero point deviation (at 23°C) Eofiset <190 ppmesy
Gain/scale/amplification deviation (at 23°C) Egain < 50 ppm
Non-linearity over the whole measuring range Eiin < 60 ppmegy
Repeatability, over 24 h, with averaging Erep <10.0 ppmesy
Temperature coefficient TCsain < 3 ppm/K typ.
TCoftset <10.0 ppmes/K typ.
< 0.40 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode 40 mV

Noise (without filtering) Enoise, pip < 270 ppMgsy < 2109 digits < 10.80 v
Enoise, Rus < 45 ppmegy < 352 digits < 1.80 pv
Max. SNR > 86.9 dB
Noisedensity@1kHz WV

<0.03 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 48 ppmegy < 375 digits <1.92uVv
Enoise, rus < 8.0 ppMesy < 63 digits <0.32 yv
Max. SNR > 101.9dB

Common-mode rejection ratio (without filter)

DC: >115 dB typ.

50 Hz: >105 dB typ. |1 kHz: >80 dB typ.

Common-mode rejection ratio (with 50 Hz FIR filter)

DC: >115dB typ.

50 Hz: >115dB typ. |1 kHz: >115dB typ.

Largest short-term deviation during a specified electrical interference

test

Value to follow
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Extended Range Mode (Default): |Defined resolution: 5.12 nV /Step| T
-42.95.. mV -40 mV ov +40 mV +42.95.. mV
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 4.768.. nV /Step| i
-40 mV ov +40 mV
-3388608 0 +8338607

(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 45: Representation £+40 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.2.11 Measurement £20 mV
Measurement mode 20 mV
Measuring range, nominal -20...+20 mV
Measuring range, end value (FSV) 20 mV
Measuring range, technically usable -21.474...+21.474 mV
PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 2.56 nV 655.36 nV
PDO LSB (Legacy Range) 2.384..nV 610.37.. nV
Basic accuracy: Measuring deviation at 23°C, with averaging < +0.04 %, < +400 ppmgsy typ.

< 8.0 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.077 %, < £770 ppmegy typ.
<+15.4 pV typ.

Offset/Zero point deviation (at 23°C) Eofiset < 380 ppmesy
Gain/scale/amplification deviation (at 23°C) Egain <60 ppm
Non-linearity over the whole measuring range Eiin <100 ppmeggy
Repeatability, over 24 h, with averaging Erep < 25.0 ppmesy
Temperature coefficient TCaain <4 ppm/K typ.
TCofset <20.0 ppmes, /K typ.
< 0.40 pV/K typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, picn: @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications

Measurement mode *20 mV
Noise (without filtering) Enoise, pip < 540 ppmgsy < 4219 digits < 10.80 v

Enoise, Rus < 90 ppmesy < 703 digits < 1.80 v

Max. SNR > 80.9dB

Noisedensity@1kHz WV

<0.03 VHz

Noise (with 50 Hz FIR filter) Enoise, pip < 80 ppmegy < 625 digits < 1.60 v

Enoise, rus < 13.0 ppmegy < 102 digits < 0.26 pvV

Max. SNR >97.7dB
Common-mode rejection ratio (without filter) DC:>115dB typ. |50 Hz: >105 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >7115dB typ. |1 kHz: >7715 dB typ.
Largest short-term deviation during a specified electrical interference Value to follow
test
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Extended Range Mode (Default): |Defined resolution: 2.56 nV /Step| T
-21.474.. mV -20 mV ov +20 mV +21.474.. mV
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384.. nV /Step| i
-20 mV ov +20 mV
-8388608 0 +8388607

(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 46: Representation £20 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.7.2.3 Measurement +20 mA/ 0..20 mA/ 4..20 mA/NAMUR

3.7.2.3.1 Measurement £20 mA, 0...20 mA, 4...20 mA, NE43

Measurement mode 20 mA 0...20 mA 4...20 mA 3.6...21 mA
(NAMUR NE43)

Measuring range, nominal |-20...+20 mA 0...20 mA 4...20 mA 4..20mA

Measuring range, end 20 mA

value (FSV)

Measuring range, -21.474...+21.474 mA, 0...21.474 mA, 0...21.179 mA, 3.6...21 mA,

technically usable overcurrent-protected

overcurrent-protected

overcurrent-protected

overcurrent-protected

Fuse protection

Internal overload limiting, continuous current resistant

PDO resolution 24 bit 16 bit? |24 bit 16 bit ? 24 bit 16 bit ? 24 bit 16 bit ?
(including sign)
PDO LSB (Extended 2.56 nA 655.36 nA |2.56 655.36 nNA  2.048 524.288 2.048 524.288
Range) nA nA nA nA nA
PDO LSB (Legacy Range) [2.384.. nA 610.37.. |2.384.. 610.37.. nA |1.907.. 488.29.. n.a.

nA nA nA nA

Common-mode voltage U, imax. +10V

related to —Uv (internal ground)

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 150 Q || 11 nF

CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

Preliminary specifications:

Measurement mode

120 mA, 0...20 mA, 4...20 mA, NE43

Basic accuracy: Measuring deviation at 23°C, with averaging

<0.01% = 100 ppmgsy typ.

Offset/Zero point deviation (at 23°C) Eotteet < 65 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain < 50 ppm
Non-linearity over the whole measuring range E.n < 40 ppMegy
Repeatability, over 24 h, with averaging Egrep < 40 ppMesy
Noise (without filtering) Enoise, pip < 100 ppmggy < 781 [digits]
Enoise, Rus < 18 ppMesy < 141 [digits]
Max. SNR > 94.9dB
Noisedensity@1kHz
nA
<509 VHz
Noise (with 50 Hz FIR filter) Enoise, pip < 10 ppMegy < 78 [digits]
Enoise, Rus < 2.0 ppMesy < 16 [digits]
Max. SNR > 114.0dB
Temperature coefficient TCeain < 15 ppm/K typ.
TCofet < 5 ppmes/K typ.
Common-mode rejection ratio (without filter) DC: 50 Hz: 1 kHz:
< 3nANV typ. < 5nANV typ. < 80 nA/V typ.
Common-mode rejection ratio (with 50 Hz FIR filter) |DC: 50 Hz: 1 kHz:
< 3nA/V typ. < 3nA/V typ. < 3nA/V typ.

Largest short-term deviation during a specified
electrical interference test

Value to follow [ppm] typ. (FSV)
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Current measurement range 20 mA

Extended Range Mode (Default):

[Defined resolution: 2.56 nA /Step) ik
-21.474.. mA -20 mA 0 mA +20 mA +21.474.. mA
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF8BCAGC) . (0x00000000) . (0x00773594)  (OXO07FFFFF)
negative Range positive Range
Range Error | | Range Error
Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: 2.384.. nA /Step|

-20 mA

0OmA +20 mA
-8388608 0 +8388607
(0xFF800000) ) (0x00000000) . (0X007FFFFF)
negative Range positive Range
Range Error Range Error
Limit (2

Underrange
Limit (*

Limit (2

Nominal / Technical Range

Overrange
Limit (*

Fig. 47: Representation current measurement range £20 mA

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Current measurement range 0...20 mA

Extended Range Mode (Default):

[Defined resolution: 2.56 nA /Step) T

0.2 mA ov +20 mA +21.474.. mA
0 0 +7812500 +8388607
(0x00000000) (0x00000000) (0x00773594)  (OX007FFFFF)

Range Error 1
Limit (2

0 value area positive Range

Range Error
Limit (2

Underrange Area (* Nominal Range

Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384..nA /Step) T

oV +20 mA
0 +8388607
(0x00000000) positive Range (0X007FFFFF)
Range Error

Range Error

Limit (2 Limit (2
Underrange
Limit (*

Overrange

Nominal / Technical Range Limit (2

Fig. 48: Representation current measurement range 0...20 mA
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Current measurement range 4...20 mA

Extended Range Mode (Default): [Defined resolution: 2.048 nA /Step|

positive Range
Range Error

Limit (2

OmA +38mA +4 mA +20 mA +21.179.. mA
-195312  -97656 0 +7812500 +8388607
(0xFFFE8288) (0x00000000) (0x00773594)  (0x007FFFFF)

|

Range Error

Limit (2

Underrange Area (! Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Nominal / Technical Range

Legacy Range Mode (Optional): [Calculated resolution: 1,907.. nA /Step| T
+4 mA +20 mA
0 +8388607
(0X00000000) (0XOO07FFFFF)
Range Error positive Range Range Error
Limit (2 Limit (2

Overrange

Limit (*

Fig. 49: Representation current measurement range 4...20 mA

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal

fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred

to above can be set even higher.

Current measuring range 3.6...21 mA (NAMUR)

Extended Range Mode (Default):

[Defined resolution: 2.048 nA /Step|

= Legacy Range Mode (Optional):

Limit (*

Nominal Range

Technical Range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

3.6 mA 3.8..mA 4 mA 20mA 20.5 mA 21 mA
-97656 0 +7812500 +8056641
(OxFFFE8288) (0x00000000) (0x00773594) (0x007AEF41)
Range Error -— | positive Range | -—
Limit (2
Underrange

1 Underrange/Overrange Limit/Area: bits are set when measurement value exceeds 21 mA or falls below 3.6 mA (failure information level)

Range Error

Fig. 50: Chart: current measuring range 3.6...21 mA (NAMUR)

Only Extended Range mode for measuring range 4 mA NAMUR

o
1 Legacy Range mode is not available for this measurement range. The Extended Range Mode will
be set automatically and although a corresponding write access to the CoE Object 0x8000:2E

(Scaler) is not declined, the parameter is not changed.

ELM3xxx Version: 2.18
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3.8

ELM314x

3.8.1 ELM314x - Introduction
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Fig. 51: ELM314x

2, 4, 6 and 8-channel analog input, ¥10...£1.25 V, #20 mA, 24 bit, 1 ksps
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The 2-, 4-, 6- or 8-channel ELM314x EtherCAT terminals in the Economy line can be set to current or
voltage measurement channel by channel, offering sampling rates of up to 1 ksps per channel. Analog
signals in the ranges from £1.25 to +10 V, 0 to 10 V, £20 mA or 0/4 to 20 mA can be processed. The settings
for U or | measurement mode and the desired measuring ranges can be selected via the control system and
TwinCAT in the CoE interface. Here it is also possible to select the extensive diagnostics features for
unattended long-term use. The 2-, 4- or 6-pin push-in connectors can be removed for maintenance
purposes; they enable a direct supply of connected sensors. The power contacts on the side simplify the
potential distribution directly on the DIN rail. The typical EtherCAT features are available: distributed clocks
functionality with timestamp and the familiar data features of the basic line such as filtering, true RMS
calculation and more. Variants with factory calibration certificate and recalibration service on request are in

preparation for the ELM measurement terminals.

Optional calibration certificate:

 with factory calibration certificate as ELM314x-0020: on request

+ external calibrated (1ISO17025 or DAkks) as ELM314x-0030: on request

Re-calibration service via the Beckhoff service: on request

Quick-Links

e EtherCAT basics
* Mounting and wiring [» 832]
e Commissioning [P 568]

» Connection view measuring voltage [ 568]

e Power contacts ELM314x [» 876]

* Object description and parameterization [P 612]

114 Version: 2.18
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3.8.2

ELM314x - Technical data

Technical data

ELM3142-0000

ELM3144-0000

ELM3146-0000

ELM3148-0000

Analog inputs

2 channel
(differential)

4 channel
(differential)

6 channel
(differential)

8 channel
(differential)

Time relation between channels to each
other

Simultaneous conversion of all channels in the terminal (multiplex), synchronous
conversion between terminals, if DistributedClocks will be used. Timestamp each channel,
typ. sampling offset related to channel 1:

Ch.1: O ps Ch.1: 0 ps Ch.1: 0 s Ch.1: 0O ps
Ch.2: +200 ps Ch.2: +200 ps Ch.2: +100 ps Ch.2: +100 ps
Ch.3: +400 ps Ch.3: +200 ps Ch.3: +200 ps
Ch.4: +600 ps Ch.4: +300 ps Ch.4: +300 ps
Ch.5: +400 ps Ch.5: +400 ps
Ch.6: +500 ps Ch.6: +500 ps
Ch.7: +600 ps
Ch.8: +700 ps

ADC conversion method

A% (Delta-Sigma) with internal sample rate 8 Msps

Cutoff frequency input filter hardware
(see explanations in chapter
Firmware filter concept)

Before AD converter:
hardware low pass -3dB @ 330 Hz
Type butterworth 1th order

Within ADC after conversion: low pass -3dB @ 2.75 kHz
Type sinc5/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution 24 bit (including sign)
Connection technology 2/3/4-wire
Sampling rate (per channel) 1 ms/ 1 ksps

Free down sampling by Firmware via decimation factor, possible effective sampling interval
each channel: 1 ms +n- 25 pus

Oversampling

1...20 selectable

Supported EtherCAT cycle time
(depending on the operation mode)

DistributedClocks: min. 100 ys + n - 25 pus (n =0, 1, 2, ..); max. 10 ms
FrameTriggered/Synchron: min. 200 ys + n - 25 ps (n =0, 1, 2, ..); max. 100 ms
FreeRun: not yet supported

Connection diagnosis

Wire break/short cut

Internal analog ground AGND

Existing by external connection to -Uv

Overvoltage protection of the inputs not existing

Internal power supply via E-bus

Current consumption E-bus typ. 250 mA typ. 300 mA
Current consumption power contacts -

Thermal power dissipation typ. 2 W

Dielectric strength - destruction limit

Max. permitted short-term/continuous voltage between each contact points: +30 V

Recommended operation voltage range to
compliance with specification

Max. permitted voltage at +Input, —Input, related to internal analog ground (AGND)
(,operation as intended”):

+125V

Common data

ELM3142-0000 ‘ELM3144-0000 ELM3146-0000 ‘ELM31 48-0000

Distributed Clocks

Yes, with Oversampling n = 1...100, accuracy << 1 s

Special features

Extended Range 107 %, freely configurable numeric filters, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold, switchable connection AGND/Up-

Functional diagnosis

Yes

Electrical isolation channel/channel ?

No

Electrical isolation channel/E-bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

Configuration

via the EtherCAT Master, e.g. TwinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the
signal cable.

') see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [P 853]
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Basic mechanical properties

ELM3142-0000 ‘ELM3144-0000 ELM3146-0000

[ELM3148-0000

Connection type

4-pin push-in cage clamp, service plug

6-pin push-in cage clamp, service plug

Dimensions (W x H x D)

See chapter Housing [P 830

Mounting

on 35 mm rail conforms to EN 60715

Note Mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [» 834

Weight Approx. 350 g
Permissible ambient temperature range -25...+60 °C
during operation

Permissible ambient temperature range -40...+85 °C

during storage

Environmental data

ELM3142-0000 [ELM3144-0000 [ELM3146-0000

ELM3148-0000

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3142-0000 [ELM3144-0000 [ELM3146-0000

ELM3148-0000

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC, cULus [r 890

EMC notes

In case of push-in connectors, ESD air discharges conforming to EN 61000-6-4 into the
connectors or to the lines connected there can lead to measurement deviations up to +tFSV

within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 that are applied to the cable shield can

lead to measurement deviations up to £FSV.

*) Real applicable approvals/markings see type plate on the side (product marking).
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3.8.2.1 ELM314x overview measurement ranges
Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2 wire 10V Extended +10.737..V
Legacy +10V
5V Extended 1+5.368.. V
Legacy 5V
25V Extended +2.684..V
Legacy 25V
+1.25V Extended +1.342..V
Legacy +1.25V
Voltage 2 wire +10V Extended 0...10.737..V
Legacy 0...10V
+5V Extended 0...5.368.. V
Legacy 0...5V
Current 2 wire +20 mA Extended +21.474.. mA
(-20...20 mA) Legacy +20 mA
+20 mA Extended 0...21.474.. mA
(0...20 mA) Legacy 0...20 mA
+20 mA Extended 0...21.179 mA
(4..20 mA) Legacy 4..20 mA
+20 mA Extended 3.6...21 mA
(4...20 mA Legacy 4..20 mA
NAMUR)
Extended Range Mode (Default): [Defined resolution: FSV/7812500] nlhn
-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF88CA6C) (0x00000000)

(0x00773594)  (Ox007FFFFF)
I

negative Range
| g R 9 Range Error

positive Range

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

-FSV
-8388608
(0xFF800000)

Range Error

Legacy Range Mode (Optional):

negative Range

Technical Range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

0 Value
0
(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

[Calculated resolution: FSV/8388607 ikl

positive Range

+FSV
+8388607
(0X007FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

FSV = full scale value

Fig. 52: Overview measurement ranges, Bipolar

ELM3xxx

Version: 2.18
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Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-1% FSV 0 +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) N (0x00773594)  (0x007FFFFF)
positive Range
Range Error 0 value area | Range Error
Limit (2

Limit (2

Underrange Area (1 Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

0 +FSV
0 +8388607
(0x00000000) e & (0x007FFFFF)
Range Error positive Range Range Error
Limit (2 Limit (2
Underrange Overrange
Hmed Nominal / Technical Range Hmi

FSV = full scale value

Fig. 53: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.8.2.2 Measurement ¥10 V, 0...10 V
ELM314x
Measurement mode 10V 0...10V
Measuring range, nominal -10...+10 V 0...10V
Measuring range, end value (FSV) 10V
Measuring range, technically usable -10.737...+10.737 V 0...10.737 VvV
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) 1.28 pv
PDO LSB (Legacy Range) 1.192.. yv
Basic accuracy: Measuring deviation at 23°C, with < +0.0055 %, < 55 ppmegy
averaging " <+0.6 mV
Extended basic accuracy: Measuring deviation at O... < +0.0095 %, < 95 ppmegy,
55°C, with averaging, typ. "® <+1.0mV
Offset/Zero point deviation (at 23°C) " Eofrset <15 ppMgsy
Gain/scale/amplification deviation (at Egain <40 ppm
23°C)"
Non-linearity over the whole measuring |E;, < 30 ppmesy
range "
1F){epeatability, over 24 h, with averaging |Eg, < 5 ppMegy
Temperature coefficient, typ." TCgain < 2.2 ppm/K

TCorset < 0.4 ppmeg, /K

<4 pvIK

Common-mode rejection ratio (without |DC >115dB typ.
filter) ® 50 Hz >105 dB typ.

1 kHz >80 dB typ.
Common-mode rejection ratio (with 50 |DC >115dB typ.
Hz FIR filter) 2 50 Hz >115 dB typ.

1 kHz >115dB typ.
Largest short-term deviation during a specified electrical |£0.05 % = 500 ppmgsy typ.
interference test ?
Input impedance xInput 1 Differential typ. approx. 10 MQ || 11 nF
(internal resistance) CommonMode typ. approx. 40 nF against SGND

') Valid for ELM3148-00x0 since HWO05, ELM3146-00x0 since HW03, ELM3144-00x0 since HWO03,

ELM3142-00x0 since HW02; specifications of predecessor-HW on request

2) Preliminary data

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Measurement mode +*0V,0...10V
Noise (without filtering) Envise, pp < 90 ppmegy < 703 digits <0.90 mV
Enoise, Rus <15 ppmegy <117 digits <0.15mV
Max. SNR > 96.5 dB
Noisedensity@1kHz
y@ WV
<6.71 VHz
Noise (with 50 Hz FIR filter) |Eygiso, pie <21 ppMmegy < 164 digits <0.21 mV
Enoise, s < 3.5 ppmgsy < 27 digits < 35.00 pv
Max. SNR >109.1 dB
Extended Range Mode (Default): [Defined resolution: 1.28 uV /Step| i
-10.737..V -10V ov +10V +10.737..V
-8388608 -7812500 0 +7812500 +8388607
(OxFF800000) (OxFF88CA6C) ) (0x00000000) - (0x00773594)  (0x007FFFFF)
Range Error I negative Range positive Range | Range Ermor

Limit (2 Limit (2

Underrange Area (* Nominal Range

Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.192.. pV /Step| il

-10V ov +10V
-8388608 0 +8388607
(0xFF800000) . (0x00000000) . (0x007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 54: Representation +10 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Amplitude (dB)

TICE

.8 | |
10° 10 10°
Frequency (Hz)

Fig. 55: Frequency response of measuring range +10 V, f..i,y = 1 kHz, integrated filters 1/2 deactivated
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Extended Range Mode (Default): [Defined resolution: 1.28 pV /Step| nlln
0.1V ov +10V +10.737..V
0 0 +7812500 +8388607

positive Range

0 value area

(0x00000000) (0x00000000) (0x00773594)  (0OxO07FFFFF)
I

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.1921..uV /Step| T
ov +10V
0 +8388607
(0x00000000) (0X007FFFFF)

positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 56: Representation 0...10 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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Amplitude (dB)

TICE

.8 I
10° 10 10?

Frequency (Hz)

Fig. 57: Frequency response of measuring range 0..10 V, fsampling = 1 kHz, integrated filters 1/2
deactivated
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3.8.2.3 Measurement 5V, 0..5V
Measurement mode 5V 0..5V
Measuring range, nominal -5..+5V 0..5V
Measuring range, end value (FSV) 5V
Measuring range, technically usable -5.368...+5.368 V 0...5.368 V
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) 640 nV
PDO LSB (Legacy Range) 596.. nV
Basic accuracy: Measuring deviation at 23°C, with < +0.0055 %, < 55 ppmegy,
averaging " <+0.3mV
Extended basic accuracy: Measuring deviation at 0...55°C, |< +0.0095 %, < £95 ppmgg,
with averaging, typ. "9 <+05mV
Offset/Zero point deviation (at 23°C) " |Egpee <15 ppMgsy
Gain/scale/amplification deviation (at Egan <40 ppm
23°C)"
Non-linearity over the whole measuring  |E;;, < 30 ppmesy
range "
1F){epeatability, over 24 h, with averaging |Ege, < 5 ppmesy
Temperature coefficient, typ." TCqain < 2.2 ppm/K

TCorset < 0.4 ppmeg, /K

<2 pVvIK

Common-mode rejection ratio (without filter) 2 DC: >115dB typ. 50 Hz: >105 dB typ. 1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) 2 DC: >115dB typ. 50 Hz: >115 dB typ. 1 kHz: >115 dB typ.
Largest short-term deviation during a specified electrical +0.05 % = 500 ppmegy typ.
interference test ?
Input impedance tInput 1 Differential typ. approx. 10 MQ || 11 nF
(internal resistance) CommonMode typ. approx. 40 nF against SGND

") Valid for ELM3148-00x0 since HW05, ELM3146-00x0 since HW03, ELM3144-00x0 since HW03,
ELM3142-00x0 since HWO02; specifications of predecessor-HW on request

2) Preliminary data

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uent)- IN real use, for example at a relatively constant ambient temperature T, pient, @

lower (better) achievable uncertainty is attained

. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Measurement mode 5V 0..5V

Noise (without filtering) Envise, pp < 90 ppmegy < 703 digits <0.45 mV
Enoise, Rus <15 ppmegy <117 digits <0.08 mV
Max. SNR >96.5dB
Noisedensity@1kHz WV

<3.35 VHz

Noise (with 50 Hz FIR filter) |Eygiso, pie <21 ppMmegy < 164 digits <0.11 mV
Enoise, s < 3.5 ppmegy < 27 digits <17.50 pv
Max. SNR >109.1 dB

Extended Range Mode (Default):

-5.368..V -5V
-8388608 -7812500
(OXFF800000) ~ (OxFF88CAGC)

Range Error

I negative Range

[Defined resolution: 640 nV /Step| ik

oV +5V +5.368..V
0 +7812500 +8388607

(0x00000000) i, (0x00773594)  (0x007FFFFF)
positive Range |

Range Error

Limit (2

Limit (2

Underrange Area (*

Nominal Range

Overrange Area (1

Legacy Range Mode (Optional):

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 596.. nV /Step]| ik

-5V oV +5V
-8388608 0 +8388607
(OXFF800000) ) (0x00000000) - (0X007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (

Nominal / Technical Range

Limit (*

Fig. 58: Representation +5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

ELM3xxx
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Amplitude (dB)

10 10 10

Frequency (Hz)

Fig. 59: Frequency response of measuring range +5 V, f.,.ins = 1 kHz, integrated filters 1/2 deactivated
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Extended Range Mode (Default): [Defined resolution: 640 nV /Step| il
-0.05V oV +5V 5.368..V
0 0 +7812500 +8388607
(0x00000000) (0x00000000) (0x00773594)  (0x007FFFFF)

0 value area positive Range

Range Error 1

Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 596.05.. nV /Step| T
ov +5V
0 +8388607
(0x00000000) (0x007FFFFF)

positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 60: Representation 0...5 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.

ELM3xxx
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-

Amplitude (dB)

TiCh1

10 10
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Fig. 61: Frequency response of measuring range 0..5 V, fsampling = 1 kHz, integrated filters 1/2 deactivated
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3.8.24 Measurement 2.5V
Measurement mode 25V
Measuring range, nominal -2.5..425V
Measuring range, end value (FSV) 25V
Measuring range, technically usable -2.684...+2.684 V
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) 320 nVv
PDO LSB (Legacy Range) 298..nV
Basic accuracy: Measuring deviation at 23°C, with < +0.0055 %, < 55 ppmegy,
averaging " <+04 mV
Extended basic accuracy: Measuring deviation at 0...55°C, |< +0.0095 %, < +95 ppmgg,
with averaging, typ. "9 <+02mV
Offset/Zero point deviation (at 23°C) " |Eggee <15 ppMesy
Gain/scale/amplification deviation (at Egain <40 ppm
23°C)"
Non-linearity over the whole measuring  |E;, < 30 ppmesy
range "
Repeatability, over 24 h, with averaging ”|Eg,, < 5 ppmesy
Temperature coefficient, typ." TCsain <2.2 ppm/K
TCoftset < 0.4 ppmes, /K

<1puVvIK
Common-mode rejection ratio (without filter) ? DC: >115dB typ. 50 Hz: >105 dB typ. 1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) 2 DC: >115dB typ. 50 Hz: >115 dB typ. 1 kHz: >115 dB typ.
Largest short-term deviation during a specified electrical +0.05 % = 500 ppmegy typ.
interference test ?
Input impedance zInput 1 Differential typ. approx. 10 MQ || 11 nF
(internal resistance) CommonMode typ. approx. 40 nF against SGND

") Valid for ELM3148-00x0 since HWO05, ELM3146-00x0 since HW03, ELM3144-00x0 since HWO03,
ELM3142-00x0 since HW02; specifications of predecessor-HW on request

2) Preliminary data

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument

allows a wider ambient temperature range in op

eration than 0...55 °C.

ELM3xxx

Version: 2.18
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Measurement mode 25V
Noise (without filtering) Envise, pp <100 ppMgsy < 781 digits <0.25 mV
Enoise, Rus <16 ppmesy < 125 digits <0.04 mV
Max. SNR >95.9dB
Noisedensity@1kHz
y@ WV
<1.79 VHz
Noise (with 50 Hz FIR filter) |Eygiso, pie <21 ppMmegy < 164 digits <0.05 mV
Enoise, s < 3.5 ppmgsy < 27 digits <8.75uVv
Max. SNR > 109.1 dB
Extended Range Mode (Default): [Defined resolution: 320 nV /Step) i
-2.684..V -2.5V ov +25V +2.684..V
-8388608 -7812500 0 +7812500 +8388607
(0XFF800000)  (OXFF88CA6C) (0x00000000)

Range Error

negative Range

positive Range

(0x00773594)  (0x007FFFFF)
I

Range Error

Limit (2

Limit (2

Underrange Area (*

Nominal Range

Overrange Area (*

Legacy Range Mode (Optional):

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 298.. nV /Step)|

-2.5V ov +2.5V
-8388608 0 +8388607
(0xFF800000) . (0x00000000) . (0x007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Underrange

Limit (*

Nominal / Technical Range

Overrange

Limit (2

Limit (*

Fig. 62: Representation +2.5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

130 Version: 2.18 ELM3xxx



BEGKHOFF Product overview

Amplituce (dB)
-

TiChi

10 10 10

Frequency (Hz)

Fig. 63: Frequency response of measuring range 2.5 V, f.,..i., = 1 kHz, integrated filters 1/2 deactivated
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3.8.25 Measurement #1.25V
Measurement mode .25V
Measuring range, nominal -1.25..41.25V
Measuring range, end value (FSV) 1.25V
Measuring range, technically usable -1.342...+1.342V
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) 160 nV
PDO LSB (Legacy Range) 149.. nV
Basic accuracy: Measuring deviation at 23°C, with < +0.0055 %, < 55 ppmegy,
averaging " <+04 mV
Extended basic accuracy: Measuring deviation at 0...55°C, |< +0.014 %, < £140 ppmgg,
with averaging, typ. "9 <+02mV
Offset/Zero point deviation (at 23°C) " |Eggee <15 ppMesy
Gain/scale/amplification deviation (at Egain <40 ppm
23°C)"
Non-linearity over the whole measuring  |E;, < 30 ppmesy
range "
Repeatability, over 24 h, with averaging ”|Eg,, < 5 ppmesy
Temperature coefficient, typ." TCgain <4 ppm/K
TCoftset < 0.4 ppmes, /K

<0.50 pV/K
Common-mode rejection ratio (without filter) ? DC: >115dB typ. 50 Hz: >105 dB typ. 1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) 2 DC: >115dB typ. 50 Hz: >115 dB typ. 1 kHz: >115 dB typ.
Largest short-term deviation during a specified electrical +0.05 % = 500 ppmegy typ.
interference test ?
Input impedance zInput 1 Differential typ. approx. 10 MQ || 11 nF
(internal resistance) CommonMode typ. approx. 40 nF against SGND

") Valid for ELM3148-00x0 since HWO05, ELM3146-00x0 since HW03, ELM3144-00x0 since HWO03,
ELM3142-00x0 since HW02; specifications of predecessor-HW on request

2) Preliminary data

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @

lower (better) achievable uncertainty is attained.

A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

132

Version: 2.18 ELM3xxx



BECKHOFF

Product overview

Measurement mode .25V

Noise (without filtering) Envise, pp <100 ppMgsy < 781 digits <0.13 mV
Enoise, Rus <16 ppmesy < 125 digits <0.02 mV
Max. SNR >95.9dB
Noisedensity@1kHz WV

<0.89 VHz

Noise (with 50 Hz FIR filter) |Eygiso, pie <21 ppMmegy < 164 digits <0.03 mVv
Enoise, s < 3.5 ppmegy < 27 digits <4.38 pv
Max. SNR >109.1 dB

Preliminary specifications:

Measurement mode .25V
Basic accuracy: Measuring deviation at 23°C, with averaging < +0.005% = 50 ppmgsy typ.
Extended basic accuracy: Measuring deviation at 0 to 60°C, with < +0.01% = 100 ppmgsy typ.
averaging
Offset/Zero Point deviation (at 23°C) Eoiset < 70 ppMesy
Gain/scale/amplification deviation (at Egain < 55 ppm
23°C)
Non-linearity over the whole measuring E.in < 25 ppmegy
range
Repeatability Egrep < 20 ppmesy
Temperature coefficient TCaain < 8 ppm/K typ.
TCofet < 5 ppmes/K typ.
Common-mode rejection ratio (without filtering) DC:>115dB typ. |50 Hz: >705 dB typ. |1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50Hz FIR filtering) DC:>115dB typ. |50 Hz: >115dB typ. |1 kHz: >715dB typ.
Largest short-term deviation during a specified electrical interference +0.05% = 500 ppmgg, typ.
test

Extended Range Mode (Default): [Defined resolution: 160 nV /Step) i
-1.490..V -1.25V ov +1.25V +1.490..V
-8388608 -7812500 0 +7812500 +8388607
(OxFF800000) (OxFF88CA6C) ) (0x00000000) . (0x00773594)  (0Ox007FFFFF)
negative Range positive Range
Range Error | | Range Error
Limit (2 Limit (2

Underrange Area (* Overrange Area (1

Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 149.. nV /Step] i
-1.25V ov +1.25V
-8388608 0 +8388607

(0xFF800000) . (0x00000000) . (0x007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2 Limit (2

Overrange
Limit (*

Underrange
Limit (*

Nominal / Technical Range

Fig. 64: Representation £1.25 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Fig. 65: Frequency response of measuring range £1.25 V, f,.,i,y = 1 kHz, integrated filters 1/2 deactivated
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3.8.2.6 Measurement £20 mA, 0...20 mA, 4...20 mA, NE43
Measurement mode 20 mA 0...20 mA 4...20 mA 3.6...21 mA
(NAMUR NE43)
Measuring range, nominal |-20...+#20 mA 0...20 mA 4...20 mA 4...20 mA
Measuring range, end 20 mA
value (FSV)
Measuring range, -21.474...+21.474 mA, |0...21.474 mA, 0...21.179 mA, 3.6...21 mA, overcurrent-
technically usable overcurrent-protected overcurrent-protected overcurrent-protected protected

Fuse protection

Internal overload limiting, continuous current resistant

PDO resolution 24 bit

(including sign)

PDO LSB (Extended 2.56 nA 2.048 nA

Range)

PDO LSB (Legacy Range) [2.384.. nA 1.907.. nA n.a.

ELM3xxx

Version: 2.18
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Measurement mode +20 mA, 0...20 mA, 4...20 mA, NE43
Basic accuracy: Measuring deviation at 23°C, with < +0.008 %, < £80 ppmgsy
averaging, typ. " <+16 yA
Extended basic accuracy: Measuring deviation at 0 to 60°C, |< +0.018 %, < £180 ppmgs,
with averaging, typ. "© <436 pA
Offset/Zero point deviation (at 23°C) " |Egyeer <15 ppMesy
Gain/scale/amplification deviation (at  |Egain <60 ppm
23°C)"
Non-linearity over the whole measuring |E,;, < 45 ppmegy
range "
Repeatability, over 24 h, with Egrep <10 ppmesy
averaging "
Temperature coefficient, typ." TCqain <5 ppm/K
TCofset < 0.5 ppmesy/K
<10 nA/K
Common-mode rejection ratio (without filter) ? DC: 50 Hz: 1 kHz:
< 3nA/V typ. < 5nA/V typ. < 80 nA/V typ.
Common-mode rejection ratio (with 50 Hz FIR filter) 2 DC: 50 Hz: 1 kHz:
< 3nA/\V typ. < 3nANV typ. < 3nA/\V typ.
Largest short-term deviation during a specified electrical +0.05 % = 500 ppmegy typ.
interference test ?
Input impedance *Input 1 Differential typ. approx. 150 Q || 11 nF
(internal resistance) CommonMode typ. approx. 40 nF against SGND
Common-mode voltage U, max. £10V
related to —Uv (internal ground)

) Valid for ELM3148-00x0 since HWO05, ELM3146-00x0 since HW03, ELM3144-00x0 since HWO03,
ELM3142-00x0 since HW02; specifications of predecessor-HW on request

?) Preliminary data

%) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Measurement mode 320 mA, 0...20 mA, 4...20 mA, 3.6...21 mA (NAMUR NE43)
Noise (without filtering) Enoise, pip < 165 ppMgsy < 1289 digits <3.30 A
Enoise, Rus < 25 ppmegy < 195 digits <0.50 pA
Max. SNR >92.0dB
Noisedensity@1kHz
nA
<2236 VHz
Noise (with 50 Hz FIR filter) Enoise, e < 39 ppmegy < 305 digits <0.78 pA
Enoise, rus < 6.5 ppmesy < 51 digits <130.00 nA
Max. SNR > 103.7 dB

Current measurement range ¥20 mA

Underrange Area (*

Nominal Range

Overrange Area (

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Extended Range Mode (Default): [Defined resolution: 2.56 nA /Step| i
-21.474.. mA -20 mA 0OmA +20 mA +21.474.. mA
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF88CAGC) . (0x00000000) " (0x00773594)  (0x007FFFFF)
negative Range positive Range
Range Error | 1 Range Error

Limit (2

Limit (2

Underrange
Limit (1

Nominal / Technical Range

Legacy Range Mode (Optional): [Calculated resolution: 2.384.. nA /Step)| T
-20 mA 0OmA +20 mA
-8388608 0 +8388607
(0xFF800000) negative Range (0x00000000) positive Range (Ox007FFFFF)
Range Error Range Error
Limit (2

Limit (2

Overrange
Limit (

Fig. 66: Representation current measurement range +20 mA

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range

is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.
In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

ELM3xxx Version: 2.18
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Current measurement range 0...20 mA

Extended Range Mode (Default): |Defined resolution: 2.56 nA /Step] T
-0.2 mA oV +20 mA +21.474.. mA
0 0 +7812500 +8388607

(0x00000000) (0x00000000) . (0x00773594)  (0x007FFFFF)
Range Error 0 value area positive Range |

Limit (2

Range Error
Limit (2

Underrange Area (* Nominal Range Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384..nA /Step| T
ov +20 mA
0 +8388607
(0x00000000) (OX007FFFFF)

Range Error positive Range

Range Error
Limit (2

Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 67: Representation current measurement range 0...20 mA

Current measurement range 4...20 mA

Extended Range Mode (Default): [Defined resolution: 2.048 nA /Step| i
OmA +3.8mA +4 mA +20 mA +21.179.. mA
-195312 -97656 0 +7812500 +8388607

(0xFFFE8288) (0x00000000) (0x00773594)  (0x007FFFFF)
| ] positive Range
Range Error

Range Error
Limit (2

Limit (2

Underrange Area (*

Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1,907.. nA /Step) T
+4 mA +20 mA
0 +8388607
(0x00000000) (0X007FFFFF)

Range Error positive Range

Range Error
Limit (2

Limit (2

Overrange
Limit (*

Nominal / Technical Range

Fig. 68: Representation current measurement range 4...20 mA

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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Current measuring range 3.6...21 mA (NAMUR)

Extended Range Mode (Default): [Defined resolution: 2.048 nA /Step] o
= Legacy Range Mode (Optional):

3.6 mA 3.8..mA 4 mA 20mA 20.5 mA 21 mA
-97656 0 +7812500 +8056641
(OXFFFES288) (0x00000000) (0x00773594) (0x007AEF41)
Range Error - I p05|t|ve Range I Range Error
Limit (2 Limit (2
Underrange Overrange
Limit (* Limit (*

Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: bits are set when measurement value exceeds 21 mA or falls below 3.6 mA (failure information level)

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Fig. 69: Chart: current measuring range 3.6...21 mA (NAMUR)

Only Extended Range mode for measuring range 4 mA NAMUR

Legacy Range mode is not available for this measurement range. The Extended Range Mode will
be set automatically and although a corresponding write access to the CoE Object 0x8000:2E
(Scaler) is not declined, the parameter is not changed.

i o
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3.9 ELM334x

3.9.1 ELM334x — Inroduction

M auseon ™ s L P I | g P 8
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i
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oJ BECKHOFF wJ BECKHOFF o) BECKHOFF 1

Fig. 70: ELM3344-0000, ELM3348-0000, ELM3344-0003, ELM3348-0003

4- and 8-channel analog input, temperature, thermocouple, 24 bit, high-precision, 1 ksps

The 4- and 8-channel EtherCAT Terminals from the ELM334x economy series are designed for temperature
measurement with thermocouples. All common thermocouple types are covered and, with a sampling rate of
1 ksps per channel, fast processes are also easy to record. The resolution is adjustable to 0.001 °C. The
channel properties can be adjusted individually for each channel via CoE. An exceptionally high measuring
accuracy is achieved through the precise measurement of the internal cold junction.

In the ELM334x-0000 version, the 6-pin connector (push-in) is removable for maintenance purposes without
loosening the individual cores. The internal ground for the external connection is also available on it in order
to avoid potential differences between channels. In addition, the ELM334x can also continuously measure
potential differences in order to detect impairments.

The ELM334x-0003 version with white “universal” thermocouple socket is designed in this series for the
highest accuracy requirements. As a result, the thermocouple of one type can be fed into the terminal and
thus measured even better. Changing the sensor in laboratory operation is even simpler with the mini socket.

Like all ELM3xxx terminals, the ELM334x devices support the TE1310 TwinCAT Filter Designer for
application-oriented filter design and the typical internal functions of the ELM3xxx for data processing such
as true RMS calculation, drag indicator, etc.

The fed-through power contacts simplify the potential distribution directly on the DIN rail. To reduce ambient
air effects, the ZS9100-0003 shielding hood, which is available as an accessory, can be mounted on the
terminal.

Available on request as a variant with factory working standard calibration certificate or ISO 17025/DAkkS
certificate and recalibration by the Beckhoff recalibration service.

Quick-Links

e EtherCAT basics
e Mounting and wiring [» 832]
e Commissioning [» 568]
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e Connection view [» 568]

¢ Object description and parameterization [» 620]
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3.9.2

ELM334x - Technical data

Technical data

ELM3344-000x ELM3348-000x

Analog inputs

4 channel (differential) 8 channel (differential)

Time relation between channels to each
other

Simultaneous conversion of all channels in the terminal (multiplex), synchronous
conversion between terminals, if DistributedClocks will be used. Timestamp each channel,
typ. sampling offset related to channel 1:

Ch.1: 0 us Ch.1: O s
Ch.2: +200 ps Ch.2: +100 ps
Ch.3: +400 ps Ch.3: +200 ps
Ch.4: +600 ps Ch.4: +300 ps
Ch.5: +400 ps
Ch.6: +500 ps
Ch.7: +600 ps
Ch.8: +700 ps

ADC conversion method

AX (Delta-Sigma) with internal sample rate 8 Msps

Cutoff frequency input filtering hardware
(see explanations within chapter

ELM Features/ Firmware filtering concept)

Before AD converter:
Hardware low pass -3 dB @ 330 Hz
type Butterworth 2nd order

Within ADC after conversion:
Low pass: -3 dB @ 10.9 kHz
type sinc3/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution 24 bit (including sign)
Connection technology 2-wire
Sampling rate (per channel) 1 ms/ 1 ksps

Free down sampling by Firmware via decimation factor

Oversampling

1...25 selectable

Supported EtherCAT cycle time
(depending on the operation mode)

DistributedClocks:
min. 200 ys+n-25us (n=0, 1, 2, ..); max. 10 ms

FrameTriggered/Synchron:
min. 200 ys +n - 25ps (n =0, 1, 2, ..); max. 100 ms

FreeRun: not yet supported

Connection diagnosis Wire break

Internal power supply Via E-bus

Current consumption E-bus typ. 220 mA typ. 260 mA
Current consumption power contacts -

Thermal power dissipation typ. 2 W

Dielectric strength - destruction limit

max. permitted short-term/permanent voltage between the contact points: +30 V

Recommended operation voltage range to
compliance with specification

max. permitted voltage at +Input, —Input, related to the internal analog ground (AGND)
(“operation as intended”):

125V

Common data

ELM3344-000x ELM3348-000x

Distributed Clocks

Yes, with Oversampling n = 1...25, accuracy << 1 ys

Special features

AGND (of the ELM334x-0000) leaded through, common mode measurement, freely
configurable numeric filters, TrueRMS, integrator/differentiator, non-linear scaling,
PeakHold

Functional diagnosis

Yes

Electrical isolation channel/channel ?

no

Electrical isolation channel/E-Bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

Configuration

via the EtherCAT Master, e.g. TWinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the

signal cable.

') see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [P 853]
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Basic mechanical
properties

ELM3344-000x ELM3348-000x

Connection type

ELM3344-0000 / ELM3348-0000:
6-pin push-in cage clamp, service plug

ELM3344-0003 / ELM3348-0003:
Mini-thermocouple-socket universal

Dimensions (W x H x D)

See chapter Housing [P 830

Mounting

on 35 mm rail conforms to EN 60715

Note mounting

ELM334x-0000: plug within scope of delivery,
see chapter Notes on connection technology/
Connection design Push-In with service plug [» 834

ELM334x-0003: plug not within scope of delivery,
see chapter Notes on connection technology/

Connection design Mini thermocouple [» 835

during storage

Weight approx. 350 g
Permissible ambient temperature range 0...+55°C
during operation

Permissible ambient temperature range  |-25...+85 °C

Environmental data

ELM3344-000x ‘ ELM3348-000x

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3344-000x ‘ ELM3348-000x

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC

EMC notes

In case of push-in and mini-TC connectors, ESD air discharges conforming to EN
61000-6-4 into the connectors or to the lines connected there can lead to measurement
deviations up to £FSV within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 into the Up supply (power contact) at
set connection “Connect Up- to GNDA" or “Connect Up- to AGND* within CoE (F800:01)
can lead to measurement deviations up to +FSV.

*) Real applicable approvals/markings see type plate on the side (product marking).

3.9.21 ELM334x overview measurement ranges
Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2-wire +320 mV REAL32 +343.6.. mV
INT32 Extended +343.6.. mV
INT32 Legacy +320 mV
+80 mV REAL32 +85.9.. mV
INT32 Extended +85.9.. mV
INT32 Legacy +80 mV
+40 mV REAL32 +42.95.. mV
INT32 Extended +42.95.. mV
INT32 Legacy +40 mV
+20 mV REAL32 +21.474.. mV
INT32 Extended +21.474.. mV
INT32 Legacy +20 mV
Temperature thermocouple 2-wire +80 mV Temperature 0.01°C |Depending on type up to 2320°C
(TC)
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Extended Range Mode (Default):

[Defined resolution: FSV/7812500]

-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0
(OxFF800000)  (OxFF88CA6C)

Range Error
Limit (2

+7812500 +8388607
: (0x00000000) - (0x00773594)  (0x007FFFFF)
I negative Range positive Range |

Range Error
Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

T
-FSv 0 Value +FSV
-8388608 0
(OXFF800000)

Range Error
Limit (2

+8388607
negative Range (0x00000000) positive Range (0x007FFFFF)

Range Error
Limit (2

Underrange
Limit (*

Overrange
Nominal / Technical Range

Limit (*

FSV = full scale value

Fig. 71: Overview measurement ranges, Bipolar

Extended Range Mode (Default): [Defined resolution: FSV/7812500] T
-1% FSV 0 +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) " (0x00773594)  (0xO07FFFFF)
positive Range
Range Error 0 value area 1 Range Error
Limit (2

Limit (2

Underrange Area (* Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607] il
0 +FSV
0 +8388607
(0x00000000) . (0x007FFFFF)
positive Range
Range Error Range Error
Limit (2

Limit (2
Underrange
Limit (*

Overrange

Nominal / Technical Range e

FSV = full scale value

Fig. 72: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.9.2.2 Measurement £20 mV..#320 mV
3.9.2.21 Measurement £320 mV
ELM334x
Measurement mode *320 mV
Measuring range, nominal -320...+320 mV
Measuring range, end value (FSV) 320 mV
Measuring range, technically usable -343.6...+343.6 mV
PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 40.96 nV 10.48576 pVv
PDO LSB (Legacy Range) 38.14..nV 9.765.. yv
Basic accuracy: Measuring deviation at 23°C, with averaging < +0.015 %, < £150 ppmegy typ.

< +48 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < +0.0225 %, < 225 ppmgsy typ.
averaging © < £72 pV typ.
Offset/Zero point deviation (at 23°C) Eoriset <40 ppMmesy
Gain/scale/amplification deviation (at 23°C) Egain <140 ppm
Non-linearity over the whole measuring range Ein < 40 ppmesy
Repeatability, over 24 h, with averaging Erep <10 ppMegy
Temperature coefficient TCaain <5 ppm/K typ.

TCofset <1 ppmes,/K typ.
< 0.32 pV/K typ.

test

Largest short-term deviation during a specified electrical interference

+tbd. % = tbd. ppmgg, typ.

Input impedance zInput 1
(internal resistance)

Differential typ. approx. 10 MQ || 6 nF
CommonMode typ. approx. 20 nF against SGND
Common Mode typ. 500 kQ || 0.2 nF against AGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [» 568]

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3344 (1 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
ELM3348 (1 ksps)
Noise (without filtering) Enoise, ptp < tbd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nv.
<tbd. VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < tbd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB

Extended Range Mode (Default): [Defined resolution: 40.96 nV /Step) T

-343.6.. mV -320 mV ov +320 mV +343.6.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF8BCAGC) . (0x00000000) . (0x00773594)  (OXO07FFFFF)
negative Range positive Range
Range Error | | Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

-320 mv
-8388608
(OxFF800000)

Range Error

Legacy Range Mode (Optional):

Technical Range

ov

0

negative Range

(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 38.147.. nV /Step| il

positive Range

+320 mV
+8388607
(0XO07FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 73: Representation £320 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.9.2.2.2 Measurement £80 mV
ELM334x
Measurement mode 80 mV
Measuring range, nominal -80...+80 mV
Measuring range, end value (FSV) 80 mV
Measuring range, technically usable -85.9...485.9 mV
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 10.24 nV 2.62144 pVv
PDO LSB (Legacy Range) 9.536.. nV 2.441.. pv
Basic accuracy: Measuring deviation at 23°C, with averaging < 0.02 %, < £200 ppmgsy typ.
<+16 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.027 %, < £270 ppmegy typ.
<$21.6 pV typ.

Offset/Zero point deviation (at 23°C) Eofiset <120 ppmegsy
Gain/scale/amplification deviation (at 23°C) Egain < 150 ppm
Non-linearity over the whole measuring range E.in < 50 ppmegy
Repeatability, over 24 h, with averaging Erep < 20 ppMegy
Temperature coefficient TCsain < 5 ppm/K typ.
TCoftset < 2.5 ppmesy/K typ.
< 0.2 pV/K typ.

test

Largest short-term deviation during a specified electrical interference

+tbd. % = tbd. ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. approx. 10 MQ || 6 nF
CommonMode typ. approx. 20 nF against SGND
Common Mode typ. 500 kQ || 0.2 nF against AGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [P _568]

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @

lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3344 (1 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
ELM3348 (1 ksps)
Noise (without filtering) Enoise, ptp < tbd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nv.
<tbd. VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < tbd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB

-85.9.. mV
-8388608

Range Error

Extended Range Mode (Default):

-80 mv
-7812500
(OXFF800000)  (OXFF88CAGC)

ov

0

(0x00000000)

negative Range

positive Range

[Defined resolution: 10.24 nV /Step)

+80 mV
+7812500

(0x00773594)
|

+85.9.. mV
+8388607
(0X007FFFFF)

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

-80 mv
-8388608
(OxFF800000)

Range Error

Legacy Range Mode (Optional):

Technical Range

ov

0

(0x00000000)

negative Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 9.537.. nV /Step|

positive Range

+80 mV
+8388607
(0XO07FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 74: Representation +80 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.9.2.23 Measurement £40 mV
ELM334x
Measurement mode 40 mV
Measuring range, nominal -40...+40 mV
Measuring range, end value (FSV) 40 mV
Measuring range, technically usable -42.95...+42.95 mV
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 5.12nV 1.31072 pv
PDO LSB (Legacy Range) 4.768.. nV 1.220.. pv
Basic accuracy: Measuring deviation at 23°C, with averaging < 0.03 %, < 300 ppmgsy typ.
<+12 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.042 %, < +420 ppmeg, typ.
<+16.8 pV typ.

Offset/Zero point deviation (at 23°C) Eofiset < 230 ppmegsy
Gain/scale/amplification deviation (at 23°C) Egain <170 ppm
Non-linearity over the whole measuring range E.in < 80 ppmegy
Repeatability, over 24 h, with averaging Erep < 30 ppMegy
Temperature coefficient TCsain < 7.5 ppm/K typ.
TCoftset <5 ppmes,/K typ.
< 0.2 pV/K typ.

test

Largest short-term deviation during a specified electrical interference

+tbd. % = tbd. ppmggy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. approx. 10 MQ || 6 nF
CommonMode typ. approx. 20 nF against SGND
Common Mode typ. 500 kQ || 0.2 nF against AGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [P _568]

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @

lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3344 (1 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
ELM3348 (1 ksps)
Noise (without filtering) Enoise, ptp < tbd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nv.
<tbd. VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < tbd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB

Extended Range Mode (Default): |Defined resolution: 5.12 nV /Step| T

-42.95.. mV -40 mV ov +40 mV +42.95.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF8BCAGC) . (0x00000000) . (0x00773594)  (OXO07FFFFF)
negative Range positive Range
Range Error | | Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

-40 mv
-8388608
(OxFF800000)

Range Error

Legacy Range Mode (Optional):

Technical Range

ov

0

negative Range

(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 4.768.. nV /Step)| il

positive Range

+40 mV
+8388607
(0XO07FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 75: Representation +40 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

150

Version: 2.18

ELM3xxx



BECKHOFF

Product overview

3.9.2.24 Measurement £20 mV
ELM334x
Measurement mode 20 mV
Measuring range, nominal -20...+20 mV
Measuring range, end value (FSV) 20 mV
Measuring range, technically usable -21.474...+21.474 mV
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 2.56 nV 655.36 nV
PDO LSB (Legacy Range) 2.384..nV 610.37.. nV
Basic accuracy: Measuring deviation at 23°C, with averaging < +0.055 %, < £550 ppmggy typ.
<+11 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging ©

< +0.0905 %, < +905 ppmgs, typ.
<+18.1 pV typ.

Offset/Zero point deviation (at 23°C) Eofiset <490 ppmegsy
Gain/scale/amplification deviation (at 23°C) Egain <190 ppm
Non-linearity over the whole measuring range E.in < 150 ppmesy
Repeatability, over 24 h, with averaging Erep < 50 ppmegy
Temperature coefficient TCsain <10 ppm/K typ.
TCoftset <20 ppmes,/K typ.
< 0.4 pVIK typ.

test

Largest short-term deviation during a specified electrical interference

< xtbd. % = tbd. ppmgsy typ.

Input impedance tInput 1
(internal resistance)

Differential typ. approx. 10 MQ || 6 nF
CommonMode typ. approx. 20 nF against SGND
Common Mode typ. 500 kQ || 0.2 nF against AGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [P _568]

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @

lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3344 (1 ksps)

Noise (without filtering) Encise, e < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nV
< tbd. VHz
Noise (with 50 Hz FIR filter) Encise, ptp < thd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmegy < tbd. digits < tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
ELM3348 (1 ksps)
Noise (without filtering) Enoise, ptp < tbd. ppmgsy < tbd. digits <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Noisedensity@1kHz
nv.
<tbd. VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < tbd. ppmgsy tbd. <tbd. pv
Enoise, Rus < tbd. ppmgsy < tbd. digits <tbd. pv
Max. SNR > tbd. dB
Common-mode rejection ratio (without filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB
Common-mode rejection ratio (with 50 Hz FIR filter), typ. DC: >tbd. dB 50 Hz: >tbd. dB 1 kHz: >tbd. dB

Extended Range Mode (Default): |Defined resolution: 2.56 nV /Step| T

-21.474.. mV -20 mV ov +20 mV +21.474.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000)  (OxFF8BCAGC) . (0x00000000) . (0x00773594)  (OXO07FFFFF)
negative Range positive Range
Range Error | | Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (!

-20 mv
-8388608
(OxFF800000)

Range Error

Legacy Range Mode (Optional):

Technical Range

ov

0

(0x00000000)

negative Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 2.384.. nV /Step)| il

positive Range

+20 mV
+8388607
(0XO07FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 76: Representation £20 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.9.2.3 Thermocouple measurement

Thermocouple basics

The following sections assume that the reader is familiar with the contents of the chapter on "Fundamentals
of thermocouple technology".

Application to ELM334x

The terminal supports voltage measurement and conversion of various thermocouple types, see following
list.

For voltage measurement, the specified electrical measuring range specified for the respective TC type is
used.

Isolated (i.e. none earthed) thermocouple elements have to be used. If earthed thermocouple elements are
used, it is to be expected that disturbances by the unclear earth potential will affect the measurement.

TC measuring range

Legacy Range Mode (Optional): [Calculated resolution: FSV/8388607 T
-FSv 0 Value +FSvV
-8388608 0 +8388607
(0xFF800000) . (0x00000000) . (0x007FFFFF)
negative Range positive Range
Range Error Range Error
Limit (2 Limit (2

Underrange Overrange
Limit (* . . Limit (*
Nominal / Technical Range

FSV = full scale value

Fig. 77: Chart: TC measuring range

In temperature mode, only the legacy range is available, the extended range is not available.

The temperature display in [°C/digit] (e.g. 0.1°/digit or 0.01°/digit) is independent from the electrical
measurement. It is “just” a display setting and results from the PDO setting, see chapter "Comissioning".
TC types supported by the ELM334x:

+ A-10...2500°C

* A-20...1800°C

+ A-30...1800°C

* Au/Pt0...1000°C

+ B 200...1820°C

+ C0..2320°C

* DO0...2490°C

« E-270...1000°C

+ G 1000...2300°C

+ J-210...1200°C

+ K-270...1372°C

« L-50...900°C

* N-270...1300°C

« P (PLII)0...1395°C

* Pt/Pd 0...1500°C

+ R-50...1768°C
S -50...1768°C
T -270...400°C
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+ U-50...600°C

The specification data for each type are listed below.

3.9.2.3.1 TC measurement with Beckhoff terminals

Thermocouple specification and conversion

Temperature measurement with thermocouples generally comprises three steps:
» Measuring the electrical voltage,
 optional: Temperature measurement of the internal cold junction,
+ optional: Software-based conversion of the voltage into a temperature value according to the set
thermocouple type (K, J, ...).

All three steps can take place locally in the Beckhoff measuring device. Device-based transformation can be
disabled if the conversion is to take place in the higher-level control system. Depending on the device type,
several thermocouple conversions are available, which differ in terms of their software implementation.

For Beckhoff thermocouple measuring devices this means that

* a specification of the electrical voltage measurement is provided and

* based on this, the effect on temperature measurement is specified depending on the supported
thermocouple type. Note that thermocouple characteristic curves are always realized as higher-order
equations or by a sampling points table in the software, therefore a direct, linear U — T transfer only
makes sense in a harrow range.

@® Data for the sensor types in the following table

1 The values for the sensor types listed in the following table are shown here merely for informative
purposes as an orientation aid. All data are given without guarantee and must be cross-checked
against the data sheet for the respective sensor employed.

The thermocouple measurement consists of a chain of measuring and computing elements that affect the
attainable measurement deviation:

accuracy transformation
specification accuracy
Terminal/ Module
Coldjunction Transformation

| Tsens |—>| TC Sensor }—> measurement T—-U Transformation ‘I EtherCAT
i U—-T
U-measurement

Y

3

Sensor:

accuracy specification Channel: Tmeasured  realized accuracy
A
t?Cclt.ll;acy andt | Tartient | transformation
ambien .e.mp.era ure accuracy
specification '

desired accuracy
Fig. 78: Concatenation of the uncertainties in temperature measurement with thermocouples

The given voltage specification is decisive for the achievable temperature measuring accuracy. It is applied
to the possible thermocouple types in the following.
On account of

+ the strong non-linearity that exists with thermocouple, which suggests a meaningful use of it in a limited
temperature range (if possible),

* influence of the possibly used internal cold junction,
+ the possible use of an external cold junction, the specification of which is not known at this point, and

« the influence of the ambient temperature on the evaluation unit used in the voltage and cold junction
measurement (leads to a change in T, .sureq dUE 10 AT 1 pient)
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detailed temperature specification tables are not given below, but rather
« one short table per thermocouple type
o with indication of the electrical measuring range used in the voltage measurement

o with indication of the entire technically usable measuring range supported by the device. This is
also the linearization range of the temperature transformation, usually the application range of the
respective thermocouple specified in the standards.

Note: the electrical measuring range is designed to cover the entire linearization range. The entire
temperature measuring range can therefore be used

o with indication of the measuring range recommended by Beckhoff for this type. It is a subset of the
technically usable measuring range and covers the measuring range commonly used in industry in
which a relatively low measurement uncertainty is still achieved.

Since thermocouples have a non-linear characteristic curve across the entire implemented
linearization range as shown in the chapter on thermocouple principles, the specification of
measurement uncertainty over this entire range as the so-called basic accuracy would be
unrealistic and even misleading. A much smaller uncertainty is achieved in the temperature range
commonly used in industry. Nevertheless, it is of course possible to use the device outside of the
"recommended measuring range" (but within the "technically usable measuring range")

o with the specified measurement uncertainty in the "recommended measuring range" at an ambient
temperature of 23 °C and 55 °C, where the measurement uncertainty at 55 °C corresponds to the
value for 23 °C +32 °C.

Thus, the measurement uncertainty at other ambient temperatures in the recommended
measuring range can be approximately interpolated or extrapolated. The values can also be taken
from the specification plot.

Attention when determining the temperature coefficient (TC [K/Kamb]): the specified values do not
necessarily have to be available for the same T,,! To determine TC, read the measurement
uncertainty values from the plot at T, and calculate TC.

« the "Specification Plot": a comprehensive specification statement as a graphical representation of the
measurement uncertainty for T, at the two aforementioned ambient temperatures and additionally
39 °C in the entire technically usable measuring range. The representation of the measurement
uncertainty at 39 °C ambient temperatures (mean temperature between 23 °C and 55 °C) shows the
non-linear influence of the temperature on the measurement uncertainty.

If accuracy values outside of the "recommended measuring range" are required, they can thus be read
graphically here.

» some formulas to calculate further parameters (offset / gain / non-linearity / repeatability / noise) from
the specification at the desired operation point if required.

Notes on the calculation of detailed specifications

If further specifications are of interest, they can or must be calculated from the values given in the voltage
specification.

The sequence:

» General: The conversion is explained here only for one measuring point (a certain input signal); the
steps simply have to be repeated in case of several measuring points (up to the entire measuring
range).

» The determination of the entire temperature error at a measuring point results from two steps:
o Determination of the temperature error from the error of the voltage measurement,

o Determination of the error by the cold junction measurement at the temperature of the measuring
point.

> Note: Due to the non-linearity of the thermocouples, it is not possible to easily add the temperature
errors

« If the measured voltage is not known at the measured temperature measuring point, the measured
value MW = Uyeasuring point (Tweasuring point) MUst be determined with the help of an U—T table.

» The deviation is calculated at this voltage value:
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> Via the total equation

Erot =\{ (Ecain - %)2*’ (Tccan - AT - %)2‘* EOﬁsel2+ ELm2+ EF-:e02+ (15 . ENnise.PtP)2+ (Tcoftset - AT)2+ (Eage- NYears)2

o or a single value, e.g. Egjge = 15 ppmgsy

o the measurement uncertainty in [mV] must be calculated:

Evoltage(Umeasuring point) = ETotaI(Umeasuring point) ’ FSV

or: Evoltage(Umeasuring point) = ESingIe(Umeasuring point) ’ FSV
or (if already known) €.9.: Egage(Umeasuring point) = 0-003 mV

> Also, for the calculation of the cold junction error required for further calculations, the entire error
must be calculated using the above equation.

* The slope at the point used must then be determined:

AUproK(Tmeasuring point) = [U(Tmeasuring point + 1 OC) - U(Tmeasuring point )] / 1 OC
with the help of an U—-T table

» The cold junction error is given as a temperature in °C. The temperature error must then be converted
into a voltage error in [mV] via the slope at the temperature measuring point:
ECJC, U(Tmeasuring point) = ECJC, T ’ AUproK(-I-mef:isuring point)

» The combined error in [mV] must then be calculated using a square addition of the voltage error and
the cold junction error:

- 2 2
Evoltage+CJC - J(Evoitage) + {EC.JC, U)

o For calibrated thermocouples, the thermocouple error can also be included at this point in order to
determine the combined error of the entire system in mV. For this purpose, all three error
influences in [mV] (voltage, cold junction, thermocouple) must be added squarely.

» The temperature measurement uncertainty can be calculated via the voltage measurement uncertainty
and the slope

ETemp(Umeasuring point) = (Evoltage+CJC(Tmeasuring point)) / (AUproK(Tmeasuring point))

The numerical values used in the following three examples are for illustration purposes. The specification
values given in the technical data remain authoritative.

Sample 1:

Basic accuracy of an ELM3704 at 35 °C ambient, measurement of 400 °C with thermocouple type K, without
noise and aging influences:

Tmeasuring point = 400 OC
MW = Uso i s00rc = 16.397 mV

l

2 2 2 2 2 2
Etotm =J(55 ppm - %) + (s ppm/K-12K - %) +(70 pomesv) + (25 ppmiesv) + (20 ppmrsy) + (5 ppm/K 12 K)

=100.196 ppmggy

Fuottage(Umeasuring point) = 100.196 ppmeg, - 80 mV = 8.016 uVv

AU (T measuring point) = (U(401 °C) - U(400 °C)) / (1 °C) = 42.243 pV/°C
Feie r = tbd

Fese, u(Tmeasuring point) = tod °C - 42.243 pV/°C = thd uVvV

Fyotagescuc = tbd

FELM3704@35°C,type K, 400°C = (Fvoltage+CJC UV) / (42243 UV/OC) =~ tbd OC (meanS itbd OC)
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Sample 2:

Consideration of the repeatability alone under the above conditions:
T measuring point = 400 °C

MW=U,casuring point (400 °C) = 16.397 mV

Fsingle = 20 ppMegy

Fyottage = 20 ppMeg, - 80 mV = 1.6 yVv

AU (T measuring point) = (U(401 °C) - U(400 °C)) / (1 °C) = 42.243 pV/°C
Feic, singe = thd °C

Feuc, single, Ul Tmeasuring point) = thd °C - 42.243 uV/°C = tbd pV

Fyotagescuc = tbd

FTemp(Umeasuring point) = (Fvoltage+CJC UV) / (42243 UV/OC) = tbd OC (meanS itbd Oc:)

Sample 3:

Consideration of the RMS noise alone without filter under the above conditions:
T measuring point = 400 °C

MW=U,casuring point (400 °C) = 16.397 mV

Fsingle = 37 PPMesy

Fuottage = 37 PPMeg, - 80 mV = 2.96 pV

AU e (T measuring point) = (U(401 °C) - U(400 °C)) / (1 °C) = 42.243 pV/°C

Fec, singe = thd °C

Fesc, single, U Tmeasuring point) = tbd °C - 42.243 uV/°C = tbd pV

Fyotagescuc = tbd

FTemp(Umeasuring point) = (Fvoltage+CJC UV) / (42243 “V/OC) =~ tbd OC (meanS itbd QC)

3.9.2.3.2 Specification notes

The following tables with the TC specification apply only when using the internal cold junction. In the
ELM334x/ ELM370x, each channel has its own cold junction sensor.

The terminal can also be used with an external cold junction if required. The uncertainties must then be
determined for the external cold junction on the application side. The temperature value of the external cold
junction must then be communicated to the terminal via the process data for its own calculation. The effect
on the TC measurement must then be calculated on the system side.

Thermal stabilization

The specification values for the measurement of the cold junction given here apply only if the following times
are adhered to for thermal stabilization at constant ambient temperature

« after switching on: 60 min
« after changing wiring/connectors: 15 min

Ambient air in motion
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For a constant TC measurement, thermally stable environmental conditions around the ELM terminal are
important. Air movements around the terminal with a possibly varying air temperature must be avoided. If
these are unavoidable, the separately available ZS9100-0003 shielding hood should be used for thermal
shielding. The following specification was created without a shielding hood in a quiet environment.

Fig. 79: ZS9100-0003 shielding hood
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Wire cross-section on push-in connector

Depending on the temperature gradient, the TC wire supplies heat to the ELM connector or removes heat
from it. Even under thermally constant conditions, this leads to an offset deviation. If very accurate
measurement is required, this can have a disruptive effect. The above values apply to a wire thickness of
0.2 mm (0.0314 mm?). For thicker wires an offset deviation occurs due to the temperature gradient according

to the following diagram:

& | 0.25— — Max. (95 %)
5 — Average
2 1020 verag
2 = Min. (95 %)
QU
S 0.5
-
[h]
§ o010 |
3
g
= 0.05
©
S 0
§
< -0.05
-0.10
-0.15 | | |
0.00 0.05 0.15 0.2 0.3 0.35 0.4
(0.00)  (0.25) (0.44)  (0.50) (0.62)  (0.67)  (0.71)
—_—

Wire cross-section [mm?2]
(Diameter [mm])

Fig. 80: Additional deviation over TC wire cross-section/ diameter of ELM334x-0000 with push-in plug

So the terminal is measuring "too warm" and the specified amount must be subtracted from the measured

value accordingly.

The diagram was determined at room temperature (23 °C) and corresponding terminal operational
temperature. A deviated room temperature has no appreciable influence, because the terminal temperature
adjusts itself accordingly again and the heat gradient remains the same.

Note: Additional measurement deviations related to the TC wire cross-section/diameter are negligibly small
for Lemo and Mini-TC connector types.

Specification of the internal cold junction measurement

Measurement mode

Cold junction

ELM3348-0000,
ELM3344-0000

ELM3348-0003,
ELM3344-0003

Basic accuracy: Measuring deviation at 23°C, with averaging <+0.5°C <104 °C
Repeatability Erep <25mK <25mK
Temperature coefficient Tc < 7.5 mK/K < 7.5 mK/IK

In the following, the achievable temperature measurement uncertainty is now specified for the individual TC
types, listed by type in ascending order.

ELM3xxx

Version: 2.18
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3.9.23.3 ELM3348-00x0, ELM3344-00x0

3.9.2.3.3.1 Specification type A-1

Temperature measurement TC Type A-1

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +2500 °C

Measuring range, end value (FSV) +2500 °C

Measuring range, recommended +100 °C ... +2000 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.2 K= £0.05 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.4 K= £0.06 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type A-1:

38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
’ cold junction accuracy: +/- 0.5 °C thermocouple type A-1

3.6 U excluding gain specification: +/~ 10.52 uV tech. usable range: 0°C to 2500°C at 39°C device ambient temp. (ncl. cic)

34 U gain specification: +/- 150 ppm recommended range: 100°C to 2000°C
! cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1.2°C

3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.4°C
3 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),

voltage specification transformed to temp.

at 55°C device ambient temp. (incl. cjc) ~ *

ELM3348-00x0, ELM3344-00x0, type A-1

0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950 2100 2250 2400
thermocouple measurement temperature [°C]
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3.9.2.3.3.2 Specification type A-2

Temperature measurement TC Type A-2

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1800 °C

Measuring range, end value (FSV) +1800 °C

Measuring range, recommended +100 °C ... +1600 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.0 K= 10.06 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.2 K= £0.07 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type A-2:

38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
’ cold junction accuracy: +/- 0.5 °C thermocouple type A-2

3.6 U excluding gain specification: +/- 10.52 uV tech. usable range: 0°C to 1800°C

3.4 U gain specification: +/- 150 ppm recommended range: 100°C to 1600°C
! cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1°C

3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.2°C

3 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
é) .

at 39°C device ambient temp. (incl. cjc)

at 55°C device ambient temp. (incl. cic) ~ *
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3.9.2.3.3.3 Specification type A-3

Temperature measurement TC Type A-3

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1800 °C

Measuring range, end value (FSV) +1800 °C

Measuring range, recommended +100 °C ... +1600 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.0 K= 10.06 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.2 K= £0.07 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type A-3:

4 !
38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
’ cold junction accuracy: +/- 0.5 °C thermocouple type A-3
3.6 U excluding gain specification: +/~ 10.52 uV tech. usable range: 0°C to 1800°C at 39°C device ambient temp. (inc. )
3.4 U gain specification: +/- 150 ppm recommended range: 100°C to 1600°C
' cold junction temp. coeff.: +/~ 7.5 mK/K at 23°C ambient: +/- 1°C at 55°C device ambient temp. (incl. cic)  *
3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.2°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
3 voltage specification transformed to temp.
028
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3.9.2.3.34 Specification type Au/Pt

Temperature measurement TC Type Au/Pt

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1000 °C

Measuring range, end value (FSV) +1000 °C

Measuring range, recommended +250 °C ... +1000 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient 1+0.64 K= £0.06 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.73 K= 20.07 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type Au/Pt:

2 .
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.5 °C thermocouple type Au-Pt
1.8 U excluding gain specification: +/- 10.52 uV  tech. usable range: 0°C to 1000°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 250°C to 1000°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.64°C at 55°C device ambient temp. (incl cic)  *
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.73°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
1.4

measurement deviation +/— [°C]

0.2

ELM3348-00x0, ELM3344-00x0, type Au-Pt
0

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
thermocouple measurement temperature [°C]
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3.9.2.3.3.5 Specification type B

Temperature measurement TC Type B

Electrical measuring range used +80 mV

Measuring range, technically usable +200 °C=0.178 mV ... #1820 °C = 13.820 mV
Measuring range, end value (FSV) +1820 °C

Measuring range, recommended

+750 °C ... +1800 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the
recommended measuring
range, with averaging

@ 23 °C ambient
temperature

£1.5 K = £0.08 %¢sy

@ 55 °C ambient
temperature

+1.8 K= +0.1 %pgy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type B:

basic specification (U FSV = 80mV)
7.5 cold junction accuracy: +/- 0.5 °C

U excluding gain specification: +/- 10.52 uV tech. usable range: 200°C to 1820°C

thermocouple specification (incl. cjc)
thermocouple type B

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
7 U gain specification: +/- 150 ppm recommended range: 750°C to 1800°C
6.5 cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1.5°C at 55° device ambient temp. (inc. cic)
. U offset temp. coeff.: +/= 0.2 uV/K at 55°C ambient: +/- 1.8°C
1 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
6 . voltage specification transformed to temp.
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3.9.2.3.3.6 Specification type C

Temperature measurement TC Type C

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C=0mV ... +2320 °C = 37.107 mV
Measuring range, end value (FSV) +2320 °C

Measuring range, recommended 0°C ... +2000 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.1 K= 10.05 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient 1+1.3 K= £0.06 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type C:

38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc)
: cold junction accuracy: +/- 0.5 °C thermocouple type C
3.6 U excluding gain specification: +/- 10.52 uV tech. usable range: 0°C to 2320°C
3.4 U gain specification: +/- 150 ppm recommended range: 0°C to 2000°C
! cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1.1°C
3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.3°C

3 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
é) .

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)

at 55°C device ambient temp. (incl. cic) ~ *
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3.9.2.3.3.7 Specification type D

Temperature measurement TC Type D

Electrical measuring range used +80 mV

Measuring range, technically usable 0°...4+2490 °C

Measuring range, end value (FSV) +2490 °C

Measuring range, recommended 0°C ... +2200 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.51 K= £0.02 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.57 K= +0.02 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type D:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.5 °C thermocouple type D
1.8 U excluding gain specification: +/-~ 10.52 uV tech. usable range: 0°C to 2490°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 0°C to 2200°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.51°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.57°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),

voltage specification transformed to temp.
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3.9.2.3.3.8 Specification type E

Temperature measurement TC Type E

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C =-9.835mV ... +1000 °C = 76.373 mV
Measuring range, end value (FSV) +1000 °C

Measuring range, recommended

-100 °C ... +1000 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the
recommended measuring
range, with averaging

@ 23 °C ambient
temperature

£0.55 K = £0.06 %gsy

@ 55 °C ambient
temperature

+0.62 K = £0.06 Y%rqy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type E:

‘ basic specification (U FSV = 80mV)
cold junction accuracy: +/- 0.5 °C
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: -270°C to 1000°C
U gain specification: +/- 150 ppm
cold junction temp. coeff.: +/- 7.6 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K
U gain temp. coeff.: +/- 5 ppm/K

=
o~

measurement deviation +/— [°C]

thermocouple specification (incl. cjc)
thermocouple type E

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: —-100°C to 1000°C
at 23°C ambient: +/- 0.55°C
at 55°C ambient: +/- 0.62°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,

ELM3348-00x0, ELM3344-00x0, type E
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3.9.2.3.3.9 Specification type G

Temperature measurement TC Type G

Electrical measuring range used +80 mV

Measuring range, technically usable +1000 ° ... +2300 °C
Measuring range, end value (FSV) +2300 °C

Measuring range, recommended

+1000 °C ... +2300 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the @ 23 °C ambient
recommended measuring |temperature
range, with averaging

+0.51 K= +0.02 %¢sy

@ 55 °C ambient
temperature

+0.56 K = £0.02 %rqy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type G:

2
basic specification (U FSV = 80mV)
cold junction accuracy: +/- 0.5 °C
1.8
U gain specification: +/- 150 ppm
cold junction temp. coeff.: +/- 7.5 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K

U gain temp. coeff.: +/- 5 ppm/K

=
o~

_.
o

o
®

measurement deviation +/— [°C]

°
e}

U excluding gain specification: +/- 10.52 uV tech. usable range: 1000°C to 2300°C

thermocouple specification (incl. cjc)
thermocouple type G

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: 1000°C to 2300°C
at 23°C ambient: +/- 0.51°C
at 55°C ambient: +/- 0.56°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,

0.4
0.2
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3.9.2.3.3.10 Specification type J

Temperature measurement TC Type J

Electrical measuring range used +80 mV

Measuring range, technically usable -210 °C = -8.095 mV ... +1200 °C = +69.553 mV
Measuring range, end value (FSV) +1200 °C

Measuring range, recommended

-100 °C ... +1200 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the
recommended measuring
range, with averaging

@ 23 °C ambient
temperature

£0.56 K = £0.05 %gey

@ 55 °C ambient
temperature

+0.65 K = 0.05 %rqy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type J:

2
basic specification (U FSV = 80mV)
cold junction accuracy: +/- 0.5 °C
1.8
U gain specification: +/- 150 ppm
cold junction temp. coeff.: +/- 7.5 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K
U gain temp. coeff.: +/- 5 ppm/K
1.4

-
o

measurement deviation +/— [°C]

U excluding gain specification: +/- 10.52 uV tech. usable range: -210°C to 1200°C

thermocouple specification (incl. cjc)
thermocouple type J

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: —100°C to 1200°C
at 23°C ambient: +/- 0.56°C
at 55°C ambient: +/- 0.65°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,

0.4
0.2
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3.9.2.3.3.11 Specification type K

Temperature measurement TC Type K

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C = -6.458 mV ... 1372 °C = 54.886 mV
Measuring range, end value (FSV) +1372°C

Measuring range, recommended -100 °C ... #1200 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.61 K= £0.04 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.71 K= 20.05 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type K:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.5 °C thermocouple type K
18 U excluding gain specification: +/- 10.52 uV tech. usable range: -270°C to 1372°C at 39°C device ambient temp. (incl. cic)
U gain specification: +/- 150 ppm recommended range: —100°C to 1200°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.61°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.71°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),

voltage specification transformed to temp.

=
o~

measurement deviation +/— [°C]

0.2
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3.9.2.3.3.12 Specification type L

Temperature measurement TC Type L

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-2.510 mV ... +900 °C = 52.430 mV
Measuring range, end value (FSV) +900 °C

Measuring range, recommended 0°C ... +900 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient 10.54 K= £0.06 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient 10.6 K= £0.07 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type L:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.5 °C thermocouple type L
1.8 U excluding gain specification: +/- 10.562 uV tech. usable range: -50°C to 900°C at 39°C device ambient temp. (incl. cic)
U gain specification: +/- 150 ppm recommended range: 0°C to 900°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.54°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.6°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
1.4

_.
o

measurement deviation +/— [°C]
o
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3.9.2.3.3.13 Specification type N

Temperature measurement TC Type N

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C = -4.346 mV ... +1300 °C = 47.513 mV
Measuring range, end value (FSV) +1300 °C

Measuring range, recommended

0°C ... +1200 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the
recommended measuring
range, with averaging

@ 23 °C ambient
temperature

+0.64 K= +0.05 %sy

@ 55 °C ambient
temperature

+0.73 K = £0.06 Y%rqy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type N:

basic specification (U FSV = 80mV)
cold junction accuracy: +/- 0.5 °C
1.8 . U excluding gain specification: +/- 10.52 uV tech. usable range: -270°C to 1300°C
U gain specification: +/- 150 ppm
cold junction temp. coeff.: +/- 7.5 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K
. U gain temp. coeff.: +/- 5 ppm/K

=
o~

measurement deviation +/— [°C]

0.2

thermocouple specification (incl. cjc)
thermocouple type N

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: 0°C to 1200°C
at 23°C ambient: +/- 0.64°C
at 55°C ambient: +/- 0.73°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,

ELM3348-00x0, ELM3344-00x0, type N
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3.9.2.3.3.14 Specification type P

Temperature measurement TC Type P

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C...+1395°C

Measuring range, end value (FSV) +1395 °C

Measuring range, recommended 0°C ... +1300 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient 1+0.64 K= £0.05 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.75 K= 20.05 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type P:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.5 °C thermocouple type P (Platinel II)
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: 0°C to 1395°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 0°C to 1300°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.64°C at 55°C device ambient temp. (incl cic)  *
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.75°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
1.4

_.
o

o
®
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3.9.2.3.3.15 Specification type Pt/Pd

Temperature measurement TC Type Pt/Pd

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1500 °C

Measuring range, end value (FSV) +1500 °C

Measuring range, recommended +500 °C ... +1500 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.69 K= £0.05 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.79 K= £0.05 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type Pt/Pd:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.5 °C thermocouple type Pt-Pd
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: 0°C to 1500°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 500°C to 1500°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.69°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.79°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),

voltage specification transformed to temp.
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3.9.2.3.3.16 Specification type R

Temperature measurement TC Type R

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-0.226 mV ... +1768 °C = 21.101 mV
Measuring range, end value (FSV) +1768°C

Measuring range, recommended +250 °C ... +1700 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.2 K= 10.07 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient 1+1.4 K= £0.08 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type R:

38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
’ cold junction accuracy: +/- 0.5 °C thermocouple type R

3.6 U excluding gain specification: +/- 10.52 uV tech. usable range: -50°C to 1768°C

34. U gain specification: +/- 150 ppm recommended range: 250°C to 1700°C
! cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1.2°C

3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/— 1.4°C

3 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
CP .

at 39°C device ambient temp. (incl. cjc)

at 55°C device ambient temp. (incl. cic) ~ *
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3.9.2.3.3.17 Specification type S

Temperature measurement TC Type S

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-0.236 mV ... +1768 °C = 18.693 mV
Measuring range, end value (FSV) +1768°C

Measuring range, recommended +250 °C ... +1700 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.3 K= 10.07 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.5 K= £0.08 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type S:

4
38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
: cold junction accuracy: +/- 0.5 °C thermocouple type S
3.6 U excluding gain specification: +/- 10.52 uV tech. usable range: -50°C to 1768°C at 39° device ambient temp. (ncl. cic)
3.4 U gain specification: +/- 150 ppm recommended range: 250°C to 1700°C
' cold junction temp. coeff.: +/~ 7.5 mK/K at 23°C ambient: +/- 1.3°C at 55°C device ambient temp. (incl. cic)  *
3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.5°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
3 voltage specification transformed to temp.
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3.9.2.3.3.18 Specification type T

Temperature measurement TC Type T

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C = -6.258 mV .... +400 °C = 20.872 mV
Measuring range, end value (FSV) +400 °C

Measuring range, recommended -100 °C ... +400 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.62 K= £0.15 %5y

recommended measuring |temperature
range, with averaging

@ 55 °C ambient 0.7 K= £0.17 Y%y

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type T:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.5 °C thermocouple type T
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: ~270°C to 400°C at 39°C device ambient temp. (incl. cic)
d U gain specification: +/- 150 ppm recommended range: —100°C to 400°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.62°C at 55° device ambient temp. (inc. cic)
1.6 . U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.7°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
1.4

measurement deviation +/— [°C]
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3.9.2.3.3.19 Specification type U

Temperature measurement TC Type U

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-1.850 mV ... +600 °C = 33.600 mV
Measuring range, end value (FSV) +600 °C

Measuring range, recommended 0°C ... +600 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.57 K= £0.09 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.64 K= 20.11 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type U:

2 .
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)

cold junction accuracy: +/- 0.5 °C thermocouple type U
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: -50°C to 600°C at 39°C device ambient temp. (incl. cic)

U gain specification: +/- 150 ppm recommended range: 0°C to 600°C

cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.57°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.64°C

U gain temp. coeff.: +/- 5 ppm/K a1 23°C device ambient temp. (without cic),

voltage specification transformed to temp.
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3.9.2.34 ELM3348-00x3, ELM3344-00x3
3.9.2.3.4.1 Specification type A-1
Temperature measurement TC Type A-1

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +2500 °C
Measuring range, end value (FSV) +2500 °C

Measuring range, recommended

+100 °C ... +2000 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the @ 23 °C ambient
recommended measuring |temperature
range, with averaging

+1.2 K = $0.05 %oy

@ 55 °C ambient
temperature

+1.4 K = £0.06 %oy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type A-1:

4
38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)

: cold junction accuracy: +/- 0.4 °C thermocouple type A-1
3.6 U excluding gain specification: +/~ 10.52 uV tech. usable range: 0°C to 2500°C at 39°C device ambient temp. (ncl. cic)
34 U gain specification: +/- 150 ppm recommended range: 100°C to 2000°C

. cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/— 1.2°C at 55°C device ambient temp. (incl. cic)  *
3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.4°C

3 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),

voltage specification transformed to temp.
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3.9.2.3.4.2 Specification type A-2

Temperature measurement TC Type A-2

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1800 °C

Measuring range, end value (FSV) +1800 °C

Measuring range, recommended +100 °C ... +1600 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.96 K= £0.05 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.2 K= £0.07 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type A-2:

4 ‘
38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
’ cold junction accuracy: +/- 0.4 °C thermocouple type A-2
3.6 U excluding gain specification: +/~ 10.52 uV tech. usable range: 0°C to 1800°C at 39°C device ambient temp. (inc. )
3.4 U gain specification: +/- 150 ppm recommended range: 100°C to 1600°C
. cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.96°C at 55°C device ambient temp. (incl cic)  *
3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.2°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
3 voltage specification transformed to temp.
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3.9.2.3.43 Specification type A-3

Temperature measurement TC Type A-3

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1800 °C

Measuring range, end value (FSV) +1800 °C

Measuring range, recommended +100 °C ... +1600 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.97 K= £0.05 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.2 K= £0.07 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type A-3:

4 ‘
38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
’ cold junction accuracy: +/- 0.4 °C thermocouple type A-3
3.6 U excluding gain specification: +/~ 10.52 uV tech. usable range: 0°C to 1800°C at 39°C device ambient temp. (inc. )
3.4 U gain specification: +/- 150 ppm recommended range: 100°C to 1600°C
. cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.97°C at 55°C device ambient temp. (incl cic)  *
3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.2°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
3 voltage specification transformed to temp.
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3.9.2.3.4.4 Specification type Au/Pt

Temperature measurement TC Type Au/Pt

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1000 °C

Measuring range, end value (FSV) +1000 °C

Measuring range, recommended +250 °C ... +1000 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.57 K= £0.06 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.66 K= +0.07 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type Au/Pt:

2 .
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.4 °C thermocouple type Au-Pt
1.8 U excluding gain specification: +/- 10.52 uV  tech. usable range: 0°C to 1000°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 250°C to 1000°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.57°C at 55°C device ambient temp. (incl cic)  *
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.66°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
1.4

measurement deviation +/— [°C]
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3.9.2.3.4.5 Specification type B

Temperature measurement TC Type B

Electrical measuring range used +80 mV

Measuring range, technically usable +200 °C=0.178 mV ... #1820 °C = 13.820 mV
Measuring range, end value (FSV) +1820 °C

Measuring range, recommended +750 °C ... +1800 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.5 K= 10.08 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.8 K= +0.1 %rgy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type B:

8
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
7.5 cold junction accuracy: +/- 0.4 °C thermocouple type B
U excluding gain specification: +/- 10.52 uV tech. usable range: 200°C to 1820°C at 39°C device ambient temp. (incl. cic)
7 U gain specification: +/- 150 ppm recommended range: 750°C to 1800°C
6.5 cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1.5°C at 55° device ambient temp. (inc. cic)
: U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.8°C
1 U gain temp. coeff.: +/- 5 ppm/K a1 23°C device ambient temp. (without cic),
6 . voltage specification transformed to temp.
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3.9.2.3.4.6 Specification type C

Temperature measurement TC Type C

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C=0mV ... +2320 °C = 37.107 mV
Measuring range, end value (FSV) +2320 °C

Measuring range, recommended 0°C ... +2000 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.0 K= 10.04 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient 1+1.3 K= £0.06 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type C:

38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
: cold junction accuracy: +/- 0.4 °C thermocouple type C

3.6 U excluding gain specification: +/- 10.52 uV tech. usable range: 0°C to 2320°C

3.4 U gain specification: +/- 150 ppm recommended range: 0°C to 2000°C
! cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1°C

3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.3°C

3 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
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3.9.2.3.4.7 Specification type D

Temperature measurement TC Type D

Electrical measuring range used +80 mV

Measuring range, technically usable 0°...4+2490 °C

Measuring range, end value (FSV) +2490 °C

Measuring range, recommended 0°C ... +2200 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.41 K= £0.02 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.48 K= +0.02 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type D:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.4 °C thermocouple type D
1.8 U excluding gain specification: +/-~ 10.52 uV tech. usable range: 0°C to 2490°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 0°C to 2200°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.41°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.48°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
1.4

_.
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measurement deviation +/— [°C]
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3.9.2.3.4.8 Specification type E

Temperature measurement TC Type E

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C =-9.835mV ... +1000 °C = 76.373 mV
Measuring range, end value (FSV) +1000 °C

Measuring range, recommended

-100 °C ... +1000 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the
recommended measuring
range, with averaging

@ 23 °C ambient
temperature

+0.46 K= +0.05 %sy

@ 55 °C ambient
temperature

+0.54 K = £0.05 %rqy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type E:

2
| basic specification (U FSV = 80mV)
‘ cold junction accuracy: +/- 0.4 °C
1.8 |
| U gain specification: +/- 150 ppm
l cold junction temp. coeff.: +/- 7.6 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K

U gain temp. coeff.: +/- 5 ppm/K

=
o~

measurement deviation +/— [°C]

U excluding gain specification: +/- 10.52 uV tech. usable range: -270°C to 1000°C

thermocouple specification (incl. cjc)
thermocouple type E

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: —-100°C to 1000°C
at 23°C ambient: +/- 0.46°C
at 55°C ambient: +/- 0.54°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,
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3.9.2.3.4.9 Specification type G

Temperature measurement TC Type G

Electrical measuring range used +80 mV

Measuring range, technically usable +1000 ° ... +2300 °C
Measuring range, end value (FSV) +2300 °C

Measuring range, recommended

+1000 °C ... +2300 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the @ 23 °C ambient
recommended measuring |temperature
range, with averaging

$0.41 K = £0.02 %,q,

@ 55 °C ambient
temperature

+0.48 K = £0.02 %rqy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type G:

2
basic specification (U FSV = 80mV)
cold junction accuracy: +/- 0.4 °C
1.8
U gain specification: +/- 150 ppm
cold junction temp. coeff.: +/- 7.5 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K
U gain temp. coeff.: +/- 5 ppm/K
1.4

_.
o

o
®

measurement deviation +/— [°C]

°
e}

U excluding gain specification: +/- 10.52 uV tech. usable range: 1000°C to 2300°C

thermocouple specification (incl. cjc)
thermocouple type G

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: 1000°C to 2300°C
at 23°C ambient: +/- 0.41°C
at 55°C ambient: +/- 0.48°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,

0.4
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3.9.2.3.4.10 Specification type J

Temperature measurement TC Type J

Electrical measuring range used +80 mV

Measuring range, technically usable -210 °C = -8.095 mV ... +1200 °C = +69.553 mV
Measuring range, end value (FSV) +1200 °C

Measuring range, recommended

-100 °C ... +1200 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the
recommended measuring
range, with averaging

@ 23 °C ambient
temperature

+0.48 K= +0.04 %¢sy

@ 55 °C ambient
temperature

+0.57 K = £0.05 %rqy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type J:

2
basic specification (U FSV = 80mV)
cold junction accuracy: +/- 0.4 °C
1.8
U gain specification: +/- 150 ppm
cold junction temp. coeff.: +/- 7.5 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K

U gain temp. coeff.: +/- 5 ppm/K

=
o~

_.
o

measurement deviation +/— [°C]

U excluding gain specification: +/- 10.52 uV tech. usable range: -210°C to 1200°C

thermocouple specification (incl. cjc)
thermocouple type J

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: —100°C to 1200°C
at 23°C ambient: +/- 0.48°C
at 55°C ambient: +/- 0.57°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,

ELM3348-00x3, ELM3344-00x3, type J
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3.9.2.3.4.11 Specification type K

Temperature measurement TC Type K

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C = -6.458 mV ... 1372 °C = 54.886 mV
Measuring range, end value (FSV) +1372°C

Measuring range, recommended -100 °C ... #1200 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.53 K= £0.04 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.64 K= £0.05 %;sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type K:

2
i basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
| cold junction accuracy: +/- 0.4 °C thermocouple type K
1.8 \ U excluding gain specification: +/- 10.52 uV tech. usable range: -270°C to 1372°C at 39°C device ambient temp. (incl. cic)
U gain specification: +/- 150 ppm recommended range: —100°C to 1200°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.53°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.64°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
1.4

measurement deviation +/— [°C]
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3.9.2.3.4.12 Specification type L

Temperature measurement TC Type L

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-2.510 mV ... +900 °C = 52.430 mV
Measuring range, end value (FSV) +900 °C

Measuring range, recommended 0°C ... +900 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.45 K= £0.05 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.52 K= +0.06 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type L:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.4 °C thermocouple type L
1.8 U excluding gain specification: +/- 10.562 uV tech. usable range: -50°C to 900°C at 39°C device ambient temp. (incl. cic)
U gain specification: +/- 150 ppm recommended range: 0°C to 900°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.45°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.52°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),

voltage specification transformed to temp.
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3.9.2.3.4.13 Specification type N

Temperature measurement TC Type N

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C = -4.346 mV ... +1300 °C = 47.513 mV
Measuring range, end value (FSV) +1300 °C

Measuring range, recommended

0°C ... +1200 °C

PDO LSB

0.1/0.01/0.001°C/digit, depending on PDO setting

Uncertainty in the
recommended measuring
range, with averaging

@ 23 °C ambient
temperature

+0.57 K= +0.04 %¢sy

@ 55 °C ambient
temperature

+0.66 K = £0.05 %.qy

Temperature coefficient
(Change of the measured value by changing of the
terminal ambient temperature)

Because the value is strongly dependent by the sensor temperature as shown
on the bottom given specification plot, it has to be basically derived by the
specification plot. For a better approach the measurement uncertainty at
Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance)

see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type N:

2
basic specification (U FSV = 80mV)
cold junction accuracy: +/- 0.4 °C
1.8
U gain specification: +/- 150 ppm
cold junction temp. coeff.: +/- 7.5 mK/K
1.6 U offset temp. coeff.: +/- 0.2 uV/K
U gain temp. coeff.: +/- 5 ppm/K
1.4

measurement deviation +/— [°C]

0.2

U excluding gain specification: +/- 10.52 uV tech. usable range: -270°C to 1300°C

thermocouple specification (incl. cjc)
thermocouple type N

at 23°C device ambient temp. (incl. cjc)

at 39°C device ambient temp. (incl. cjc)
recommended range: 0°C to 1200°C
at 23°C ambient: +/- 0.57°C
at 55°C ambient: +/- 0.66°C

at 55°C device ambient temp. (incl. cic) ~ *

at 23°C device ambient temp. (without cic),
voltage specification transformed to temp,

ELM3348-00x3, ELM3344-00x3, type N
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3.9.2.3.4.14 Specification type P

Temperature measurement TC Type P

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C...+1395°C

Measuring range, end value (FSV) +1395 °C

Measuring range, recommended 0°C ... +1300 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.56 K = £0.04 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.69 K= +0.05 %:sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type P:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.4 °C thermocouple type P (Platinel II)
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: 0°C to 1395°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 0°C to 1300°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.56°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.69°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
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3.9.2.3.4.15 Specification type Pt/Pd

Temperature measurement TC Type Pt/Pd

Electrical measuring range used +80 mV

Measuring range, technically usable 0°C ... +1500 °C

Measuring range, end value (FSV) +1500 °C

Measuring range, recommended +500 °C ... +1500 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.63 K= £0.04 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.73 K= +0.05 %sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type Pt/Pd:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.4 °C thermocouple type Pt-Pd
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: 0°C to 1500°C at 39°C device ambient temp. (inc. )
U gain specification: +/- 150 ppm recommended range: 500°C to 1500°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.63°C at 55°C device ambient temp. (incl cic)  *
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.73°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
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3.9.2.3.4.16 Specification type R

Temperature measurement TC Type R

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-0.226 mV ... +1768 °C = 21.101 mV
Measuring range, end value (FSV) +1768°C

Measuring range, recommended +250 °C ... +1700 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.2 K= 10.07 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient 1+1.4 K= £0.08 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type R:

4
38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
’ cold junction accuracy: +/- 0.4 °C thermocouple type R
3.6 U excluding gain specification: +/- 10.52 uV tech. usable range: -50°C to 1768°C at 39° device ambient temp. (ncl. cic)
3.4 U gain specification: +/- 150 ppm recommended range: 250°C to 1700°C
e cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1.2°C at 55° device ambient temp. (inc. cic)
3.2 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/— 1.4°C
. U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
3+ voltage specification transformed to temp.
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3.9.2.3.4.17 Specification type S

Temperature measurement TC Type S

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-0.236 mV ... +1768 °C = 18.693 mV
Measuring range, end value (FSV) +1768°C

Measuring range, recommended +250 °C ... +1700 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +1.3 K= 10.07 %¢sy

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +1.5 K= £0.08 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type S:

38 basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
: cold junction accuracy: +/- 0.4 °C thermocouple type S

3.6 U excluding gain specification: +/- 10.52 uV tech. usable range: -50°C to 1768°C

3.4 U gain specification: +/- 150 ppm recommended range: 250°C to 1700°C
! cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 1.3°C

3.2 I U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 1.5°C

3 U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
é) .

at 39°C device ambient temp. (incl. cjc)
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3.9.2.3.4.18 Specification type T

Temperature measurement TC Type T

Electrical measuring range used +80 mV

Measuring range, technically usable -270 °C = -6.258 mV .... +400 °C = 20.872 mV
Measuring range, end value (FSV) +400 °C

Measuring range, recommended -100 °C ... +400 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.55 K= £0.14 %5y

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.64 K= 0.16 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type T:

2
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.4 °C thermocouple type T
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: ~270°C to 400°C at 39°C device ambient temp. (incl. cic)
U gain specification: +/- 150 ppm recommended range: —100°C to 400°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.55°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.64°C
* U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
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3.9.2.3.4.19 Specification type U

Temperature measurement TC Type U

Electrical measuring range used +80 mV

Measuring range, technically usable -50 °C =-1.850 mV ... +600 °C = 33.600 mV
Measuring range, end value (FSV) +600 °C

Measuring range, recommended 0°C ... +600 °C

PDO LSB 0.1/0.01/0.001°C/digit, depending on PDO setting
Uncertainty in the @ 23 °C ambient +0.48 K= £0.08 %5y

recommended measuring |temperature
range, with averaging

@ 55 °C ambient +0.56 K= +0.09 %¢sy

temperature
Temperature coefficient Because the value is strongly dependent by the sensor temperature as shown
(Change of the measured value by changing of the |on the bottom given specification plot, it has to be basically derived by the
terminal ambient temperature) specification plot. For a better approach the measurement uncertainty at

Tambient=39°C as the middle between 23°C and 55°C is additionally informative
represented in order to clarify the non-linear course.

Input impedance (internal resistance) see specification in the voltage measurement range of the terminal

Measurement uncertainty for TC type U:

2 .
basic specification (U FSV = 80mV) thermocouple specification (incl. cjc) at 23°C device ambient temp. (incl. cjc)
cold junction accuracy: +/- 0.4 °C thermocouple type U
1.8 U excluding gain specification: +/- 10.52 uV tech. usable range: -50°C to 600°C at 39°C device ambient temp. (incl. cic)
U gain specification: +/- 150 ppm recommended range: 0°C to 600°C
cold junction temp. coeff.: +/- 7.5 mK/K at 23°C ambient: +/- 0.48°C at 55° device ambient temp. (inc. cic)
1.6 U offset temp. coeff.: +/- 0.2 uV/K at 55°C ambient: +/- 0.56°C
U gain temp. coeff.: +/- 5 ppm/K at 23°C device ambient temp. (without cic),
voltage specification transformed to temp.
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3.10 ELM350x

3.10.1 ELM350x - Introduction

P} eumasioon ™ evzsoroon

hJ BECKHOFF

Fig. 81: ELM3502-0000, ELM3504-0000

2 and 4 channel measuring bridge analysis, full/half/quarter bridge, 24 bit, 10/ 20 ksps

The ELM350x EtherCAT terminals are designed for the evaluation of measuring bridges in full-bridge, half-
bridge and quarter-bridge configuration. The terminals feature internally switchable supplementary resistors.
The feed is integrated. Like all other parameters, the supply voltage is adjustable in the CoE. Irrespective of
the signal configuration, all ELM3xxx terminals have the same technological properties. The ELM350x
terminals for the evaluation of measuring bridges offer a maximum sampling rate of 10,000 or 20,000
samples per second. The 6-pin plug (push-in) can be removed for maintenance purposes without releasing
the individual wires.

Optional calibration certificate:
+ with factory calibration certificate as ELM350x-0020: on request
» external calibrated (ISO17025 or DAkks) as ELM350x-0030: on request

Re-calibration service via the Beckhoff service: on request

Quick-Links

e EtherCAT basics
e Mounting and wiring [» 832]
e Commissioning [P 568]

e Connection view [» 568]

* Object description and parameterization [P 630]
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3.10.2

ELM350x - Technical data

Technical data

ELM3502-00x0 ELM3504-00x0

Analog inputs

2 channel (differential) 4 channel (differential)

Time relation between channels to each
other

Simultaneous conversion of all channels in the terminal, synchronous conversion between
terminals, if DistributedClocks will be used

ADC conversion method

A% (Delta-Sigma) with internal sample rate

8 Msps 5.12 Msps
Cutoff frequency input filter hardware Before AD converter:
(see explanations in chapter hardware low pass -3 dB @ 30 kHz
Firmware filter concept) type butterworth 3th order

Within ADC after conversion:

Low pass Low pass

-3 dB @ 5.3 kHz, ramp-up time 150 ys

-3 dB @ 2.6 kHz, ramp-up time 300 ps

Type sinc3/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution

24 bit (including sign)

Connection technology

2/3/4/5/6-wire

Sampling rate (per channel, simultaneous)

50 ps/20 ksps 100 ps/10 ksps

Free down sampling by Firmware via decimation factor

Oversampling

1...100 selectable

Supported EtherCAT cycle time
(depending on the operation mode)

DistributedClocks: min. 100 ps, max. 10 ms
FrameTriggered/Synchron: min. 200 ps, max. 100 ms
FreeRun: not yet supported

Connection diagnosis

Wire break/short cut

Internal analog ground AGND

Existing by external connection to -Uv

Overvoltage protection of the inputs
related on -Uv (internal ground)

value to follow

Internal power supply via E-bus

Current consumption E-bus typ. 450 mA typ. 720 mA
Current consumption power contacts -

Thermal power dissipation typ. 3 W

Dielectric strength - destruction limit

Max. permitted short-term/continuous voltage between each contact points 11, 12, +Uv
and —Uv: non-supplied +40 V, supplied +36 V

Note: -Uv corresponds to internal AGND

Recommended operation voltage range to
compliance with specification

Max. permitted voltage during specified normal operation between +I1 and +I2: typ. 10 V
against —Uv

Note: -Uv corresponds to internal AGND

Common data

ELM3502-00x0 ELM3504-00x0

Distributed Clocks

Yes, with Oversampling n = 1...100, accuracy << 1 s

Special features

Extended Range 107 %, freely configurable numeric filters, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold

Functional diagnosis

Yes

Electrical isolation channel/channel ?

no

Electrical isolation channel/E-Bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

Configuration

via the EtherCAT Master, e.g. TWinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the
signal cable.

') see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [P _853]

Basic mechanical properties

ELM3502-00x0 ‘ ELM3504-00x0

Connection type

6-pin push-in cage clamp, service plug

Dimensions (W x H x D)

See chapter Housing [» 830

Mounting

on 35 mm rail conforms to EN 60715

ELM3xxx

Version: 2.18 199




Product overview

BECKHOFF

Basic mechanical properties

ELM3502-00x0 ‘ ELM3504-00x0

Note Mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [P 834

Weight Approx. 350 g

Permissible ambient temperature range ELM3502-0000: -25...+60 °C 0...+55°C
during operation ELM3502-0030: 0...+55 °C

Permissible ambient temperature range  |ELM3502-0000: -40...+85 °C -25...485 °C
during storage ELM3502-0030: -25...+85 °C

Environmental data

ELM3502-00x0 ‘ ELM3504-00x0

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3502-00x0 [ELM3504-00x0

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC, cULus [» 890

EMC notes

In case of push-in and mini-TC connectors, ESD air discharges conforming to EN
61000-6-4 into the connectors or to the lines connected there can lead to measurement
deviations up to £FSV within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 that are applied to the cable shield can

lead to measurement deviations up to +FSV.

*) Real applicable approvals/markings see type plate on the side (product marking).
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3.10.2.1 ELM350x overview measurement ranges
Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2 wire 10V Extended +10.737..V
Legacy +10V
+80 mV Extended +85.9.. mV
Legacy +80 mV
PT1000 2/3/4 wire 2000 Q Legacy 266 °C
Potentiometer 3/5 wire +1 VIV Extended +1 VIV
Legacy
Full bridge 4/6-wire 32 mV/IV Extended +34.359.. mV/V
Legacy +32 mV/V
+8 mV/V Extended +8.5899.. mV/V
Legacy +8 mV/V
+4 mV/IV Extended 1+4.2949.. mV/V
Legacy +4 mV/V
2 mV/V Extended +2.1474.. mV/IV
Legacy +2 mV/V
+4 mV/V comp. Extended +4.2949.. mV/V
Legacy +4 mV/IV
+2 mV/V comp. Extended +2.1474.. mV/IV
Legacy +2 mV/V
Half bridge 3/5-wire +16 mV/V Extended +17.179.. mV/V
Legacy +16 mV/V
+8 mV/V Extended +8.5899.. mV/V
Legacy +8 mV/V
+4 mV/V Extended +4.2949.. mV/V
Legacy +4 mV/V
+2 mV/V Extended +2.1474.. mV/IV
Legacy +2 mV/V
+4 mV/V comp. Extended +4.2949.. mV/V
Legacy +4 mV/V
+2 mV/V comp. Extended +2.1474.. mVIV
Legacy +2 mV/V
Quarter bridge 2/3 wire 32 mV/IV Extended +34.359.. mV/V
120/350/1000 Q Legacy £32 mV/V
+8 mV/V Extended +8.5899.. mV/V
Legacy +8 mV/V
+4 mV/V Extended +4.2949.. mV/V
Legacy +4 mV/V
+2 mVIV Extended 12.1474.. mV/IV
Legacy +2 mV/V
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Extended Range Mode (Default):

[Defined resolution: FSV/7812500]

-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0
(OxFF800000)  (OxFF88CA6C)

Range Error
Limit (2

+7812500 +8388607
: (0x00000000) - (0x00773594)  (0x007FFFFF)
I negative Range positive Range |

Range Error
Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

T
-FSv 0 Value +FSV
-8388608 0
(OXFF800000)

Range Error
Limit (2

+8388607
negative Range (0x00000000) positive Range (0x007FFFFF)

Range Error
Limit (2

Underrange
Limit (*

Overrange
Nominal / Technical Range

Limit (*

FSV = full scale value

Fig. 82: Overview measurement ranges, Bipolar

Extended Range Mode (Default): [Defined resolution: FSV/7812500] T
-1% FSV 0 +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) " (0x00773594)  (0xO07FFFFF)
positive Range
Range Error 0 value area 1 Range Error
Limit (2

Limit (2

Underrange Area (* Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607] il
0 +FSV
0 +8388607
(0x00000000) . (0x007FFFFF)
positive Range
Range Error Range Error
Limit (2

Limit (2
Underrange
Limit (*

Overrange

Nominal / Technical Range e

FSV = full scale value

Fig. 83: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

202

Version: 2.18 ELM3xxx



BECKHOFF

Product overview

3.10.2.2 Measurement £10 V
Measurement mode M0V
Measuring range, nominal -10...+10 V
Measuring range, end value (FSV) 10V
Measuring range, technically usable -10.737...+10.737 V
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 1.28 pv 327.68 pv
PDO LSB (Legacy Range) 1.192.. pv 305.18.. pVv
Basic accuracy: Measuring deviation at 23°C, with averaging, typ. " < 0.015 %, < £150 ppmegy,

<+1.5mV
Extended basic accuracy: Measuring deviation at 0...55°C, with < +0.023 %, < £230 ppmegy
averaging, typ. "¢ <+23mV
Offset/Zero point deviation (at 23°C) " Eofeet < 30 ppMesy
Gain/scale/amplification deviation (at Egan < 140 ppm
23°C) "
Non-linearity over the whole measuring Ein < 40 ppmegy
range "
Repeatability, over 24 h, with averaging " |Eg., < 20 ppMmesy
Temperature coefficient, typ. TCgain <5 ppm/K

TCotset <2 ppmes, /K
<20 pviK

test

Largest short-term deviation during a specified electrical interference

+0.03% = 300 ppmegy typ.

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 4.12 MQ || 11 nF
CommonMode typ. approx. 40 nF against SGND

") valid for ELM3504-00x0 since HW06, ELM3502-00x0 since HW05

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [P _568]

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3502 (20 ksps)

Noise (without filtering) Enoise, pip < 80 ppmegy < 625 digits <0.80 mV
Enoise, RMs <13 ppMesy < 102 digits <130.00 pVv
Max. SNR >97.7 dB
Noisedensity@1kHz

y@ LV
<1.30 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <9 ppMesy < 70 digits <90.00 pv
Enoise, RS < 1.5 ppMegy < 12 digits <15.00 pv
Max. SNR >116.5dB

ELM3504 (10 ksps)

Noise (without filtering) Encise, e < 60 ppmesy < 469 digits <0.60 mV
Enoise, Rus <10 ppMesy < 78 digits <100.00 pv
Max. SNR >100.0 dB
Noisedensity@1kHz

y@ LWV
<141 VHz

Noise (with 50 Hz FIR filter) Enoise, e <9 ppMesy < 70 digits <90.00 pv
Enoise, Rus < 1.5 ppmggy < 12 digits <15.00 pv
Max. SNR >116.5dB

Preliminary specifications:

Measurement mode M0V

Common-mode rejection ratio (without filter)

DC: >7115dB typ. |50 Hz: >105 dB typ.

1 kHz: >80 dB typ.

Common-mode rejection ratio (with 50 Hz FIR filter)

DC:>115dB typ. |50 Hz: >115 dB typ.

1 kHz: >115 dB typ.

Extended Range Mode (Default):

[Defined resolution: 1.28 pV /Step| i

-10.737..V -10V ov +10V +10.737..V
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000) ~ (OXFF88CA6C) (0x00000000) (0x00773594)  (Ox007FFFFF)

Range Error

negative Range

positive Range

Range Error

Limit (2

Limit (2

Underrange Area (*

Nominal Range

Overrange Area (!

Range Error

Legacy Range Mode (Optional):

negative Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 1.192.. pV /Step) I

positive Range

-10Vv ov +10V
-8388608 0 +8388607
(OxFF800000) (0x00000000) (Ox007FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 84: Representation +10 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.10.2.3 Measurement ¥80 mV
Measurement mode 80 mV
Measuring range, nominal -80...+80 mV
Measuring range, end value (FSV) 80 mV
Measuring range, technically usable -85.9...+85.9 mV
PDO resolution (including sign) 24 bit 16 bit ?
PDO LSB (Extended Range) 10.24 nV 2.621.. yv
PDO LSB (Legacy Range) 9.536.. nV 2.441.. pv
Basic accuracy: Measuring deviation at 23°C, with averaging, typ. " < 0.02 %, < £200 ppmgsy

<+16.0 v
Extended basic accuracy: Measuring deviation at 0...55°C, with < +0.0305 %, < +305 ppmgsy
averaging, typ. "¢ <244 0V
Offset/Zero point deviation (at 23°C) " Eofiset < 95 ppMesy
Gain/scale/amplification deviation (at Egan < 165 ppm
23°C)"
Non-linearity over the whole measuring Ein < 60 ppmesy
range "
Repeatability, over 24 h, with averaging " |Eg., < 20 ppMmesy
Temperature coefficient, typ. TCgain <5 ppm/K

TCotset <5 ppmes, /K

<0.40 pV/IK
Largest short-term deviation during a specified electrical interference +0.03% = 300 ppmesy
test
Input impedance *Input 1 Differential typ. approx. 4.12 MQ || 11 nF
(internal resistance) CommonMode typ. approx. 40 nF against SGND

") valid for ELM3504-00x0 since HW06, ELM3502-00x0 since HW05

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [P _568]

®) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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ELM3502 (20 ksps)

Noise (without filtering) Enoise, pip <190 ppMgsy < 1484 digits <15.20 yv
Enoise, RMs < 32 ppMesy < 250 digits <2.56 uv
Max. SNR >89.9dB
Noisedensity@1kHz
y@ LV
<0.03 VHz
Noise (with 50 Hz FIR filter) Enoise, pip < 20 ppmegy < 156 digits <1.60 pv
Enoise, RS < 4.0 ppmeggy < 31 digits <0.32 pv
Max. SNR >108.0 dB
ELM3504 (10 ksps)
Noise (without filtering) Encise, e < 150 ppmggy < 1172 digits <0.01 mVv
Enoise, Rus < 25 ppmesy < 195 digits <2.00 pv
Max. SNR >92.0dB
Noisedensity@1kHz
y@ LWV
<0.03 VHz
Noise (with 50 Hz FIR filter) Enoise, e <18 ppmesy < 141 digits <1.44 pv
Enoise, Rus < 3.0 ppMegy < 23 digits <0.24 pv
Max. SNR >110.5dB
Preliminary specifications:
Measurement mode +80 mV

Common-mode rejection ratio (without filter)

DC: >115dB typ.

50 Hz: >105 dB typ.

1 kHz: >80 dB typ.

Common-mode rejection ratio (with 50 Hz FIR filter)

DC: >115dB typ.

50 Hz: >115 dB typ.

1 kHz: >115 dB typ.

Extended Range Mode (Default):

[Defined resolution: 10.24 nV /Step| i

-85.9.. mV -80 mV ov +80 mV +85.9.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000) ~ (OxFF88CAGC) : (0x00000000) . (0x00773594)  (OxOO7FFFFF)
negative Range positive Range
Range Error | 1 Range Error

Limit (2 Limit (2

Underrange Area (*

Nominal Range

Overrange Area (*

Legacy Range Mode (Optional):

-80 mV
-8388608
(OxFF800000)

negative Range
Range Error

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 9.537.. nV /Step| il

ov
0

(0x00000000)

positive Range

+80 mV
+8388607
(0x007FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 85: Representation £80 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.10.24 RTD/Pt1000 measurement

RTD specification and conversion

Temperature measurement with a resistance-dependent RTD sensor generally consists of two steps:
» Electrical measurement of the resistance, if necessary in several ohmic measuring ranges

» Conversion (transformation) of the resistance into a temperature value by software means according to
the set RTD type (Pt100, Pt1000...).

Both steps can take place locally in the Beckhoff measurement device. The transformation in the device can
also be deactivated if it is to be calculated on a higher level in the control. Depending on the device type,
several RTD conversions can be implemented which only differs in software. This means for Beckhoff RTD
measurement devices that

+ a specification table of the electrical resistance measurement is given

» and based on this, the effect for the temperature measurement is given below depending on the
supported RTD type. Note that RTD characteristic curves are always realized as higher-order
equations or by a sampling points table in the software, therefore a linear R—T transfer only makes
sense in a narrow range.

Application on the ELM350x

The ELM350x supports the measurement of resistances up to 2 kQ in 2/3/4-wire measurement and the
conversion of Pt1000 RTD sensors up to 2000 Q / 266 °C.

Although the ELM350x does not support a sole resistance measurement (without conversion to
temperature), a resistance specification is given here because the temperature measurement is based on it.

Note to 2/3/4-wire connection within R/RTD-operation

With 2-wire measurement, the line resistance of the sensor supply lines influences the measured value. If a
reduction of this systematic error component is desirable for 2-wire measurements, the resistance of the
supply line to the measuring resistance should be taken into account, in which case the resistance of the
supply line has to be determined first.

Taking into account the uncertainty associated with this supply line resistance, it can then be included
statically in the calculation, in the EL3751 via 0x8000:13 [» 577] and in the ELM350x/ ELM370x via 0x80n0:13

».5771.
Any change in resistance of the supply line due to ageing, for example, is not taken into account

automatically. Just the temperature dependency of copper lines with approx. 4000 ppm/K (corresponds to
0.4%/K!) is not insignificant during 24/7 operation.

A 3-wire measurement enables the systematic component to be eliminated, assuming that the two supply
lines are identical. With this type of measurement, the lead resistance of a supply line is measured
continuously. The value determined in this way is then deducted twice from the measurement result, thereby
eliminating the line resistance. Technically, this leads to a significantly more reliable measurement. However,
taking into account the measurement uncertainty, the gain from the 3-wire connection is less significant,
since this assumption is subject to high uncertainty, in view of the fact that the individual line that was not
measured may be damaged, or a varying resistance may have gone unnoticed.

Therefore, although technically the 3-wire connection is a tried and tested approach, for measurements that
are methodological assessed based on measurement uncertainty, we strongly recommend
fully-compensated 4-wire connection.

With both 2-wire and 3-wire connection, the contact resistances of the terminal contacts influence the
measuring process. The measuring accuracy can be further increased by a user-side adjustment with the
signal connection plugged in.
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NOTICE

Measurement of small resistances

Especially for measurements in the range < 10 Q, the 4-wire connection is absolutely necessary due to the
relatively high supply and contact resistances. It should also be considered that with such low resistances
the relative measurement error in relation to the full scale value (FSV) can become high - for such
measurements resistance measurement terminals with small measuring ranges such as EL3692 in 4-wire
measurement should be used if necessary.

Corresponding considerations also lead to the common connection methods in bridge operation:
 Full bridge: 4-wire connection without line compensation, 6-wire connection with full line compensation
+ Half bridge: 3-wire connection without line compensation, 5-wire connection with full line compensation

* Quarter bridge: 2-wire connection without line compensation, 3-wire connection with theoretical line
compensation and 4-wire connection with full line compensation
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Resistance measurement 2 kQ

2/3-wire " 4-wire

Operation mode

3V feed voltage fixed setting on +Uv
Intern 1 kQ reference resistance an —I2
Supply current is given by:
3V/(1kQ+ R casurement) — Max. 3 mA

Measuring range, nominal

2 kQ (corresponds to PT1000 +266°C)

Measuring range, end value (FSV)

2kQ

Measuring range, technically usable

0...2kQ

PDO LSB (Extended Range)

Extended range is not supported for resistance measurement

PDO LSB (Legacy Range only)

Resistance measurement not available as separate measuring range on

ELM350x.
Basic accuracy: Measuring deviation at 23°C, with |< + 0.012 Y%¢sy <+ 0.011 Ypsy
averaging, incl. Offset, typ. <+ 120 ppmgsy <+ 110 ppmesy
<+240 mQ <+220 mQ
Extended basic accuracy: Measuring deviation at  |< + 0.0365 %¢sy <+ 0.0345 %y
0...55°C, with averaging, incl. Offset, typ. © < + 365 ppmesy < + 345 ppmggy
<x10Q <+x10Q
Offset/Zero point deviation (at Eoftset <40 ppmegy < 30 ppmegy
23°C)
Gain/scale/amplification deviation |Eg,, <90 ppm < 80 ppm
(at 23°C)
Non-linearity over the whole Ein < 65 ppmesy < 65 ppmesy
measuring range
Repeatability (at 23°C) Egrep <10 ppMesy <10 ppMegy
Temperature coefficient, typ. TCsain <10 ppm/K <10 ppm/K
TCoftset <4 ppmes, /K < 1.5 ppmes, /K
<8 mQ/K <3 mQ/K
Common-mode rejection ratio (without filter) tbd. tbd.
Common-mode rejection ratio (with 50 Hz FIR filter) |tbd. tbd.
3)
Largest short-term deviation during a specified tbd. Yorsy tbd. Yorsy
electrical interference test, typ.
Input impedance tbd. tbd.
(internal resistance)

) The offset specification does not apply to 2-wire operation, since the offset is increased on the device side.
Therefore, a system-side offset adjustment is recommended, see "Note on 2-/3-/4-wire connection in R/RTD

mode" [P 207]. The final targeting basic acuuracy within the 2-wire operation is mainingly dependent by the
quality of this system-side offset adjustment.

%) Values related to a common mode interference between SGND and internal ground.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3502 (20 ksps)

Resistance measurement 2 kQ 2/3-wire 4-wire
Noise (without filtering, at 23°C) Enoise, ptp < 220 ppmgsy < 220 ppmgsy
< 1719 digits < 1719 digits
<0.12K <0.12K
Enise, Ruis < 37 ppmesy < 37 ppmesy
< 289 digits < 289 digits
<20.56 mK <20.56 mK
Max. SNR > 88.6 dB > 88.6 dB
Noisedensit:
1kHz e mK mK
<0.29 VHz <0.29 VHz
Noise (with 50 Hz FIR filter, at Enoise, ptp <14 ppmegy <14 ppmegy
23°C) < 109 digits < 109 digits
<7.78 mK <7.78 mK
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Resistance measurement 2 kQ 2/3-wire 4-wire
Enoise, s < 2.3 ppMesy < 2.3 ppMesy
< 18 digits < 18 digits
<1.28 mK <1.28 mK
Max. SNR >112.8 dB >112.8 dB
ELM3504 (10 ksps)
Resistance measurement 2 kQ 2/3-wire 4-wire
Noise (without filtering, at 23°C) Enoise, ptp < tbd. ppmgsy < tbd. ppmesy
< tbd. digits < tbd. digits
<thd. K <tbhd. K
Enise, Ruis <tbd. ppmesy < tbd. ppmesy
< thd. digits < thd. digits
< tbd. mK < tbd. mK
Max. SNR > thd. dB > thd. dB
Noisedensit:
1kHz e mK mK
<tbd. VHz <tbd. VHz
Noise (with 50 Hz FIR filter, at Enoise, ptp < tbd. ppmesy < tbd. ppmesy
23°C) < tbd. digits < tbd. digits
< tbd. mK < tbd. mK
Enise, R < tbd. ppmesy < tbd. ppmegy
< tbd. digits < tbd. digits
< tbd. mK < thd. mK
Max. SNR > tbd. dB > tbd. dB
RTD measuring range
Legacy Range Mode:

Temp./ PDO Value
Start (Table)

Temp./ PDO Value

End (Table)

positive Range

Nominal / Technical Range

Fig. 86: Chart: RTD measuring range

In temperature mode, only the legacy range is available, the extended range is not available.

The temperature display in [°C/digit] (e.g. 0.1°/digit or 0.01°/digit) is independent from the electrical

measurement. It is “just” a display setting and results from the PDO setting, see chapter "Comissioning".

@ Data for the sensor types in the following table

1 The values for the sensor types listed in the following table are shown here merely for informative
purposes as an orientation aid. All data are given without guarantee and must be cross-checked

against the data sheet for the respective sensor employed.

The RTD measurement consists of a chain of measuring and computing elements that affect the attainable

measurement deviation:
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Terminal/ Module

| Tsens |—>| RTD Sensor l—@—* Transformation R — T }—4>| EtherCAT

-~ Y
A

Channel:
Sensor: accuracy and )
I . Tambient transformation .
accuracy specification ambient temperature Tmeasureq £ realized accuracy
e accuracy
specification

|

desired accuracy

Fig. 87: Concatenation of the uncertainties in RTD measurement

The given resistance specification is decisive for the attainable temperature measurement accuracy. It is
applied to the possible RTD types in the following.
On account of

 the non-linearity existing in the RTD and thus the high dependency of the specification data on the
sensor temperature T, and

« the influence of the ambient temperature on the analog input device employed (leads to a change in
T measured ON @ccount of AT,.,en: @lthough T, = constant)
no detailed temperature specification table is given in the following, but
 a short table specifying the electrical measuring range and orientation value for the basic accuracy

+ a graph of the basic accuracy over T, (this at two example ambient temperatures so that the
attainable basic accuracy is implied on account of the actual existing ambient temperature)

 equations for calculating further parameters (offset/gain/non-linearity/repeatability/noise) if necessary
from the resistance specification at the desired operating point
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Supported RTD-types by the ELM350x:

Pt1000 to DIN EN 60751/IEC751 with a= 0.0039083 [1/C°]

RTD temperature measurement PT1000 2-wire ‘PT1 000 3-wire PT1000 4-wire
Electrical measuring range used 2kQ
Starting value -200°C=185.2 Q
End value 266°C = 2000 Q
PDO LSB (legacy range only) 0.1/0.01/0.001°C/digit, depending on PDO setting
Basic accuracy: measurement deviation |The achievable measurement |< 66 mK < 160 mK
at 23 °C terminal environment, with uncertainty, as a system side
averaging, typ. offset, is essentially
Temperature coefficient 2, typ. dependent on the line < 3.3 mK/K < 2.7 mK/K
resistances and can at best
reach the value of the 3-wire
measurement.

2) The temperature coefficient, i.e. the change in the measured temperature value in relation to the change in
the ambient temperature of the terminal, is not constant, as can be seen in the following plot. The value at a
sensor temperature of 0 °C is given here as an orientation value. Further values can be taken from the plot.

Basic accuracy for PT1000, 3-wire connection:

- in preparation -

Basic accuracy for PT1000, 4-wire connection:

- in preparation -

If further specification data are of interest, they can or must be calculated from the values given in the
resistance specification.

The sequence:

General: The conversion is explained here only for one measuring point (a certain input signal); the
steps simply must be repeated in case of several measuring points (up to the entire measuring range).

If the measured resistance at the measured temperature measuring point is unknown, the measured
value (MW) in [Q] must be determined:
MW = RMeasuring point (TMeasuring point) Wlth the help Of an R_)T table

The deviation at this resistance value is calculated
> Via the total equation

Erot =J (EGEII‘\ - %)2"' (TCGam -AT- %)24' Eoﬂse12+ ELm2+ ERep2+ (15 ' ENa:se,PtP)2+ (TCOffset ' AT)z"' (EAge - P"l\-’ears);2

o or a single value, e.g. Egjge = 15 ppmgsy

o the measurement uncertainty in [QQ] must be calculated:
EResistance(RMeasuring poim) = ETotaI(RMeasuring point) : FSV

or: EResistance(RMeasuring point) = ESingIe(RMeasuring point) : FSV

or (If already known) e-g-: EResistance(RMeasuring point) = 003 Q
The slope at the point used must then be determined:
ARproK(TMeasuring point) = [ R(TMeasuring point + 1 OC) - R(TMeasuring point )] / 1 OC
with the help of an R—T table

The temperature measurement uncertainty can be calculated from the resistance measurement
uncertainty and the slope

ETemp(RMeasuring point) = (EResistance(TMeasuring point)) / (ARproK(TMeasuring point) )

To determine the error of the entire system consisting of RTD and the measuring device in [°C], the
two errors must be added together quadratically:

2 2
ESystem=\/(ETemp) + (ERTD)
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The numerical values used in the following three examples are for illustration purposes. The specification
values given in the technical data remain authoritative.

Example 1:

Basic accuracy of an ELM3504 at 35 °C ambient temperature, measurement of -100 °C in the PT1000
interface (4-wire), without the influence of noise and aging:

TMeasuring point = '1 OO oC
MW = Rer1o00, -100 ¢ = 602.56 Q

E'rma|=\’ ((80 ppm - (602.56 Q)/(2000 Q))?+(10 ppm/K - 12 K - (602.56 Q)/(2000 Q))? + (30 ppmysy)’

... *+(65 ppmesy)” + (10 ppmesy)’ + (1.5 (ppmisv)/K - 12 K)?)
= 86.238 ppmggy
E Resistance(Rmeasuring point) = 86.238 ppmgsy - 2000 Q = 0.1725 Q
AR o Tieasuring point) = (R(-99 °C) — R(-100 °C)) / (1 °C) = 4.05 Q/°C
EcLmssos@ssec, pri00o, -100 ¢ = (0.1725 Q)/(4.05 Q/°C) = 0.043 °C (means +0.043 °C)

Example 2:

Consideration of the repeatability alone under the above conditions:
Teasuring point = =100 °C

MW = Ryjeasuring point (100 °C) = 602.56 Q

Esinge = 10 PPMesy

Eresistance= 10 ppMegy - 2000 Q = 0.02 Q

AR ok Tweasuring point) = (Rugg ¢ = Rqo+c) / 1 °C = 4.05 Q/°C

E-remp(Rueasuring point) = 0.02 Q 7 4.05 Q/°C = 0.005 °C (means £0.005 °C)

Example 3:

Consideration of the RMS noise alone without filter under the above conditions:
Tweasuring point = =100 °C

MW = Ryeasuring point (100 °C) = 602.56 Q

Esinge = 37 PPMesy

Eresistance= 37 PPMegy - 2000 Q = 0.074 Q

AR, ok(Tieasuring point) = (Rugg«c — Rigo-c) / 1 °C = 4.05 Q/°C

E-remp(Rueasuring point) = 0.074 Q / 4.05 Q/°C = 0.018 °C (means + 0.018 °C)

Example 4:

If the noise Ey.;. pie Of the above example terminal is considered not for one sensor point -100 °C but in
general, the following plot results:
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pip noise specification (50Hz FIR Filter) [C]

0.01

mmnpa@mnmma 5 5 5 I I I ! ! I 5 I
measusement range (FSV): 2000 Ohm

0.0095 - ““rnhcsanGgmm14?mﬂF$% E ........ o o ]
0009 Lo et reee E S _ 1 e ]
DOORE L : P L L P E
0.008

0.0075

0.007

0.00865

0.006 - T — S B B ]
0.0055

-200 -175 -150 -125 -100 -75 =50 -25 O 25 50 75 100
sensor temperature [°C]

Fig. 88: Diagram noise Ey,., p in dependence on sensor temperature

Also see about this
RTD/Pt1000 measurement [ 207]

125 150 175 200 225 250

214

Version: 2.18

ELM3xxx



BEGKHOFF Product overview

3.10.2.5 Potentiometer measurement

The potentiometer should be supplied with the integrated power supply unit (max. 5 V, configurable). The
slider voltage is then measured relative to the supply voltage and output in %. Technical, the measurement
is similar to a strain gauge half bridge.

Potentiometers from 1 kQ can be used.

The following is the specification given for the 5 wire connection. External line resistances are compensated
by the 5 wire connection and the potentiometer is detected directly from the measuring channel. In the 3 wire
connection, the measurement channel generally has the same specification, as it continues to measure
internally in 5 wire mode and bridges internally for this purpose. But its view of the connected potentiometer
is clouded by the unclear and temperature-dependent lead resistances within cables and connectors. In this
respect, the overall system "potentiometer + leads + measurement channel" in 3 wire mode will then
practically not achieve specification values given below.

Diagnostics
 Slider breakage: full-scale deflection or 0 display
» Supply interruption: full-scale deflection or 0 display

Measurement mode Potentiometer (3/5-wire)
Operation mode The supply voltage is configurable via CoE,
05.5V
Measuring range, nominal 1.1V
Measuring range, end value (FSV) 1 VIV
Measuring range, technically usable 1.1 VIV
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) 0.128 ppm
PDO LSB (Legacy Range) 0.119... ppm
Measurement mode Potentiometer (3/5-wire)
Basic accuracy: Measuring deviation at without Offset < £0.0025 Y%¢sy
23°C, with averaging, typ. "? < 25 ppMmegy
< #25 pviv
incl. Offset < 10.0075 Yrsy
< 75 ppMesy
<75 pvIv
Extended basic accuracy: Measuring without Offset < +0.0055 %y
deviation at 0...55°C, with averaging, typ. "? < +55 ppmegy
6) < 55 uyVIVv
incl. Offset < +0.009 Y%rsy
<290 ppmesy
<190 pvIvV
Offset/Zero point deviation (at 23°C) " Eofreet < 70 ppMesy
Gain/scale/amplification deviation (at 23°C) |Eg.;, < 20 ppm
Non-linearity over the whole measuring Eiin <15 ppmegy
range "
Repeatability, over 24 h, with averaging Erep <1 ppMeggy
Temperature coefficient, typ. TCsain <1 ppm/K
TCorset <1 ppmes, /K
<1 uVIVIK
Common-mode rejection ratio (without filter) * DC: 50 Hz: 1 kHz:
mV/V mV/V mV/V
tbd. V  typ. tbd. V  typ. tbd. V  typ.
Common-mode rejection ratio (with 50 Hz FIR filter) ¥ DC: 50 Hz: 1 kHz:
mV/V mV/V uvnv
tbd. V  typ. tbd. V  typ. tbd. V  typ.
Largest short-term deviation during a specified electrical tbd. Y%¢sy = tbd. ppmegy typ.
interference test
Input impedance tbd.
(internal resistance)
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") valid for ELM3504-00x0 since HW04, ELM3502-00x0 since HWO03

?) A regular offset adjustment with connected potentiometer is recommended. The given offset specification
of the terminal is therefore practically irrelevant. Therefore, specification values with and without offset are
given here. In practice, the offset component can be eliminated by the functions Tare [»_000] and also
ZeroOffset [»_000] of the terminal or in the controller by a higher-level tare function. The offset deviation over
time can change, therefore Beckhoff recommends a regular offset adjustment or careful observation of the
change.

%) Values related to a common mode interference between SGND and internal ground.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3502 (20 ksps)

Measurement mode Potentiometer (3/5-wire)

Noise (without filtering, at 23°C) Enoise, ptp < 105 ppmesy
< 820 digits
<105 pv/iv
Enoise, Rvs <18 ppmesy
< 137 digits
<17.5pviv

Max. SNR >95.1dB
Noisedensity@1kHz

uv/v
<0.18 VHz
Noise (with 50 Hz FIR filter, at 23°C) Enoise, ptp <9 ppmgsy
< 70 digits
<9 uviv
Enoise, Rs < 1.5 ppmesy
< 12 digits
<1.5puviv

Max. SNR > 116.5dB

ELM3504 (10 ksps)

Measurement mode Potentiometer (3/5-wire)

Noise (without filtering, at 23°C) Enoise, pip < tbd. ppmggy
< thd. digits
< tbd.

Enoise, Riis < tbd. ppmesy
< thd. digits
< tbd.

Max. SNR > tbd. dB
Noisedensity@1kHz

uv/v
<tbd. VHz
Noise (with 50 Hz FIR filter, at 23°C) Enoise, ptp < tbd. ppmgsy
< thd. digits
< tbd.
Enoise, Riis <tbd. ppmesy
< thd. digits
< tbd.

Max. SNR > tbd. dB
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Potentiometer measurement range

Extended Range Mode (Default):

[Defined resolution: 0.128 ppm/Step| THIT

-1V/V (-100%) 0 V/V (0%) +1V/V (+100%)

-8388608 -7812500 0 +7812500 +8388607
(0OxFF800000) (OxFF88CA6C) . (0x00000000) e (0x00773594)  (0x007FFFFF)
negative Range positive Range
Range Error | 1 Range Error

Limit (2

Limit (2

Underrange Area (*

Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: 0.1192.. ppm/Step] MY

-1V/V (-100%)

0 V/V (0%) +1V/V (+100%)
-8388608 0 +8388607
(0xFF800000) . (0x00000000) - (0x007FFFFF)
negative Range positive Range
Range Error Range Error
Limit (2

Limit (2
Underrange
Limit (*

Overrange

R R Limit (*
Nominal / Technical Range

Fig. 89: Representation potentiometer measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.10.2.6 Measurement SG 1/1 bridge (full bridge) 4/6-wire connection
Some notes to ELM350x full bridge measurement:

The nominal/technical measuring range is specified in "mV/V"; the maximum permitted supply voltage is 5 V.
The maximum nominal measuring range that can be used for the bridge voltage is therefore +32 mV/
V.5V = 1160 mV; the internal circuits are configured accordingly.

The internal measurement is ratiometric, i.e. the feed voltage and the bridge voltage are not measured
absolutely, but as a ratio.

The integrated supply can be used as power supply. An external supply is permitted, as long as 5 V is not
exceeded.

The terminal has "real" and "compensated" measuring ranges:

« A "real" measuring range measures electrically as specified e.g., in the range 4 mV/V.

» A "compensated" measuring range helps in applications with a small signal (amplitude) and at the
same time a high offset component. It measures in a fixed electrical range (i.e., subject to its electrical
specification) and performs a "digital zoom", i.e., increases the resolution. The offset must be
eliminated by the integrated ZeroOffset function of the terminal.

The following is the specification given for the 6 wire connection. External line resistances are compensated
by the 6 wire connection and the full bridge is detected directly from the measuring channel.

In the 4 wire connection, the terminal generally has the same specification, but its view of the connected full
bridge is clouded by the unclear and temperature-dependent lead resistances within cables and connectors.
In this respect, the overall system "full bridge + leads + measurement channel" will practically not achieve
specification values given below.

The lead resistances (cables, connectors, ...) have an effect especially on the gain error, also depending on
the temperature. The gain error can be estimated by:

(Row (1 + AT - Tcg,) + Ry (1 + AT - Tegy) )R om With Teg,~3930 ppm/K, R.om
e.g. 350 Q and R,,, or R, lead resistances respectively.

The use of the measurement channel in the 6 wire connection is recommended, especially when significant
resistors such as a lightning arrester are put into the line.

By a user-side adjustment with a connected bridge sensor, the measurement uncertainity related to gain and
offset error can be significant reduced.

The integrated switcheable shunt resistor can be used to generate a predictable detuning or, in case of
deviation, a correction factor.

Note: specifications apply for 5 V SG excitation and symmetric 350R SG.

Note: data are valid from production week 01/ 2019 and

+ for ELM3502: HWO03
+ for ELM3504: HWO04
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Full bridge calculation:

+12 {3}
O
/ USense
R1 R3 |
Rs
+I1 {1}
U A UBridge
Exc Sense -11 {2}
R2 R4
S 12 {4}
-Uv {6} % JAGND
push-in cageclamp, H _L
service plug, 6-pin
and LEMO
Ve
D
“Seeo, Ak,
/ USense
R1 R3 |
Rs
+11 {1}
UBridge
-11 {2}
R2 R4
12 {4}
o
&
< - {6} E JAGND
push-in cageclamp, H _L
service plug, 6-pin
and LEMO
The strain relationship (uStrain, pe) is as follows:
UB.I'J"J;E' _ Nks
UE.x: B 4
N=1241-08,1+82(1—0),2(1+8)
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Measurement mode

Measuring bridge/StrainGauge SG 1/1-Bridge 4/6-wire

32 mVIV

8 mVIV 4 mVIV

2 mVIV

4 mV/V (comp.)
5)

2 mV/V (comp.)
5)

Integrated power supply

1...5V adjustable, max. supply/Excitation 21 mA (internal electronic overload protection

120R SG: up to 2.5V; 350R SG: upto 5.0 V

) therefore

Measuring range, nominal -32...+32mV/ |-8 ... +8 mVIV |-4...+4mVIV |-2...+2mVN |-4.. +4mVIV |-2... +2mVIV
\
Measuring range, end value |32 mV/V 8 mV/V 4 mV/IV 2 mVIV 4 mV/IV 2mV/iV
(FSV)
Measuring range, technically |-34.359 ... -8.590 ... -4.295 ... -2.147 ... -4.295 ... -2.147 ...
usable +34.359 mV/V  |+8.590 mV/V +4.295 mV/IV +2.147 mVIV +4.295 mV/V +2.147 mV/IV
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) [0.128 ppm
PDO LSB (Legacy Range) 0.119... ppm
Basic accuracy: |without < +0.003 Y%psy [< £0.006 %rsy |< £0.0085 %frgy < £0.013 %rsy  |< £0.012 %prgy  |< 20.024 Y%y
Measuring Offset < £30 ppMesy < +60 ppmesy < 185 ppmggy <+130 ppmegy | < 2120 ppmegy | < £240 ppmegy
deviation at 23°C, <+0.96 pVvV/V <10.48 pv/IV <+0.34 pvIV <10.26 pvV/V <+0.48 pyVv/V <10.48 pv/V
W'thj“’efag'ngv incl. Offset |< +0.0075 %gsy |< +0.015 %y  |< #0.03 %psy | < 0.06 %rsy  |<20.03 %psy | < +0.06 %pqy
typ- <£75ppMesy  |< 150 ppmes, | < £300 ppmegy < 2600 ppmesy | < £300 ppmegy | < 600 ppmesy
<+2.4 pvIV <+1.2 pvV/\vV <+1.2 pvVIV <+1.2 pvV/IV <+1.2 pvVIV <+1.2 pvV/IV
Extended basic |without <20.011 %rsy |<£0.028 %rgy |< £0.0515 %rgy |< £0.099 %rsy  [< £0.056 %rgy  |< £0.1115 Y%orgy
accuracy: Offset <1110 ppmegy  [< £280 ppMesy | < 2515 ppmegy  [< 2990 ppmegy  |< £560 ppMmesy | < 21115 ppmegy
Measuring <+3.52 pyviv <12.24 yVIV <+2.06 pV/V <11.98 pv/V <+2.24 uyvIv <12.23 pviv
deviation incl. Offset |< £0.013 %¢gy  [< £0.0315 %gg, |< £0.059 Y%rsy  |< 20.115 Y%rgy  |< £0.0625 Y%rgy |< £0.1245 %rqy
At 0...55°C, with <130 ppmesy | < 315 ppmesy | < 2590 ppmesy | < 21150 ppmesy |< 2625 ppmesy | < £1245 ppmesy
averaging, typ. ? <+4.16 pv/V <1252 pyviv <+2.36 pV/IV <+2.3 pVv/V <25 puvivV <1249 pviv
6)
Offset/Zero point |Eqyee <70 ppMmesy <140 ppmesy < 280 ppmesy <580 ppmesy < 280 ppmesy < 560 ppmgsy
deviation (at
23°C)
Gain/scale/ Ecain <24 ppm <50 ppm <70 ppm <110 ppm <100 ppm <200 ppm
amplification
deviation (at
23°C)
Non-linearity over |E;, < 18 ppMmesy < 30 ppmgsy <45 ppmegy < 65 ppMesy < 60 ppMmegy <120 ppmgsy
the whole
measuring range
Repeatability, Erep <5 ppMesy <10 ppmesy <15 ppmesy < 25 ppMesy < 20 ppMesy < 40 ppMesy
over 24 h, with
averaging
Common-mode [DC
rejection ratio HVV BV HVV BV A4 HVIV
(without filter) * tod. V tod. V tod. V tod. V tod. V tod. V
50 Hz
uv/iv unv uviv v uvinv uviv
tbd. V tbd. V tbd. V tbd. V tbd. V tbd. V
1 kHz
uviv Ui (A% A% (Y% uviv
tbd. V tbd. V tbd. V tbd. V tbd. V tod. V
Common-mode |DC
rejection ratio HVV BV KV BV A4 HVV
(with 50 Hz FIR tbd. V tbd. V tbd. V tbd. V tbd. V tbd. V
filter) ®
50 Hz
uviv v uvinv v Y uviv
tbd. V tbd. V tbd. tbd. V tbd. tod. V
1 kHz
uviv uinv uvinv A% (Y% uviv
tbd. V tbd. V tbd. V tbd. V tbd. V tod. V
Temperature TCeain < 2.5 ppm/K <4 ppm/K <5 ppm/K <6 ppm/K < 8 ppm/K <16 ppm/K
coefficient, typ. TCofset <2 ppmes, /K < 7.5 ppmeg,/K  |< 15 ppmeg, /K |< 30 ppmegy/K | < 15 ppmes, /K |< 30 ppmes,/K
<0.06 pV/V/IK  |<0.06 yV/VIK |<0.06 pV/VIK  |<0.06 pV/V/IK  |<0.06 uV/VIK < 0.06 pV/IVIK
Largest short-term deviation |tbd. tbd. tbd. tbd. tbd. tbd.
during a specified electrical
interference test
Input impedance |Differential |tbd. tbd. tbd. tbd. tbd. tbd.
tinput 1 CommonM | tbd. thd. thd. thd. thd. thd.
ode
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Measurement mode

Measuring bridge/StrainGauge SG 1/1-Bridge 4/6-wire

32 mVIV 8 mV/IV 4 mVIV 2mV\V 4 mV/V (comp.) |2 mV/V (comp.)
5) 5)
Input impedance |4-wire No usage of this input in this mode
tinput 2 Differential |tbd. tbd. tbd. tbd. tbd. tbd.
CommonM |tbd. tbd. tbd. tbd. tbd. tbd.
ode

2) In real bridge measurement, an offset adjustment is usually carried out after installation. The given offset
specification of the terminal is therefore practically irrelevant. Therefore, specification values with and without
offset are given here. In practice, the offset component can be eliminated by the functions ELM Features
[»_000] and also ELM Features [»_000] of the terminal or in the controller by a higher-level tare function. The
offset deviation of a bridge measurement over time can change, therefore Beckhoff recommends a regular
offset adjustment or careful observation of the change.

%) Values related to a common mode interference between SGND and internal ground.

%) The channel measures electrically to 8 mV/V, but displays its measured value scaled to 2 or 4 mV/V. The
Compensated function facilitates measurement of low levels even with high offset.

€) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3502 (20

ksps)

Measurement mode StrainGauge/SG 1/1 Bridge 4/6 wire
32 mVv 8 mV 4 mV 2mV
Noise (without |Eygice, pip <125 ppmggy < 425 ppmggy <1050 ppmegy <1600 ppmegy
filtering, at < 977 digits < 3320 digits < 8203 digits < 12500 digits
23°C) <4.00 pv/Iv < 3.40 pviv <4.20 yvIv < 3.20 pvIvV
Enoise, Riis < 25 ppMesy <70 ppMesy < 140 ppmesy <270 ppMesy
< 195 digits < 547 digits < 1094 digits < 2109 digits
< 0.80 pVv/v < 0.56 pv/IvV < 0.56 pv/IvV < 0.54 pviv
Max. SNR |>92.0dB >83.1dB >77.1dB >71.4dB
Noisedensit
y@1kHz nVv/V nVv/V nVv/V nVv/V
<11.31 VHz <7.92 VHz <7.92 VHz <764 VHz
Noise (with 50 | Eygie, pie <12 ppMesy < 30 ppMesy < 60 ppmesy <120 ppmesy
Hz FIR filtering, < 94 digits < 234 digits < 469 digits < 938 digits
at 23°C) <0.38 pvV/V <0.24 pvivV <0.24 yviV <0.24 yvV
Enoise, RS < 2.0 ppmggy < 5.0 ppmesy < 10.0 ppmegy <20.0 ppmggy
< 16 digits < 39 digits < 78 digits < 156 digits
< 0.06 pv/v < 0.04 pviv < 0.04 pviv < 0.04 pviv
Max. SNR |>114.0 dB >106.0 dB >100.0 dB >94.0dB
ELM3504 (10 ksps)
Measurement mode StrainGauge/SG 1/1 Bridge 4/6 wire
32 mVv 8 mV 4 mV 2mV
Noise (without |Eyge, pie < 85 ppMesy < 300 ppmesy < 600 ppmesy <1200 ppmesy
filtering, at < 664 digits < 2344 digits < 4688 digits < 9375 digits
23°C) <2.72 pviv < 2.40 pviv < 2.40 pviv < 2.40 pviv
Enoise, Rus <15 ppmesy <50 ppmesy < 100 ppmesy <200 ppmesy
< 117 digits < 391 digits < 781 digits < 1563 digits
<0.48 pviv < 0.40 pv/IvV < 0.40 pv/IvV < 0.40 pv/IvV
Max. SNR |>96.5dB >86.0 dB >80.0dB >74.0dB
Noisedensit
y@1kHz nVvV/V nVv/V nVv/V nVv/V
<6.79 VHz <566 VHz <566 VHz <566 VHz
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Measurement mode

StrainGauge/SG 1/1 Bridge 4/6 wire

32 mV 8 mV 4 mV 2mV
Noise (with 50 | Eygice, pip <12 ppmesy < 30 ppmesy < 60 ppmesy < 120 ppmesy
Hz FIR filtering, < 94 digits < 234 digits < 469 digits < 938 digits
at 23°C) <0.38 pVv/iV <0.24 pvIv <0.24 pyvIv <0.24 pyvIvV
Enoise, rRus < 2.0 ppmesy < 5.0 ppmegy < 10.0 ppmegy <20.0 ppmegy
< 16 digits < 39 digits < 78 digits < 156 digits
<0.06 pVv/IV <0.04 pviv <0.04 pviv <0.04 pviv
Max. SNR |>114.0 dB >106.0 dB >100.0 dB >94.0dB

Also see about this

General Information on Measuring Accuracy/Measurement Uncertainty [ 23]
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3.10.2.7 Measurement SG 1/2 bridge (half bridge) 3/5-wire connection

Some notes to ELM350x half bridge measurement:

The nominal/technical measuring range is specified in "mV/V"; the maximum permitted supply voltage is 5 V.
The maximum nominal measuring range that can be used for the bridge voltage is therefore +16 mV/
V-5V =180 mV; the internal circuits are designed for the 160 mV of the full bridge measurement.

The internal measurement is ratiometric, i.e. the feed voltage and the bridge voltage are not measured
absolutely, but as a ratio.

The integrated supply can be used as power supply. An external supply is permitted, as long as 5 V is not
exceeded.

The terminal has "real" and "compensated" measuring ranges:

« A "real" measuring range measures electrically as specified e.g., in the range 4 mV/V.

» A "compensated" measuring range helps in applications with a small signal (amplitude) and at the
same time a high offset component. It measures in a fixed electrical range (i.e., subject to its electrical
specification) and performs a "digital zoom", i.e., increases the resolution. The offset must be
eliminated by the integrated ZeroOffset function of the terminal.

The following is the specification given for the 5 wire connection. External line resistances are compensated
by the 5 wire connection and the half bridge is detected directly from the measuring channel.

In the 3 wire connection, the terminal generally has the same specification, but its view of the connected half
bridge is clouded by the unclear and temperature-dependent lead resistances within cables and connectors.
In this respect, the overall system "half bridge + leads + measurement channel” will practically not achieve
specification values given below.

The lead resistances (cables, connectors, ...) have an effect especially on the gain error, also depending on
the temperature. The gain error can be estimated by:

(R (1 + AT - Teg,) + Ry (1 + AT - Teg,) )/Rnom With Tee =3930 ppm/K, R,
e.g. 350 Q and R,,, or R, lead resistances respectively.
The use of the measurement channel in the 5 wire connection is recommended.

By a user-side adjustment with a connected bridge sensor, the measurement uncertainity related to gain and
offset error can be significant reduced.

The integrated switcheable shunt resistor can be used to generate a predictable detuning or, in case of
deviation, a correction factor.

Note: specifications apply for 3.5 V SG excitation and symmetric 350R SG.
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To calculate the R,,, half bridge:

+Uv {5}! UExc

+12 {3} ]Z

i Usene
¥ ot ;

+I1 {1}
U A U UBridge
Exc™ “Ysense -11 {2}
R?N\ R{J
o -12 {4}
-Uv {6} ? JAGND
push-in cageclamp, 1 _L

service plug, 6-pin
and LEMO

+uv {53 Ue,

I O
S
Ve +12 (3} / A
I/ USense
R1 R3 )
Rs
+11 {1} A !
Bridge
-I1 {2}
R?N\ R4D
-2 {4}
g T
7 (s / JAGND

j L
push-in cageclamp, J
service plug, 6-pin

and LEMO

R, are the internal switchable supplementary resistors of the terminal. They have a high resistance of a few
kQ compared to R,,, and thus do not significantly load the internal supply.

Other half-bridge configurations (e.g. Ry, or R,; variable) cannot be connected.

The strain relationship (uStrain, peg) is as follows:
Usuge _ Nke

Ue.o 4

N=1241—-%1+5

N should be chosen based on the mechanical configuration of the variable resistors (Poisson, 2 active
uniaxial, ...). The channel value (PDO) is interpreted directly [mV/V].
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Measurement mode

Measuring bridge/StrainGauge SG 1/2-Bridge 5/3-wire

16 mV/V

8 mv/V"

4 mv/ivV"

2mVv/iV "

4 mV/V (comp.)

1)5)

2 mV/V (comp.)

1)5)

Integrated power supply

1...5V adjustable, max. power sup

ply/Excitation 21 mA (internal electronic overload pro

tection) therefore

120R SG: up to 2.5V; 350R SG: up to 5.0 V
Measuring range, nominal -16 ... 16 mV/V |-8 ... 8 mV/V -4 ... 4 mVIV -2 ...2mVIV -4 ... 4 mVIV -2...2mVIV
Measuring range, end value |16 mV/V 8 mV/V 4 mVIV 2 mVIV 4 mVIV 2 mVIV
(FSV)
Measuring range, technically |-17.179 ... -8.589 ... 8.589 |-4.294 ... 4294 |-2.147 ... 2147 |-4.294 ... 4.294 |-2.147 ... 2.147
usable 17.179 mVIV mV/V mV/V mV/V mV/V mV/V

PDO resolution

24 bit (including sign)

PDO LSB (Extended Range)

0.128 ppm

PDO LSB (Legacy

Range)

0.119... ppm

Basic accuracy: |without <£0.011 Y%rgy  [<20.022 %eg, |< £0.044 %rsy  |< £0.0925 %psy |< £0.044 %rsy  |< £0.088 Y%rgy
Measuring Offset <1110 ppmegy  [< 2220 ppMegy | < 1440 ppmegy  |< 2925 ppmegy | < 1440 ppMmesy | < 2880 ppmesy
deviation at 23°C, < +1.76 yVIV <+1.76 pyVIV < +1.76 yVIV <+1.85 pv/v < +1.76 yVIV < +1.76 pyvVIV
with averaging,
typ. 2 incl. Offset | < £0.04 %y <0.075 %esy  |< £0.14 Y%rsy < +0.27 %rsy < £0.15 %rsy < 0.3 Yy
< +400 ppmegy  [< 2750 ppmegy | < £1400 ppmesy |< 22700 ppmegy | < £1500 ppmegy |< £3000 ppmesy
< +6.40 pVvivV <16 pyvivV < +5.60 pyv/IvV < +5.40 pviv <16 pVv/ivV <6 pvivV
Extended basic  |without <+0.052 Y%rsy |< 20.087 %rsy | < £0.1585 %rsy |< 20.313 %rsy | < £0.174 %rgy | < £0.3475 %orsy
accuracy: Offset <520 ppmegy  |< 870 ppmesy | < £1585 ppmesy |< £3130 ppmegy | < £1740 ppmesy |< £3475 ppmgsy
Measuring < $8.32 uv/V < +6.96 pVv/V < 16.34 pVv/V < $6.26 pVv/V < 16.96 pVv/V < $6.95 pVv/ivV
deviation at O...
55°C, with incl. Offset |< £0.0645 Y%gsy [< £0.113 %prsy | < £0.2065 %rgy |< £0.403 %rgy  |< £0.2255 Y%rgy |< £0.4505 %rgy
averaging, typ. ? < 645 ppmesy | < 21130 ppmesy |< 2065 ppmesy |< 24030 ppmesy | < 2255 ppmesy |< 24505 ppmesy
6) <+10.32 yV/V  |<19.04 pV/IV < +8.26 pyV/IV < 8.06 pV/Vv <+9.02 yvVIvV <19.01 pvIv
Offset/Zero point |E e < 385 ppmgsy <715 ppmegy <1325 ppmesy  [< 2530 ppmegy  |< 1430 ppmegy  [< 2860 ppmegy
deviation (at
23°C)
Gain/scale/ Ecain <70 ppm <130 ppm < 260 ppm <510 ppm < 260 ppm < 520 ppm
amplification
deviation (at
23°C)
Non-linearity over |E,;, < 85 ppmegy <175 ppmggy < 350 ppmesy < 760 ppmegsy < 350 ppmesy <700 ppmegsy
the whole
measuring range
Repeatability, Erep <12 ppmesy < 25 ppmesy < 50 ppmesy <120 ppmesy < 50 ppMesy < 100 ppmesy
over 24 h, with
averaging
Temperature TCaain <5 ppm/K <8 ppm/K <15 ppm/K < 25 ppm/K <16 ppm/K < 32 ppm/K
coefficient, typ. TCofet <15 ppmes /K |< 25 ppmeg, /K |< 45 ppmesy /K |< 90 ppmes /K |< 50 ppmeg /K |< 100 ppmes, /K
<0.24 pV/V/IK  |<0.20 yVVIK  |<0.18 pVIVIK  |<0.18 pV/V/IK  |<0.20 yV/VIK < 0.20 pVIVIK
Common-mode |DC
rejection ratio pvv BV HVV HVV HVIV HVV
(without filter) * tbd. V tbd. V tbd. V tbd. V tbd. V tbd. V
50 Hz
KNV KV G\ KV KV KV
tbd. V tbd. V tbd. V tbd. V tbd. V tod. V
1 kHz
uviv uvinv uvinv uviv (Y% uviv
tbd. V tbd. V tbd. tbd. V tbd. tbd. V
Common-mode |DC DC: DC: DC: DC: DC: DC:
rejection ratio
(with 50 Hz FIR nVv/V nVv/V nVv/V nVv/V nVv/V nV/V
filter) ¥ tod. V tbd. V tod. V tbd. V tod. V tod. V
50 Hz
uviv uinv uvinv uviv uvinv uviv
tbd. V tbd. V tbd. V tbd. V tbd. V tbd. V
1 kHz
uviv U uviv v Y uviv
tbd. V tbd. V tbd. tbd. V tbd. tod. V
Largest short-term deviation |tbd. tbd. tbd. tbd. tbd. tbd.
during a specified electrical
interference test
Input impedance |Differential |tbd. tbd. tbd. tbd. tbd. tbd.
£lnput 1 (intemal | GommonM |tbd. tbd. tbd. tbd. tbd. tbd.
resistance) ode
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Measurement mode Measuring bridge/StrainGauge SG 1/2-Bridge 5/3-wire
16 mV/V 8 mv/V " 4 mvIV" 2mV/V Y 4 mV/V (comp.) 2 mV/V (comp.)
1) 5) 1) 5)

Input impedance |3-wire No usage of this input in this mode
*input 2 (intemal | piterential |tbd. thd. thd. thd. thd. thd.
resistance)

CommonM |tbd. tbd. tbd. tbd. tbd. tbd.

ode

) Adjustment of the half-bridge measurement and thus validity of the data from production week 2018/50
and for ELM3502: HWO03/ for ELM3504: HW04

2) In real bridge measurement, an offset adjustment is usually carried out after installation. The given offset
specification of the terminal is therefore practically irrelevant. Therefore, specification values with and without
offset are given here. In practice, the offset component can be eliminated by the functions ELM Features
[»_.000] and also ELM Features [»_000] of the terminal or in the controller by a higher-level tare function. The
offset deviation of a bridge measurement over time can change, therefore Beckhoff recommends a regular
offset adjustment or careful observation of the change.

%) Values related to a common mode interference between SGND and internal ground.

%) The channel measures electrically to 8 mV/V, but displays its measured value scaled to 2 or 4 mV/V. The
Compensated function facilitates measurement of low levels even with high offset.

®) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3502 (20 ksps)
Measurement mode StrainGauge/SG 1/2 Bridge 3/5 wire
16 mV/IV 8 mV/V 4 mVIV 2 mVIV
Noise (without |Eygise, pip < 600 ppmesy <1200 ppmesy < 2400 ppmegy <4800 ppmegy
filtering, at < 4688 digits < 9375 digits < 18750 digits < 37500 digits
23°C) <9.60 pV/V <9.60 pV/V <9.60 pvV/V <9.60 pvV/V
Enoise, Rus <100 ppmesy < 200 ppmesy <400 ppmesy < 800 ppmesy
< 781 digits < 1563 digits < 3125 digits < 6250 digits
<1.60 pv/V <1.60 pvV/V <1.60 uvV/V <1.60 uvV/V
Max. SNR |>80.0 dB >74.0dB >68.0dB >61.9dB
Noisedensit
y@1kHz nVvV/IV nV/IV nV/IV nVv/IV
<2263 VHz <2263 VHz <2263 VHz <2263 VHz
Noise (with 50 | Eygice, pip < 35 ppmesy <70 ppmesy < 140 ppmesy <280 ppmesy
Hz FIR filtering, < 273 digits < 547 digits < 1094 digits < 2188 digits
at 23°C) <0.56 pvV/V <0.56 pvV/V <0.56 pvV/V <0.56 pv/V
Enoise, rRuis < 6.0 ppMesy < 12.0 ppmesy < 22.0 ppmesy < 45.0 ppmesy
< 47 digits < 94 digits < 172 digits < 352 digits
<0.10 pV/V <0.10 pviV <0.09 pviv <0.09 pviv
Max. SNR |>104.4 dB >98.4dB >93.2dB >86.9dB
ELM3504 (10 ksps)
Measurement mode StrainGauge/SG 1/2 Bridge 3/5 wire
16 mV/IV 8 mV/V 4 mVIV 2 mVIV
Noise (without |Eygise, pip < 600 ppmgsy <1200 ppmegy < 2400 ppmegy <4800 ppmegy
filtering, at < 4688 digits < 9375 digits < 18750 digits < 37500 digits
23°C) <9.60 pV/V <9.60 uV/V <9.60 uvV/V <9.60 uvV/vV
Enoise, RS <100 ppmesy <200 ppmesy <400 ppmesy < 800 ppmesy
< 781 digits < 1563 digits < 3125 digits < 6250 digits
<1.60 pvV/V <1.60 pvV/V <1.60 pvV/V <1.60 pv/V
Max. SNR |>80.0 dB >74.0dB > 68.0dB >61.9dB
Noisedensit
y@1kHz nVv/iV nV/IV nV/IV nV/V
<2263 VHz <2263 VHz <2263 VHz <2263 VHz
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Measurement mode

StrainGauge/SG 1/2 Bridge 3/5 wire

16 mV/V 8 mVIV 4 mVIV 2 mVIV
Noise (with 50 | Eygice, pip < 35 ppmesy <70 ppmesy < 140 ppmesy <280 ppmesy
Hz FIR filtering, < 273 digits < 547 digits < 1094 digits < 2188 digits
at 23°C) <0.56 pVv/IvV <0.56 pv/IvV <0.56 pVv/IvV <0.56 pVv/IvV
Enoise, rus < 6.0 ppmegy <12.0 ppMegy < 22.0 ppMegy < 45.0 ppMegy
< 47 digits < 94 digits < 172 digits < 352 digits
<0.10 pv/IV <0.10 pvIvV <0.09 pvIv <0.09 pvIv
Max. SNR |>104.4 dB >98.4 dB >93.2dB > 86.9 dB

NOTICE

Transition resistances of the connection contacts

The transition resistance values of the connection contacts affect the measurement. The measuring
accuracy can be further increased by a user-side adjustment with the signal connection plugged in.

@ Validity of property values

1 The resistor of the bridge is positioned parallel to the internal resistor of the terminal and leads to an
offset shifting respectively. The Beckhoff factory calibration will be carried out with the half bridge

350 Q, thus the values specified above are directly valid for the 350 Q half bridge. By connection of

another dimensioned half-bridge is to:

 perform a balancing (offset correction) by the terminal itself or the control/PLC on application

side

« or the abstract offset error have to be entered into the balancing parameter SO of the terminal.
Example: a 350 Q half bridge correlates by the compensated effect of the input resistor (2 MQ)
during factory calibration 0.26545 %, (16 mV/V), that corresponds to 20738 digits.

ELM3xxx

Version: 2.18
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3.10.2.8 Measurement SG 1/4 bridge (quarter-bridge) 2/3-wire connection

Notes

Quarter-bridge measurement in 2-wire operation is not recommended in practice. The normal copper
supply cables with their own resistance (e.g. ~17 mQ/m with 1 mm? wire) and their very high
temperature sensitivity (~4000 ppm/K, ~0.4%/K) have a considerable effect on the calculation and can
only be corrected by continuous offset and gain adjustment. Only 3-wire operation should be used.

Specifications apply to 5 V excitation.

The specification deteriorates at lower excitation voltage; Beckhoff does not have detailed information
on this.

If a lower excitation voltage is desired for reasons of sensor self-heating, the excitation voltage can be
temporarily switched on/off for non-continuous measurements (clocked operation). Switching on/off
must be done from the controller via ADS access to the CoE 0x80n0:02.

Specifications only apply when using wire end sleeves and for cross-sections of 0.5 mm? or more. For
smaller cross-sections, increased transition resistance is to be expected.

Avoid repeated insertion/extraction of the push-in connectors in quarter-bridge operation since this may
increase the transition resistance.

Integrated supply: 2...5V adjustable, max. supply/excitation 21 mA (internal electronic overload
protection).

Note: effectively only half the voltage is present at the quarter-bridge due to the internally switched
bridge supplement.

Data valid from production week 21/2019 and for ELM3502: HWO03, for ELM3504: HW04

By a user-side adjustment with a connected bridge sensor, the measurement uncertainity related to gain and
offset error can be significant reduced.

The integrated switcheable shunt resistor can be used to generate a predictable detuning or, in case of
deviation, a correction factor.

228
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To calculate the quarter-bridge:

R1

-12 {4}

push-in cageclamp,”

service plug, 6-pin
and LEMO

R2

+Uv {5}

R3

1

Fig. 90: Connection of the quarter bridge

Expla

nation:

1

OAGND
= oo
]
° USense | \
0 ]
R1 : Rs R3
]
-11 {2} h
o _: Usgridge
i s - ]
Ug.c e cgecrn/ |
and LEMO
/
N
R2 Sense

R1: external quarter-bridge resistor, nominally 120/350/1000 Q

R2: internal supplementary resistor, is set to the same value as R1 after the CoE setting "Interface",
and is therefore also 120, 350 or 1000 Q

R3, R4: high-resistance internal bridge supplementary resistors, therefore, do not significantly load the

internal supply

Rs: switchable shunt resistor

SW: internal switch for 2/3-wire operation; open: 3-wire operation

The strain relationship (uStrain, pe) is as follows:

Ui -
UEx:

N=1

_ NARy _ Nks

4R, 4

For the quarter-bridge, N=1 always applies.

The relationship between Ug4./Ug,. and AR, is non-linear:

ELM3xxx
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Usoo T -
Bridge -
UExc P -

T s
L
7
1 L 1 1
1 T 1 1
o
-
e 1
e
P
e
- 1
—-

AR,

Fig. 91: Relationship between UBridge/UExc and AR,
The ELM350x devices apply internal linearization so that the output is already linearized

Uspsge ARy

PDO [mV/V] = T

since the internal calculation is based on Ug,..
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Measurement mode

Measuring bridge/StrainGauge SG 1/4-bridge 120 Q 2/3-wire

32 mVIV

8 mVIV

4 mV/V (comp.) ¥

2 mV/V (comp.) ¥

Measuring range, nominal

+32 mV/V [corresponds
to +64,000 pe at K=2]

+8 mV/V [corresponds to
116,000 pe at K=2]

+4 mV/V [corresponds to

+8,000 pe at K=2]

+2 mV/V [corresponds to

+4,000 pe at K=2]

120 + 15.36 Q 120+3.84 Q 120+£1.92Q 120+ 0.96 Q
Measuring range, end value |32 mV/V 8 mV/V 4 mVIV 2mVIV
(FSV)
Measuring range, technically |+34.359... mV/V +8.589... mV/V +4.294... mVIV +2.147... mVIV
usable
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) {0.128 ppm 0.128 ppm 0.128 ppm 0.128 ppm
4.096 nV/IV 1.024 nVIV 0.512 nV/IV 0.256 nV/V
PDO LSB (Legacy Range) |0.119... ppm 0.119... ppm 0.119... ppm 0.119... ppm
3.814.. nV/V 0.9535 nV/V 0.47675 nV/V 0.238375 nV/IV
Basic accuracy:  |without |< +0.026%¢s, < £0.08%¢sy < £0.16%¢sy < £0.32%¢sy
Measuring Offset < $260 ppMegy < 1800 ppmesy < +1600 ppmegy < +£3200 ppmegy
deviation at 23°C, <18.3 pv/V <16.4 pvV/IV <16.4 pv/IV <16.4 pv/V
with averaging, |ing|, < £0.1%¢sy < 20.4%;s, < £0.8%¢sy < +1.6%¢ey
typ. Offset < #1000 ppMesy < +4000 ppmesy < +8000 ppmesy < +16000 ppmesy
< 132.0 pv/IV <+32.0 yV/V <+32.0 pv/V < 132.0 pv/IV
Extended basic  |without |< +0.1745%¢s, < +0.6015%¢¢y < +1.203%¢sy < +2.406%¢sy
accuracy: Offset < +1745 ppmegy < #6015 ppmegy < +12030 ppmggy < +£24060 ppmegsy
Measuring < 155.8 pv/IV <48.1 VIV <+48.1 VIV < +48.1 pvIV
deviation at 0...  fing). < $0.1995%¢, < 40.718%¢sy < $1.436%¢s, < 42.872%¢sy
55°C, with 26 |Offset < £1995 ppmegy, < +7180 ppmegy < £14360 ppmesy < £28720 ppmesy
averaging, typ. < +63.8 VIV < +57.4 pVIV < +57.4 pVIV < +57.4 yVIV
Offset/Zero point  |Eqgse < 960 ppmesy <3920 ppmesy < 7840 ppmesy < 15680 ppmegy
deviation (at
23°C)*
Gain/scale/ Ecain <160 ppm <440 ppm < 880 ppm <1760 ppm
amplification
deviation (at
23°C)
Non-linearity over |E, < 200 ppmggy < 650 ppmegy <1300 ppMesy < 2600 ppMmesy
the whole
measuring range
Repeatability, Egrep < 25 ppmegy < 100 ppmegy < 200 ppmegy <400 ppmegy
over 24 h, with
averaging
Common-mode rejection tbd. tbd. tbd. tbd.
ratio (without filter) ®
Common-mode rejection tbd. tbd. tbd. tbd.
ratio (with 50 Hz FIR filter) ¥
Temperature TCaain < 20 ppm/K <48 ppm/K < 96 ppm/K <192 ppm/K
coefficient, typ. | Teoy,  |< 50 ppmes /K < 180 ppmes, /K < 360 ppmgs,/K < 720 ppmgs /K
<1.60 pV/VIK <1.44 pVIVIK <1.44 pVIVIK <1.44 pVIVIK
Largest short-term deviation |tbd. %¢sy tbd. Y%esy tbd. %rsy tbd. Yorsy
during a specified electrical
interference test
Input Differential tbd. tbd. tbd. tbd.
impedance | commonMod |tbd. tbd. tbd. tbd.
+Input 1 e
Input 3-wire
impedance | pifferential  |tbd. tbd. tod. tbd.
tInput 2
CommonMod |tbd. tbd. tbd. tbd.
e
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Measurement mode StrainGauge/SG 1/4 Bridge 120 Q 2/3 wire
32 mVIV 8 mV/V 4 mV/V (comp.) ¥ 2 mV/V (comp.) ¥
Noise (without |Eygice, pip < 310 ppmesy <1200 ppmegy < 2400 ppmegy <4800 ppmegy
filtering, at < 2422 digits < 9375 digits < 18750 digits < 37500 digits
23°C) <9.92 pVIV <9.60 pVIV <9.60 pVIV <9.60 pVIV
Enoise, Ruts <50 ppmesy <200 ppmesy <400 ppmesy < 800 ppmesy
< 391 digits < 1563 digits < 3125 digits < 6250 digits
<1.60 pVIV <1.60 pVIV <1.60 pVIV <1.60 pVIV
Max. SNR |>86.0 dB >74.0dB >68.0 dB >61.9dB
Noisedensit
y@1kHz uv/v uv/v uv/v uv/v
<0.02 VHz <0.02 VHz <0.02 VHz <0.02 VHz
Noise (with 50 | Eygise, pip <24 ppmesy <72 ppmesy < 144 ppmesy < 288 ppmesy
Hz FIR filtering, < 188 digits < 563 digits < 1125 digits < 2250 digits
at 23°C) <0.77 WV <0.58 uV/V <0.58 UV <0.58 uVIV
Enoise, Rus < 4.0 ppMesy <12.0 ppmegy < 24.0 ppmggy < 48.0 ppmegy
< 31 digits < 94 digits < 188 digits < 375 digits
<0.13 pVNV <0.10 pVNV <0.10 pVNV <0.10 pVNV
Max. SNR |>108.0 dB >98.4 dB >92.4dB > 86.4 dB
ELM3504 (10 ksps)
Measurement mode StrainGauge/SG 1/4 Bridge 120 Q 2/3 wire
32 mVIV 8 mV/V 4 mV/V (comp.) ¥ 2 mV/V (comp.) ¥
Noise (without |Eygice, pip < 285 ppmgsy <1000 ppmesy <2000 ppmegy <4000 ppmeggy
filtering, at < 2227 digits < 7813 digits < 15625 digits < 31250 digits
23°C) <9.12 pVIV < 8.00 pVIV < 8.00 pVIV < 8.00 pVIV
Enoise, Ris < 30 ppmesy < 150 ppmesy < 300 ppmesy < 600 ppmesy
< 391 digits < 1172 digits < 2344 digits < 4688 digits
< 1.60 uyv/V <1.20 yvVIV <1.20 pviv <1.20 pyvIv
Max. SNR |>86.0 dB >76.5dB >70.5dB >64.4 dB
Noisedensit
y@1kHz uv/v uv/v uv/v UV
<0.02 VHz <0.02 VHz <0.02 VHz <0.02 VHz
Noise (with 50 | Eygise, pie <20 ppMesy <60 ppmesy <120 ppmesy < 240 ppmesy
Hz FIR filtering, < 156 digits < 469 digits < 938 digits < 1875 digits
at 23°C) <0.64 pVIV <0.48 uVNV <0.48 UV <0.48 YWV
Enoise, Ruts < 4.0 ppMesy < 12.0 ppmesy < 24.0 ppmggy < 48.0 ppmesy
< 31 digits < 94 digits < 188 digits < 375 digits
<0.13 pVIV <0.10 pVIV <0.10 pVIV <0.10 pVIV
Max. SNR |>108.0 dB >098.4 dB >92.4dB > 86.4 dB
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Measurement mode

Measuring bridge/StrainGauge SG 1/4-bridge 350 Q 2/3-wire

averaging, typ. ?
6)

< 1440 ppmgsy
< +46.1 pv/Iv

< £5565 ppmegy
< +44.5 uyVvIV

< +11130 ppmgsy
<1445 pvIv

32 mVIV 8 mVIV 4 mVIV (comp.) ¥ 2 mV/V (comp.) ¥
Measuring range, nominal +32 mV/V [corresponds |+8 mV/V [corresponds to |+4 mV/V [corresponds to|+2 mV/V [corresponds to
to 64,000 pe at K=2] $16,000 pe at K=2] 48,000 pe at K=2] 14,000 pe at K=2]
350+44.8Q 350+11.2Q 350+5.6Q 350+280Q
Measuring range, end value 32 mVIV 8 mV/V 4 mV/IV 2mV/IV
(FSV)
Measuring range, technically ~ |+34.359... mV/V +8.589... mV/V +4.294... mVIV +2.147... mVIV
usable
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) [0.128 ppm 0.128 ppm 0.128 ppm 0.128 ppm
4.096 nV/V 1.024 nVIV 0.512 nV/V 0.256 nV/V
PDO LSB (Legacy Range) 0.119... ppm 0.119... ppm 0.119... ppm 0.119... ppm
3.814.. nVIV 0.9535 nV/V 0.47675 nV/IV 0.238375 nV/V
Basic accuracy: |without Offset |< £0.022%:s, < £0.08%¢sy < £0.16%¢sy < £0.32%¢sy
Measuring < £220 ppMesy < 1800 ppmesy < +1600 ppmegy < +£3200 ppMmegy
deviation at <17.0 pV/IV <16.4 pvV/IV <16.4 pv/V <16.4 pv/IV
23°C, with , |incl. Offset | < £0.1%, < £0.4%5, < £0.8%¢e, < £1.6%;sy
averaging, typ. < #1000 ppMesy < #4000 ppMegy < +8000 ppmesy < #16000 ppmegy
<32.0 yvIvV < +32.0 yVIV <+32.0 yvV/Vv < +32.0 yvVIvV
Extended basic |without Offset |< £0.106%¢sy < +0.395%¢sy < 10.79%¢sy < +1.5795%¢¢y
accuracy: < £1060 ppMeggy < +3950 ppMmggy < 17900 ppMesy < £15795 ppMesy
Measuring <+33.9 pyviv < +31.6 yV/IV <+31.6 VIV < +31.6 yvVIV
ggygtmhat 0.+ lincl. Offset | < £0.144%s, < £0.5565%¢sy < £1.113%¢sy < £2.2255%,

< +22255 ppmegy
<445 pviv

Offset/Zero point
deviation (at

E Offset

< 970 ppmesy

< 3920 ppmesy

< 7840 ppmgsy

< 15680 ppmesy

23°C) ¥
Gain/scale/ Egain <120 ppm < 380 ppm <760 ppm <1520 ppm
amplification
deviation (at
23°C)
Non-linearity E.n <180 ppMesy < 750 ppmggy <1500 ppMmesy < 3000 ppmesy
over the whole
measuring
range
Repeatability, Erep < 25 ppmegy < 100 ppmesy < 200 ppmggy <400 ppmesy
over 24 h, with
averaging
Common-mode rejection ratio |tbd. tbd. tbd. tbd.
(without filter) ®
Common-mode rejection ratio |tbd. tbd. tbd. tbd.
(with 50 Hz FIR filter) ¥
Temperature TCoain <12 ppm/K < 50 ppm/K <100 ppm/K <200 ppm/K
coefficient, tyP. | Ty < 30 ppmes,/K < 110 ppmyg, /K < 220 ppmyg, /K < 440 ppmyg, /K
< 0.96 pV/VIK < 0.88 pV/VIK < 0.88 pV/VIK <0.88 pV/VIK
Largest short-term deviation tbd. Y%rsy tbd. Y%rsy tbd. Y%rsy tbd. Y%rsy
during a specified electrical
interference test
Input impedance | Differential tbd. tbd. tbd. tbd.
*input 1 CommonMod |tbd. tbd. thd. tbd.
e
Input impedance | 3-wire
#lnput 2 Differential |tbd. tbd. tbd. tbd.
CommonMod |tbd. tbd. tbd. tbd.
e
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ELM3502 (20 ksps)

Measurement mode StrainGauge/SG 1/4 Bridge 350 Q 2/3 wire
32 mVIV 8 mV/V 4 mV/V (comp.) ¥ 2 mV/V (comp.) ¥
Noise (without |Eygice, pip < 320 ppmesy <1200 ppmegy < 2400 ppmegy <4800 ppmegy
filtering, at < 2500 digits < 9375 digits < 18750 digits < 37500 digits
23°C) <10.24 WV <9.60 pVIV <9.60 pVIV <9.60 pVIV
Enoise, Riis < 55 ppMesy <200 ppmesy <400 ppmesy < 800 ppMesy
< 430 digits < 1563 digits < 3125 digits < 6250 digits
<1.76 pVIV <1.60 pVIV <1.60 pVIV <1.60 pVIV
Max. SNR |>85.2dB >74.0dB >68.0 dB >61.9dB
Noisedensit
y@1kHz uv/v uv/v uv/v uv/v
<0.02 VHz <0.02 VHz <0.02 VHz <0.02 VHz
Noise (with 50 | Eygise, pip <18 ppmesy <72 ppmesy < 144 ppmesy < 288 ppmesy
Hz FIR filtering, < 141 digits < 563 digits < 1125 digits < 2250 digits
at 23°C) <0.58 uV/V <0.58 uV/V <0.58 UV <0.58 uVIV
Enoise, Rus < 3.0 ppMesy <12.0 ppmegy < 24.0 ppmggy < 48.0 ppmegy
< 23 digits < 94 digits < 188 digits < 375 digits
<0.10 pVV <0.10 pVNV <0.10 pVNV <0.10 pVNV
Max. SNR |>110.5dB >98.4 dB >92.4dB > 86.4 dB
ELM3504 (10 ksps)
Measurement mode StrainGauge/SG 1/4 Bridge 350 Q 2/3 wire
32 mVIV 8 mV/V 4 mV/V (comp.) ¥ 2 mV/V (comp.) ¥
Noise (without |Eygice, pip <290 ppmegsy <1000 ppmesy <2000 ppmegy <4000 ppmeggy
filtering, at < 2266 digits < 7813 digits < 15625 digits < 31250 digits
23°C) <9.28 pVIV < 8.00 pVIV < 8.00 pVIV < 8.00 pVIV
Enoise, Ris < 30 ppmesy < 160 ppmesy < 320 ppmesy < 640 ppmesy
< 391 digits < 1250 digits < 2500 digits < 5000 digits
< 1.60 uyv/V <1.28 yv/IvV <1.28 uyviv <1.28 uyviv
Max. SNR |>86.0 dB >75.9dB >69.9dB >63.9dB
Noisedensit
y@1kHz uv/v uv/v uv/v UV
<0.02 VHz <0.02 VHz <0.02 VHz <0.02 VHz
Noise (with 50 | Eygise, pie <15 ppMesy <50 ppmesy <100 ppmesy <200 ppmesy
Hz FIR filtering, <117 digits < 391 digits < 781 digits < 1563 digits
at 23°C) <0.48 pVIV <0.40 pVNV <0.40 uVNV <0.40 pVNV
Enoise, RS < 3.0 ppmegy < 9.0 ppmesy < 18.0 ppmesy < 36.0 ppmesgy
< 23 digits < 70 digits < 141 digits < 281 digits
<0.10 pVIV <0.07 pVIV <0.07 pVIV <0.07 pVIV
Max. SNR |>110.5dB >100.9 dB >94.9dB > 88.9dB
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Product overview

Measurement mode

Measuring bridge/StrainGauge SG 1/4-bridge 1 kQ 2/3-wire

32 mVIV

8 mVIV

4 mV/V (comp.) ¥

2 mV/V (comp.) ¥

Measuring range, nominal

+32 mV/V [corresponds

to +64,000 pe at K=2]

+8 mV/V [corresponds to
116,000 pe at K=2]

+4 mV/V [corresponds to
+8,000 pe at K=2]

+2 mV/V [corresponds to
14,000 pe at K=2]

1000 £ 128 Q 1000 £ 32 Q 1000 + 16 Q 1000+8 Q
Measuring range, end value |32 mV/V 8 mV/V 4 mV/IV 2 mVIV
(FSV) 128 Q 320 160 80
Measuring range, technically |+34.359... mV/V +8.589... mV/V +4.294... mVIV +2.147... mVIV
usable
PDO resolution 24 bit (including sign)
PDO LSB (Extended Range) {0.128 ppm 0.128 ppm 0.128 ppm 0.128 ppm
4.096 nV/V 1.024 nVIV 0.512 nV/V 0.256 nV/V
PDO LSB (Legacy Range) |0.119... ppm 0.119... ppm 0.119... ppm 0.119... ppm
3.814.. nVIV 0.9535 nV/V 0.47675 nV/V 0.238375 nV/IV
Basic accuracy: |without |< £0.02%¢gy < 10.065%¢sy < £0.13%¢sy < +0.26%¢sy
Measuring Offset < +200 ppMesy < 650 ppMesy < +£1300 ppmesy < +£2600 ppmegy
deviation at 23°C, <+6.4 yV/IV <52 uviv <52 pv/v <+5.2 pyv\V
with averaging, |ing, < £0.1%:sy < £0.4%:¢, < £0.8%:sy < +1.6%rsy
typ. Offset  |< 1000 ppmigy < 4000 ppmiey < #8000 ppmgsy < £16000 ppmMesy
< +32 uyvViV <32 pyviv <+32 pyviv <+32 yV\Vv
Extended basic  |without |< +0.1975%¢s, < +0.7435%¢sy < +1.4865%¢sy < +2.973%¢sy
accuracy: Offset < +1975 ppmegy < +7435 ppmggy < 14865 ppmesy < +29730 ppmesy
Measuring < $63.2 uyv/iV < +59.5 pv/vV < +59.5 uyv/v < +59.5 uyv/iv
deviation at 0...  fing), < £0.2205%¢5, < 20.8415%:5y < £1.683%¢gy < £3.366%¢5y
55°C, with 4 (Offset |< +2205 ppmgg, < 8415 ppmisy < 16830 ppMmesy < 33660 ppmesy
averaging, typ. < +70.6 pV/V < +67.3 uV/V < +67.3 uV/V < 467.3 pV/V
Offset/Zero point  |Eggset < 980 ppMesy < 3940 ppMgsy < 7880 ppMmesy < 15760 ppmegy
deviation (at
23°C) 4
Gain/scale/ Egain <105 ppm < 305 ppm <610 ppm <1220 ppm
amplification
deviation (at
23°C)
Non-linearity over |E, < 165 ppmegy < 560 ppmesy <1120 ppmegy < 2240 ppMggy
the whole
measuring range
Repeatability, Egrep < 25 ppmegy <120 ppMggy < 240 ppMmggy <480 ppMgsy
over 24 h, with
averaging
Common-mode rejection tbd. tbd. tbd. tbd.
ratio (without filter) ¥
Common-mode rejection tbd. tbd. tbd. tbd.
ratio (with 50 Hz FIR filter) ¥
Temperature TCaain <13 ppm/K < 25 ppm/K < 50 ppm/K <100 ppm/K
coefficient, tyP. [ Tcoe,  |< 60 ppmes,/K < 230 ppmy, /K < 460 ppmyg, /K < 920 ppmyg, /K
<1.92 pV/VIK <1.84 pV/VIK <1.84 pV/VIK <1.84 pV/VIK
Largest short-term deviation |tbd. %¢sy tbd. Y%rsy tbd. Y%rsy tbd. Y%rsy
during a specified electrical
interference test
Input Differential tbd. tbd. tbd. tbd.
impedance | commonMod |tbd. tbd. tbd. thd.
tInput 1 e
Input 3-wire No usage of this input in this mode
impedance  Ipiferential  |tbd. thd. thd. thd.
+Input 2
CommonMod |tbd. tbd. tbd. tbd.
e
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ELM3502 (20 kSps)

Measurement mode

Measuring bridge/StrainGauge/SG 1/4-bridge 1 kQ 2/3-wire

32 mVIV 8 mV/V 4 mV/V (comp.) ¥ 2 mV/V (comp.) ¥
Noise (without |Fygse pie <400 ppmesy < 1350 ppmegy <2700 ppMmegy < 5400 ppmegy
filtering, at < 3125 digits < 10547 digits < 21094 digits < 42188 digits
23 °C) <12.80 yvIvV <10.80 pyv/V <10.80 VIV <10.80 VIV
Fioise, Ris < 65 ppmesy < 240 ppmesy < 480 ppmesy < 960 ppmesy
< 508 digits < 1875 digits < 3750 digits < 7500 digits
<2.08 pVIV <1.92 pVIV <1.92 pVIV <1.92 pVIV
Max. SNR |>83.7 dB >72.4dB > 66.4 dB >60.4 dB
Noise
density@1 uv/v uv/v uv/v uv/v
kHz <0.03 VHz <0.03 VHz <0.03 VHz <0.03 VHz
Noise (with 50  |Fygise, p < 60 ppmesy < 240 ppmesy <480 ppmesy < 960 ppmesy
Hz FIR filter, at < 469 digits < 1875 digits < 3750 digits < 7500 digits
23 °C) <1.92 uvv <1.92 pvIv <1.92 pyviv <1.92 pyviv
Fioise, Rms < 10.0 ppmesy < 40.0 ppmesy < 80.0 ppmesy < 160.0 ppmesy
< 78 digits < 313 digits < 625 digits < 1250 digits
<0.32 yvV\v <0.32 yvV\v <0.32 uyviv <0.32 uyviv
Max. SNR |>100.0 dB > 88.0 dB >81.9dB >75.9dB
ELM3504 (10 kSps)
Measurement mode Measuring bridge/StrainGauge/SG 1/4-bridge 1 kQ 2/3-wire
32 mVIV 8 mV/V 4 mV/V (comp.) ¥ 2 mV/V (comp.) ¥
Noise (without |Fyise pip < 350 ppmesy < 820 ppmesy < 1640 ppmesy < 3280 ppmegy
filtering, at < 2734 digits < 6406 digits < 12813 digits < 25625 digits
23 °C) <11.20 yV/IvV < 6.56 pv/v < 6.56 pv/v < 6.56 pv/v
Fioise, Riis <70 ppmesy < 140 ppmesy < 280 ppmesy < 560 ppmesy
< 547 digits <1094 digits < 2188 digits < 4375 digits
<2.24 WWN <1.12 VNV <1.12 VNV <1.12 WV
Max. SNR |>83.1 dB >77.1dB >71.1dB >65.0dB
Noise
density@1 uv/v uv/v uv/v uv/v
kHz <0.03 VHz <0.02 VHz <0.02 VHz <0.02 VHz
Noise (with 50 |Fygise, b < 85 ppMesy <48 ppMmesy <96 ppMmesy < 192 ppMmesy
Hz FIR filter, at < 664 digits < 375 digits < 750 digits < 1500 digits
23 °C) <2.72 yVIV <0.38 pVIV <0.38 pVIV <0.38 pVIV
Fioise, rRis < 14.0 ppmegy < 8.0 ppMesy < 16.0 ppmesy < 32.0 ppmesy
< 109 digits < 63 digits < 125 digits < 250 digits
<0.45 pVIV <0.06 pVIV <0.06 pVIV <0.06 pVIV
Max. SNR |>97.1 dB >101.9dB >95.9dB >89.9dB

2) In real bridge measurement, an offset adjustment is usually carried out after installation. The given offset
specification of the terminal is therefore practically irrelevant. Therefore, specification values with and without

offset are given here. In practice, the offset component can be eliminated by the functions ELM Features
[»_000] and also ELM Features [»_000] of the terminal or in the controller by a higher-level tare function. The

offset deviation of a bridge measurement over time can change, therefore Beckhoff recommends a regular
offset adjustment or careful observation of the change.

%) Values related to a common mode interference between SGND and internal ground.

4) The offset specification does not apply to 2-wire operation, since the offset is increased on the device side.
Therefore, a system-side offset adjustment is recommended, see Tare- [>_000] or ZeroOffset function
[»_000]. The final targeting basic acuuracy within the 2-wire operation is mainingly dependent by the quality

of this system-side offset adjustment.

%) The channel measures electrically to 8 mV/V, but displays its measured value scaled to 2 or 4 mV/V. The

Compensated function facilitates measurement of low levels even with high offset.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
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lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Transition resistances of the connection contacts

The transition resistance values of the connection contacts affect the measurement. The measuring
accuracy can be further increased by a user-side adjustment with the signal connection plugged in.

The temperature sensitivity of the terminal and thus of the measurement setup can be reduced if an external,
more temperature-stable supplementary resistor is used for operation of the terminal in half-bridge or even
full-bridge mode instead of the internal supplementary resistor for quarter-bridge mode.
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3.11 ELM354x

3.11.1 ELM354x - Introduction

L R TTEETR ™

1

n

1

Fig. 92: ELM3542-0000, ELM3544-0000

2 and 4 channel measuring bridge analysis, full/half/quarter bridge, 24 bit, 1 ksps, TEDS

The ELM3542 and ELM3544 EtherCAT terminals from the ELM3x4x economy series are designed for the
evaluation of measuring bridges in full bridge, half bridge and quarter bridge configuration. With a maximum
data rate of 1 ksps per channel they are ideally suited for the recording of less dynamic procedures, such as
slow oscillations and corresponding weighing procedures. In return, they measure with low noise and are
temperature-stable over the permitted ambient temperature. The integrated bridge supply can supply 1 to
12 V and, like all other parameters, is adjustable online in the CoE at runtime. In addition, the ELM3542
features a connection for one TEDS-IC in the sensor per channel — this way the SG can be electronically
read, detected and also written immediately upon plugging in. Apart from that, the ELM354x have all the
features familiar from the fast ELM350x basic series, such as internally switchable extension resistors and
comprehensive sensor and function diagnostics for industrial 24/7 operation. The 6-pin connector (push-in) is
removable for maintenance purposes without releasing the individual wires.

Optional calibration certificate:

 with factory calibration certificate as ELM354x-0020: on request
+ external calibrated (1ISO17025 or DAkks) as ELM354x-0030: on request

Re-calibration service via the Beckhoff service: on request

Quick-Links

e EtherCAT basics
* Mounting and wiring [» 832]
e Commissioning [P 568]

e Connection view [P 568]

* Object description and parameterization [P _644]
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3.11.2 ELM354x - Technical data

Technical data ELM3542-0000 ELM3544-0000
Analog inputs 2 channel (differential) 4 channel (differential)
Time relation between channels to each  |Simultaneous conversion of all channels in the terminal (multiplex), synchronous
other conversion between terminals, if DistributedClocks will be used. Timestamp each channel,
typ. sampling offset related to channel 1:
Ch.1: 0 ms Ch.1: 0 ms
Ch.2: + 200 ps (tbd.) Ch.2: +200 ps
Ch.3: +400 ps
Ch.4: +600 ps
ADC conversion method A% (Delta-Sigma) with internal sample rate 8 Msps
Cutoff frequency input filter hardware Before AD converter:
(see explanations in chapter hardware low pass -3dB @ 380 Hz (16544 kHz for quarter bridge in 4-wire connection)
Firmware filter concept) (tbd.)

type butterworth 1th order

Within ADC after conversion:
low pass -3dB @ 2.75 kHz (tbd.)
type sinc5/average filter or sinc3 (tbd.)

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution 24 bit (including sign)
Connection technology 2/3/4/516/7 -wire ‘2/3/4/5/6 -wire
Sampling rate (per channel, multiplex) 1 ms/1 ksps

Free down sampling by Firmware via decimation factor, possible effective sampling interval
each channel: 1 ms + n - 25 ps (tbd.)

Oversampling 1...20 selectable
Supported EtherCAT cycle time DistributedClocks: min. 100 ps, max. 10 ms (tbd.)
(depending on the operation mode) FrameTriggered/Synchron: min. 200 ps, max. 100 ms (tbd.)
FreeRun: not yet supported
Operation range SG Quarter bridge (1 kQ, 350 Q, 120 Q) with internal bridge extension,
half bridge, full bridge, voltage measurement, resistance measurement (tbd.)
Connection diagnosis preliminary data/ provided is:

Channel-by-channel open-circuit detection of the connection cables (running operation or
triggered diagnosis, up to 6-wires)

Channel by channel short-circuit detection of all lines among each other (triggered
diagnosis, up to 6 lines)

Ad(ditional process data and diagnostic evaluation of the connected sensor via TEDS

interface
Internal analog ground AGND Existing by external connection to -Uv
Overvoltage protection of the inputs value to follow
related on -Uv (internal ground)
Internal power supply via E-bus
Current consumption E-bus typ. 85 mA tbd.
Current consumption power contacts 60 mA typ. + load, in total, max. 150 mA typ. ‘70 mA typ. + load, in total, max. 240 mA typ.
Thermal power dissipation typ. 3 W
Dielectric strength - destruction limit Max. permitted short-term/continuous voltage between each contact point +I1, +12, +Uv and

—Uv: non-supplied +30V (tbd.) supplied £30V (tbd.)
Note: -Uv corresponds to internal AGND

Recommended operation voltage range to |value to follow
compliance with specification

Common data ELM3542-0000 ELM3544-0000

Distributed Clocks Yes, with Oversampling n = 1...100, accuracy << 1 us

Special features Extended Range 107 %, freely configurable numeric filters, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold
Bridge feeding-in supply-voltage free Bridge feeding-in supply-voltage free
adjustable 1.5V — 12 V (electronic overload |adjustable 1.5V — 12 V (electronic overload
protection per channel 120 mA) protection per channel 65 mA)

2-wire TEDS-Interface (IEEE 1451.4 Class 2
MMI, Multiplex-operation)

externe Shunt-calibration possible
Functional diagnosis " Yes

Electrical isolation channel/channel ? no
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Common data

ELM3542-0000 ‘ ELM3544-0000

Electrical isolation channel/E-Bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

Configuration

via the EtherCAT Master, e.g. TWinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the
signal cable.

') see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [P 853]

Basic mechanical properties

ELM3542-0000 ‘ ELM3544-0000

Connection type

6-pin push-in cage clamp, service plug

Dimensions (W x H x D)

See chapter Housing [P 830

Mounting

on 35 mm rail conforms to EN 60715

Note Mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [P 834

during storage

Weight Approx. 350 g
Permissible ambient temperature range 0...+55°C
during operation

Permissible ambient temperature range  |-25...+85 °C

Environmental data

ELM3542-0000 ‘ ELM3544-0000

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3542-0000 ‘ ELM3544-0000

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC

EMC notes

In case of push-in and mini-TC connectors, ESD air discharges conforming to EN
61000-6-4 into the connectors or to the lines connected there can lead to measurement
deviations up to +FSV within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 into the Up supply (power contact) at
set connection “Connect Up- to GNDA" or “Connect Up- to AGND* within CoE (F800:01)
can lead to measurement deviations up to tFSV.

*) Real applicable approvals/markings see type plate on the side (product marking).
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3.11.21 ELM354x overview measurement ranges
Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2 wire 10V Extended +10.737..V
Legacy +10V
+80 mV Extended +85.9.. mV
Legacy +80 mV
PT1000 2/3/4 wire 2000 Q Legacy 266 °C
Potentiometer 3/5 wire +1 VIV Extended +1 VIV
Legacy
Full bridge 4/6 wire 32 mV/IV Extended +34.359.. mV/V
Legacy +32 mV/V
+8 mV/V Extended +8.5899.. mV/V
Legacy +8 mV/V
+4 mV/IV Extended 1+4.2949.. mV/V
Legacy +4 mV/V
2 mV/V Extended +2.1474.. mV/IV
Legacy +2 mV/V
Half bridge 3/5 wire +16 mV/V Extended +17.179.. mV/V
Legacy +16 mV/V
+8 mV/V Extended +8.5899.. mV/V
Legacy +8 mV/V
+4 mV/V Extended +4.2949.. mV/V
Legacy +4 mV/IV
+2 mV/IV Extended +2.1474.. mV/IV
Legacy +2 mV/V
Quarter bridge 2/3/4 wire +32 mV/V Extended +34.359.. mV/V
120/350/1000 Q Legacy £32 mV/V
+8 mV/V Extended +8.5899.. mV/V
Legacy +8 mV/V
+4 mV/IV Extended 1+4.2949.. mV/V
Legacy +4 mV/V
2 mV/V Extended +2.1474.. mV/IV
Legacy +2 mV/V

Extended Range Mode (Default): [Defined resolution: FSV/7812500] i

-Limit -FSv 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607
(OxFF800000)  (OxFF88CA6C) (0x00000000) (0x007FFFFF)

(0x00773594)
I

I negative Range positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange Area ( Overrange Area (*

Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Range Error
Limit (2

Underrange
Limit (*

Legacy Range Mode (Optional):

negative Range

[Calculated resolution: FSV/8388607)

-FSvV 0 Value +FSV
-8388608 0 +8388607
(OxFF800000) (0x00000000) (0x007FFFFF)

positive Range

Range Error

Limit (2

Overrange

Limit (*

Nominal / Technical Range

FSV = full scale value

Fig. 93: Overview measurement ranges, Bipolar
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Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-1% FSV (] +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) " (0x00773594)  (Ox007FFFFF)
positive Range
Range Error 0 value area | Range Error
Limit (2

Limit (2

Underrange Area (1 Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

0 +FSV
0 +8388607
(0x00000000) itive R (0x007FFFFF)
Range Error positive Range Range Error
Limit (2 Limit (2
Underrange Overrange
Hee Nominal / Technical Range et

FSV = full scale value

Fig. 94: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.12 ELM360x

3.12.1 ELM360x - Introduction
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Fig. 95: ELM3602-0002, ELM3604-0002, ELM3602-0000, ELM3604-0000

2 and 4 channel IEPE analysis, 24 bit, 20/ 50 ksps, BNC

The ELM360x EtherCAT terminals are designed for the evaluation of IEPE sensors (Integrated Electronics
Piezo-Electric) with and without TEDS, which are mainly used for vibration diagnostics and acoustics. The
constant current feed can be set to 0/2/4 mA. The input characteristics are also flexibly adjustable from DC
to 10 Hz as high pass filter. The ELM360x basically measures sensor voltages (single ended) up to 20 V AC/
DC, but the internal scaler function can be used if, for example, an output in acceleration [m/s?] is desired.
The TEDS data of a sensor can be read out and written.

Possible applications:

+ Acquisition of AC voltage from IEPE sensors (oscillation measurement, acustics)

» Measurement of mV voltages over current shunts (AC/DC)
Note: due to single ended configuration possible on low side shunts only

« Common measurement of voltages up to 20 V single ended (AC/DC)
Irrespective of the signal configuration, all ELM3x0x terminals have the same functional properties. The

ELM360x terminals for IEPE evaluation offer a maximum sampling rate of 20,000 or 50,000 samples per
second.

Two connector variants were offered: due to IEPE sensors are often connected via coaxial cables, the
ELM360x-0002 terminals features BNC connectors; the ELM360x-0000 provides the control-cabinet-friendly
Pushin. In strong EMC burdened environments, the Pushin connector can be preferred because here shield
and signal ground can be performed separately.

Optional calibration certificate:

 with factory calibration certificate as ELM360x-0020: on request
+ external calibrated (ISO17025 or DAkks) as ELM360x-0030: on request

Re-calibration service via the Beckhoff service: on request
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Quick-Links

e EtherCAT basics
* Mounting and wiring [» 832]
e Commissioning [P 568]

e Connection view [P 568]

* Object description and parameterization [P _658]
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3.12.2

ELM360x - Technical data

Technical data

ELM3602-000x ELM3604-000x

Analog inputs

2 channel (single-ended) 4 channel (single-ended)

Time relation between channels to each
other

Simultaneous conversion of all channels in the terminal, synchronous conversion between
terminals, if DistributedClocks will be used

ADC conversion method

A% (Delta-Sigma) with internal sample rate

8 Msps 5.12 Msps
Cutoff frequency input filter hardware Before AD converter:
(see explanations in chapter hardware low pass -3 dB @ 30 kHz
Firmware filter concept) type butterworth 3th order

Within ADC after conversion:

Low pass Low pass

-3 dB @ 13.6 kHz, ramp-up time 60 us -3 dB @ 5.3 kHz, ramp-up time 150 ps

Type sinc3/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution

24 bit (including sign)

Connection technology

2-wire

Sampling rate (per channel, simultaneous)

20 ps/50 ksps 50 ps/20 ksps

Free down sampling by Firmware via decimation factor

Oversampling

1...100 selectable

Supported EtherCAT cycle time

(depending on the operation mode)

DistributedClocks: min. 100 ps, max. 10 ms
FrameTriggered/Synchron: min. 200 ps, max. 100 ms
FreeRun: not yet supported

Operation range |IEPE

Measuring ranges +20/40/80/160/320/640 mV, +1.25/2.5/5/10 V adjustable,
Current supply/ lexeire (IEPE Bias Current) 0/2/4 mA,

Acquisition of the modulated alternating voltage,

AC/DC coupling (parameterizable high pass),

2-wire-connection

Operation range voltage measurement

+10/5/2.5/1.25 V, +640/320/160/80/40/20 mV, 0...10/20 V "
2-wire-connection

Connection diagnosis

Wire break/short cut

Internal analog ground AGND

Existing by external connection to -Uv

Overvoltage protection of the inputs
related on -Uv (internal ground)

+Input1: at > +24 V and < -8 V respectively

Internal power supply via E-bus

Current consumption E-bus typ. 460 mA typ. 650 mA
Current consumption power contacts -

Thermal power dissipation typ. 3 W

Dielectric strength - destruction limit

Max. permitted short-term/continuous voltage

Voltage between each contact point £I1, 12, +Uv and —Uv: non-supplied +40 V, supplied
+36 V

Voltage between every contact point and SGND (shield, mounting rail): £36 V
Note: -Uv corresponds to internal AGND

Recommended operation voltage range to
compliance with specification

Max. permitted voltage during specified normal operation
111 and £12: typ. 10 V against —Uyv,

for ELM360x: related to GND: -5...+21.5V

Note: -Uv corresponds to internal AGND

") The ELM360x can measure the range from -5 V to +21.5 V related to GND.

Common data

ELM3602-000x ‘ ELM3604-000x

Distributed Clocks

Yes, with Oversampling n = 1...100, accuracy << 1 us

Special features

Extended Range 107 %, freely configurable numeric filters, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold

Functional diagnosis

Yes

Electrical isolation channel/channel ?

no

Electrical isolation channel/E-Bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

ELM3xxx
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Common data

ELM3602-000x ELM3604-000x

Configuration

via the EtherCAT Master, e.g. TwinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the
signal cable.

') see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [» 853]

Basic mechanical properties

ELM3602-000x ‘ ELM3604-000x

Connection type

Variant ELM360x-0000: 2-pin push-in cageclamp, service plug
Variant ELM360x-0002: BNC, shielded

Note: shield is the analog ground, electrically isolated from housing

Dimensions (W x H x D)

See chapter Housing [P 830

Mounting

on 35 mm rail conforms to EN 60715

Note Mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [P 834

during storage

Weight Approx. 350 g
Permissible ambient temperature range  |-25...+60 °C
during operation

Permissible ambient temperature range  |-40...+85 °C

Environmental data

ELM3602-000x ‘ ELM3604-000x

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3602-000x ‘ ELM3604-000x

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27

EMC-resistance / emission

Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings *

CE, UKCA, EAC, cULus [» 890

EMC notes

In case of push-in and mini-TC connectors, ESD air discharges conforming to EN
61000-6-4 into the connectors or to the lines connected there can lead to measurement
deviations up to +FSV within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 that are applied to the cable shield can
lead to measurement deviations up to £FSV.

*) Real applicable approvals/markings see type plate on the side (product marking).

3.12.21

ELM360x overview measurement ranges

For an explanation of the terms AC and DC, refer to the chapter "Analog notes - dynamic signals".

The input channels can be operated in principle in the operation mode AC coupling or DC coupling, see

chapter "IEPE AC Coupling":

» AC coupling: the arbitrary input signal is fed via a high-pass filter, after which only the corresponding
alternating component (AC) remains for the digital processing inside the terminal.

« DC coupling: the arbitrary input signal is digitally processed "as it is", irrespective of whether or not it
has an alternating component (AC).

NOTICE

Reference to GND

The ELM360x can measure with respect to GND in the range of -5 V...+21.5 V.

Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2 wire #0V " Extended +10.737..V
Legacy +10V
5V Extended +5.368.. V
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Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy

Legacy 5V

25V Extended +2.684..V
Legacy 25V

+1.25V Extended +1.342..V
Legacy +1.25V

640 mV Extended +687.2.. mV
Legacy +640 mV

+320 mV Extended +343.6.. mV
Legacy +320 mV

+160 mV Extended +171.8.. mV
Legacy +160 mV

+80 mV Extended +85.9.. mV
Legacy +80 mV

+40 mV Extended +42.95.. mV
Legacy +40 mV

+20 mV Extended +21.474.. mV
Legacy +20 mV

) The input voltage must not fall below -5 V with respect to GND, the measuring accuracy is then no longer
given. This means a measurement down to -10 V with respect to GND is only possible if at the same time an

offset of at least +5 V is applied, as is usual with IEPE supply.

Measurement Connection technol- |FSV Mode Maximum value/ value range
ogy
Voltage 2 wire +10V Extended 0...10.737..V
Legacy 0...10V
+20V Extended 0...21.474..V
Legacy 0...20V
Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607

(OxFF800000) (0xFF88CAISC) eontive Range (0x00000000) Sositive Range (0x(:0773594) (0x007FFFFF)

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (* Overrange Area (*

Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: FSV/8388607 i
-FSV 0 Value +FSV
-8388608 0 +8388607
(0xFF800000) (0x00000000) (OX007FFFFF)

negative Range positive Range

Range Error
Limit (2

Range Error
Limit (2

Overrange
Limit (*

Underrange
Limit (2

Nominal / Technical Range

FSV = full scale value

Fig. 96: Overview measurement ranges, Bipolar
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Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-1% FSV (] +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) " (0x00773594)  (Ox007FFFFF)
positive Range
Range Error 0 value area 1 Range Error
Limit (2 Limit (2

Underrange Area (1 Nominal Range Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: FSV/8388607] I
0 +FSV
0 +8388607
(0x00000000) (0x007FFFFF)

Range Error positive Range

Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
imit (*

Nominal / Technical Range

FSV = full scale value
Fig. 97: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

3.12.2.2 IEPE high pass properties
For optional regulation of the IEPE bias voltage, the ELM360x has an adjustable 1 st order high-pass filter.
For an explanation of the terms AC and DC, refer to the chapter "Analog notes - dynamic signals".

The input channels can be operated in principle in the operation mode AC coupling or DC coupling, see
chapter "IEPE AC Coupling":

* AC coupling: the arbitrary input signal is fed via a high-pass filter, after which only the corresponding
alternating component (AC) remains for the digital processing inside the terminal.

» DC coupling: the arbitrary input signal is digitally processed "as it is", irrespective of whether or not it
has an alternating component (AC).

The typical frequency behavior in the measuring range 2.5 V is as follows:
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1 Hz Highpass Filter
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100 mHz Highpass Filter
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A (dB)
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107 1072 107" 10° 10
Frequency (Hz)
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10 mHz Highpass Filter

A+

410

A (dB)

15 |-

-20

25
10° 107 107" 10° 10
Frequency (Hz)
Note: if other dynamic filter properties are desired, you can proceed as follows:
* Operate the ELM370x terminal in the measuring range "0..20 V"
» Deactivate IEPE AC coupling in the respective channel

Off (D Coupling)

Off (D Coupling)
0.001 Hz

* The channel now measures with 23 bits + sign over 20 V, i.e. including the bias voltage, which is
normally 10..16 V. With the implementation of a high-pass on the user side by means of TwinCAT
programming (inside the PLC), the bias component (DC component) is now consequently to be
suppressed on the controller side. The now reduced signal resolution of the measuring range 2.5 V
with 24 bits to 20 V with 23 bits must be considered. In return for that, the user obtains full digital
control over the measuring behavior in the lower frequency range.

ELM3xxx Version: 2.18 251



Product overview

BECKHOFF

3.12.2.3 Measurement IEPE £10 V

Measurement mode M0V

Measuring range, nominal -10...+10V?

Measuring range, end value (FSV) 10V

Measuring range, technically usable -10.737...+10.737 V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 1.28 pVv 327.68 uv
PDO LSB (Legacy Range) 1.192.. pv 305.18.. yv
Input impedance *Input 1 Differential typ. 2 MQ || 1 nF

(internal resistance)

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

%) For IEPE measurement applies: The input voltage must not fall below -5 V with respect to GND, the
measuring accuracy is then no longer given. This means a measurement down to -10 V with respect to GND
is only possible if at the same time an offset of at least +5 V is applied, as is usual with IEPE supply.

Measurement mode

oV

Basic accuracy: Measuring deviation at 23°C, with averaging "

< +0.005 % = 50 ppmegy typ.

< 0.5 mV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< +0.009 %, < £90 ppmgsy typ.

<+0.9 mV typ.
Offset/Zero point deviation (at 23°C) " Eofteet <15 ppMesy
Gain/scale/amplification deviation (at Ecain <40 ppm
23°C)"
Non-linearity over the whole measuring Ein < 25 ppmegy
range "
Repeatability, over 24 h, with averaging " |Eg,, < 2.5 ppmggy
Temperature coefficient " TCoain < 2 ppm/K typ.
TCofet <1 ppmes,/K typ.
<10 pVIK typ.

Largest short-term deviation during a specified electrical interference
test 9

+0.03 % = 300 ppmegy typ.

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

*) preliminary data

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode M0V
Noise (without filtering) Eoise, ptp <115 ppmgsy < 898 digits <1.15mV

Enoise, Ris <19 ppmegy < 148 digits <0.19 mV

Max. SNR >94.4dB

Noisedensity@1kHz WV

<19 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <12 ppmesy < 94 digits <120 pv

Enoise, RMS <2 ppmesy < 16 digits <20V

Max. SNR > 114 dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
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ELM3604 (20 ksps)

Measurement mode MoV

Noise (without filtering) Enoise, ptp <70 ppmegy < 547 digits <0.7mV
Enoise, RMs <12 ppmesy < 94 digits <0.12mV
Max. SNR >98.4dB
Noisedensity@1kHz WV

<1.2 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <9 ppmegy < 70 digits <90 pv
Enoise, RS < 1.5 ppmegy < 12 digits <15pv
Max. SNR >116.5dB

Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-80 dB

typ. typ.

Crosstalk (with 50 Hz FIR filter)

DC: <-100 dB typ.

50 Hz: <-120 dB
typ.

1 kHz: <-120 dB
typ.

-10.737..V -10V

-8388608 -7812500
(OXFF800000)  (OxFF88CA6C)
|

Range Error

Extended Range Mode (Default):

negative Range

(0x00000000)

[Defined resolution: 1.28 pV /Step) i

positive Range

+10V
+7812500

(0x00773594)
I

+10.737..V
+8388607
(0X007FFFFF)

Limit (2

Range Error
Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Legacy Range Mode (Optional):

-10V
-8388608
(OxFF800000)

Range Error

negative Range

Technical Range

(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 1.192.. uV /Step|

positive Range

+10V
+8388607
(0X007FFFFF)

Limit (2

Underrange

Limit (*

Nominal / Technical Range

Range Error
Limit (2

Overrange
Limit (*

Fig. 98: Representation £10 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Fig. 99: Frequency response ELM3604, £10 V measuring range, foming = 20 ksps, integrated filter 1 and 2
deactivated
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3.12.2.4 Measurement IEPE 5V

Measurement mode 5V

Measuring range, nominal -5..+5V

Measuring range, end value (FSV) 5V

Measuring range, technically usable -5.368...+5.368 V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 640 nV 163.84 pVv
PDO LSB (Legacy Range) 596.. nV 152.59.. yv

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode

5V

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.005 % = 50 ppmggy typ.
<0.25 mV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< £0.009 %, < £90 ppmgg, typ.
<0.45 mV typ.

Offset/Zero point deviation (at 23°C) " Eofteet <15 ppmesy

Gain/scale/amplification deviation (at Egan <40 ppm

23°C)"

Non-linearity over the whole measuring E.n < 25 ppMmesy

range "

Repeatability, over 24 h, with averaging " |Eg,, < 2.5 ppmegy

Temperature coefficient ” TCoain < 2 ppm/K typ.

TCoffset <1 ppMesy/K typ.

<5 pV/K typ.

test ¥

Largest short-term deviation during a specified electrical interference

+0.03 % = 300 ppmggy typ.

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

4) preliminary data

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode 5V
Noise (without filtering) Enoise, ptp <115 ppmgsy < 898 digits <0.58 mV

Enoise, rvs <19 ppmesy < 148 digits <95 uv

Max. SNR >94.4dB

Noisedensity@1kHz WV

<0.95 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <12 ppmesy < 94 digits <60 pv

Enoise, Ris < 2 ppmesy < 16 digits <10V

Max. SNR > 114 dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.

ELM3xxx
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ELM3604 (20 ksps)

Measurement mode 5V

Noise (without filtering) Enoise, ptp <70 ppmegy < 547 digits <0.35mV
Enoise, Ris <12 ppmesy < 94 digits <60 pv
Max. SNR >98.4dB
Noisedensity@1kHz WV

<0.6 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <9 ppmegy < 70 digits <45V
Enoise, Rus < 1.5 ppmegy <12 digits <7.5uVv
Max. SNR >116.5dB

Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-80 dB

typ. typ.

Crosstalk (with 50 Hz FIR filter)

DC: <-100 dB typ.

50 Hz: <-120 dB
typ.

1 kHz: <-120 dB
typ.

-5.368..V -5V
-8388608 -7812500
(OXFF800000)  (OXFF88CAGC)

Range Error

Extended Range Mode (Default):

negative Range (0x00000000)

[Defined resolution: 640 nV /Step) il

positive Range

+5V
+7812500

(0x00773594)
|

+5.368..V
+8388607
(0XO07FFFFF)

Limit (2

Range Error
Limit (2

Underrange Area (*

Nominal Range

Overrange Area (!

Legacy Range Mode (Optional):

-5V
-8388608
(OxFF800000)

Range Error

negative Range

Technical Range

(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 596.. nV /Step] il

positive Range

+5V
+8388607
(0XO07FFFFF)

Limit (2

Underrange

Limit (*

Nominal / Technical Range

Range Error
Limit (2

Overrange
Limit (*

Fig. 100: Representation £5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Fig. 101: Frequency response ELM3604, +5 V measuring range, f..,i,g = 20 ksps, integrated filter 1 and 2
deactivated
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3.12.2.5 Measurement IEPE £2.5V

Measurement mode 2.5V

Measuring range, nominal -25..425V

Measuring range, end value (FSV) 25V

Measuring range, technically usable -2.684...+2.684 V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 320 nVv 81.92 pyv
PDO LSB (Legacy Range) 298.. nV 76.29.. pv

Input impedance tInput 1
(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [P _568]

Measurement mode

25V

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.005 % = 50 ppmggy typ.
<0.13 mV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< +0.009 %, < £90 ppmgs, typ.
<+0.23 mV typ.

Offset/Zero point deviation (at 23°C) V| Eggeer <15 ppmesy

Gain/scale/amplification deviation (at Ecain <40 ppm

23°C)"

Non-linearity over the whole measuring |E,;, < 25 ppMmegy

range "

ﬁepeatability, over 24 h, with averaging |Eg,, < 2.5 ppmegy

Temperature coefficient ” TCoan < 2 ppm/K typ.

TCoftset <1 ppmes/K typ.

< 2.5 uVIK typ.

Largest short-term deviation during a specified electrical interference
test ¥

+0.03 % = 300 ppmesy typ.

") Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HWQ9, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

4) preliminary data

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode 25V
Noise (without filtering) Enoise, pte <115 ppMmgsy < 898 digits <0.29 mV

Enoise, rus <19 ppmegy < 148 digits <47.5uv

Max. SNR >94.4dB

Noisedensity@1kHz WV

<0.48 VHz

Noise (with 50 Hz FIR filter) Enoise, e <12 ppmesy < 94 digits <30 pv

Enoise, rRuis <2 ppMesy < 16 digits <5pVv

Max. SNR > 114 dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
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ELM3604 (20 ksps)

Measurement mode 2.5V

Noise (without filtering) Enoise, ptp <70 ppmegy < 547 digits <0.18 mV
Enoise, Ris <12 ppmesy < 94 digits <30 pv
Max. SNR >98.4dB
Noisedensity@1kHz WV

<0.3 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <9 ppmegy < 70 digits <225V
Enoise, Rus < 1.5 ppmegy <12 digits <3.75pVv
Max. SNR >116.5dB

Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-80 dB

typ. typ.

Crosstalk (with 50 Hz FIR filter)

DC: <-100 dB typ.

50 Hz: <-120 dB
typ.

1 kHz: <-120 dB
typ.

-2.684..V -2.5V

-8388608 -7812500

(OXFF800000) ~ (OXFF88CAGC)
Range Error |

Extended Range Mode (Default):

negative Range

(0x00000000)

[Defined resolution: 320 nV /Step] i

positive Range

+25V
+7812500

(0x00773594)
I

+2.684..V
+8388607
(0X007FFFFF)

Limit (2

Range Error
Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Legacy Range Mode (Optional):

-2.5V
-8388608
(OxFF800000)

Range Error

negative Range

Technical Range

(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 298.. nV /Step|

positive Range

+25V
+8388607
(0X007FFFFF)

Limit (2

Underrange

Limit (*

Nominal / Technical Range

Range Error
Limit (2

Overrange
Limit (*

Fig. 102: Representation +2.5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Fig. 103: Frequency response ELM3604; measuring range +2.5 V, f i = 20 ksps, integrated filter 1 and 2
deactivated
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Fig. 104: Frequency response ELM3602; measuring range +2.5 V, f i, = 50 ksps, integrated filter 1 and 2
deactivated

ELM3xxx Version: 2.18 261



Product overview

BECKHOFF

3.12.2.6 Measurement IEPE #1.25V

Measurement mode .25V

Measuring range, nominal -1.25..41.25V

Measuring range, end value (FSV) 1.25V

Measuring range, technically usable -1.342...+1.342V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 160 nV 40.96 pv
PDO LSB (Legacy Range) 149.. nV 38.14.. pv

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode

1.25V

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.005 % = 50 ppmggy typ.
<+62.5 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< £0.009 %, < £90 ppmgg, typ.

< 0.1 mV typ.
Offset/Zero point deviation (at 23°C) " Eofteet <15 ppmesy
Gain/scale/amplification deviation (at Egan <40 ppm
23°C)"
Non-linearity over the whole measuring E.n < 25 ppMesy
range "
Repeatability, over 24 h, with averaging " |Eg,, < 5 ppMegy
Temperature coefficient ” TCoain < 2 ppm/K typ.
TCoffset <1 ppMesy/K typ.
<1.25 pV/K typ.

Largest short-term deviation during a specified electrical interference
test 9

+0.03 % = 300 ppmggy typ.

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

4) preliminary data

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode *1.25V
Noise (without filtering) Enoise, ptp <115 ppmgsy < 898 digits <143.75 pv

Enoise, Rus <19 ppMesy < 148 digits <23.75 pv

Max. SNR >94.4dB

Noisedensity@1kHz WV

<0.24 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <12 ppmesy < 94 digits <15V

Enoise, Ris < 2 ppmesy < 16 digits <25uv

Max. SNR > 114 dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
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ELM3604 (20 ksps)

Measurement mode ¥#1.25V
Noise (without filtering) Enoise, ptp <70 ppmegy < 547 digits <87.5uVv
Enoise, Ris <12 ppmesy < 94 digits <15pv
Max. SNR >98.4dB
Noisedensity@1kHz WV
<0.15 VHz
Noise (with 50 Hz FIR filter) Enoise, pip <9 ppmegy < 70 digits <11.25 yv
Enoise, Rus < 1.5 ppmegy <12 digits <1.88 pv
Max. SNR >116.5dB
Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-80 dB
typ. typ.
Crosstalk (with 50 Hz FIR filter) DC: <-100 dB typ. |50 Hz: <-120 dB 1 kHz: <-120 dB
typ. typ.

-1.490..V -1.25V

-8388608 -7812500

(OXFF800000)  (OxFF88CA6C)
|

Range Error

Extended Range Mode (Default):

. (0x00000000)
negative Range

[Defined resolution: 160 nV /Step] i

positive Range

+1.25V
+7812500

(0x00773594)
I

+1.490..V
+8388607
(0X007FFFFF)

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Legacy Range Mode (Optional):

-1.25V
-8388608
(OxFF800000)

Range Error

negative Range

Technical Range

(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 149.. nV /Step| ikl

positive Range

+1.25V
+8388607
(0X007FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (*

Nominal / Technical Range

Limit (*

Fig. 105: Representation +1.25 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Fig. 106: Frequency response ELM3604, +1.25 V measuring range, f.,.ins = 20 ksps, integrated filter 1 and 2
deactivated

264 Version: 2.18 ELM3xxx



BECKHOFF

Product overview

3.12.2.7 Measurement IEPE £640 mV

Measurement mode 640 mV
Measuring range, nominal -640...+640 mV
Measuring range, end value (FSV) 640 mV

Measuring range, technically usable

-687.2...+687.2 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 81.92 nvV 20.97152 pv
PDO LSB (Legacy Range) 76.29.. nV 19.53.. pv

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode

1640 mV

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.005 % = 50 ppmggy typ.

<32 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< £0.0095 %, < 95 ppmegy typ.

< 60.8 pV typ.

Offset/Zero point deviation (at 23°C) " Eofteet < 20 ppMesy

Gain/scale/amplification deviation (at Egan <40 ppm

23°C)"

Non-linearity over the whole measuring E.n < 25 ppMmesy

range "

Repeatability, over 24 h, with averaging " |Eg,, < 5 ppMegy

Temperature coefficient ” TCoain < 2 ppm/K typ.
TCoffset < 1.5 ppmes,/K typ.

< 0.96 pV/K typ.

test ¥

Largest short-term deviation during a specified electrical interference

+0.03 % = 300 ppmggy typ.

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

4) preliminary data

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode 640 mV
Noise (without filtering) Enoise, ptp <115 ppmgsy < 898 digits <73.6 pv

Enoise, Rus <19 ppMesy < 148 digits <12.16 pv

Max. SNR >94.4dB

Noisedensity@1kHz WV

<0.12 VHz

Noise (with 50 Hz FIR filter) Enoise, pip <18 ppmesy < 141 digits <11.52 pv

Enoise, RMs < 3 ppmesy < 23 digits <1.92 pv

Max. SNR >110.5dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
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ELM3604 (20 ksps)

Measurement mode 1640 mV
Noise (without filtering) Enoise, ptp <70 ppmegy < 547 digits <44.8 pv
Enoise, RMs <12 ppmesy < 94 digits <7.68 pv
Max. SNR >98.4 dB
Noisedensity@1kHz WV
<0.08 VHz
Noise (with 50 Hz FIR filter) Enoise, pip <9 ppmegy < 70 digits <5.76 pv
Enoise, Rus < 1.5 ppmegy <12 digits <0.96 pv
Max. SNR > 116.5 dB
Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-75dB
typ. typ.
Crosstalk (with 50 Hz FIR filter) DC: <-100 dB typ. |50 Hz: <-120 dB 1 kHz: <-120 dB
typ. typ.
Extended Range Mode (Default): [Defined resolution: 81.92 nV /Step| i
-687.2.. mV -640 mV ov +640 mV +687.2.. mV
-8388608 -7812500 0 +7812500 +8388607
(2:;238?00) (OXFF88CA|6C) negative Range (0x00000000) positive Range (0X30773594) (OXOFZZL::EF:)

Limit (2 Limit (2

Underrange Area (* Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 76.294.. nV /Step)| O
-640 mV ov +640 mV
-8388608 0 +8388607
(OxFF800000) (0x00000000) (OX007FFFFF)

negative Range positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 107: Representation +640 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range

is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.
In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Frequency response: See data within Measurement IEPE +10 V [P 254]
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3.12.2.8 Measurement IEPE £320 mV

Measurement mode +320 mV

Measuring range, nominal -320...+320 mV

Measuring range, end value (FSV) 320 mV

Measuring range, technically usable -343.6...+343.6 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 40.96 nV 10.48576 uVv
PDO LSB (Legacy Range) 38.14..nV 9.765.. pv

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode

1320 mV

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.0065 % = 65 ppmggy typ.
<20.8 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

<0.0115 %, < £115 ppmgs, typ.
< +36.8 uV typ.

Offset/Zero point deviation (at 23°C) V' |Eggeer < 40 ppmesy

Gain/scale/amplification deviation (at Egain <40 ppm

23°C)"

Non-linearity over the whole measuring |E;, < 30 ppmegy

range "

ﬁepeatability, over 24 h, with averaging |Eg, <5 ppMmegy

Temperature coefficient ” TCeain < 2 ppm/K typ.
TCofset <2 ppmes,/K typ.

< 0.64 pV/K typ.

Largest short-term deviation during a specified electrical interference
test ¥

+0.03 % = 300 ppmegy typ.

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

4) preliminary data

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uent)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode 320 mV
Noise (without filtering) Enoise, ptp <130 ppMesy < 1016 digits <416 pVv
Enoise, rus < 21 ppMmesy < 164 digits <6.72 uyv
Max. SNR >93.6 dB
Noisedensity@1kHz
nVvV
67.2 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <18 ppmegy < 141 digits <5.76 pv
Enoise, s < 3 pPMesy < 23 digits <0.96 pv
Max. SNR >110.5dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
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ELM3604 (20 ksps)

Measurement mode *320 mV
Noise (without filtering) Enoise, ptp <75 ppmegy < 586 digits <24 uyv
Enoise, Rus <13 ppmesy < 102 digits <4.16 pv
Max. SNR >97.7dB
Noisedensity@1kHz
nVv
41.6 VHz
Noise (with 50 Hz FIR filter) Enoise, pip <12 ppmegy < 94 digits <3.84 pv
Enoise, RMs < 2 ppMegy < 16 digits <0.64 pv
Max. SNR > 114 dB
Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-75dB
typ. typ.
Crosstalk (with 50 Hz FIR filter) DC: <-100 dB typ. |50 Hz: <-120 dB 1 kHz: <-120 dB
typ. typ.
Extended Range Mode (Default): [Defined resolution: 40.96 nV /Step| i
-343.6.. mV -320 mV ov +320 mV +343.6.. mV
-8388608 -7812500 0 +7812500 +8388607

(0OxFF800000) (OxFF88CA6C) ) (0x00000000) - (0x00773594)  (0x007FFFFF)
| negative Range positive Range |

Range Error

Range Error
Limit (2

Limit (2

Underrange Area ( Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 38.147.. nV /Step| i
-320 mv ov +320 mv
-8388608 0 +8388607
(OxFF800000) (0x00000000) (OX007FFFFF)

negative Range

positive Range

Range Error

Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (

Limit (2

Nominal / Technical Range

Fig. 108: Representation +320 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range

is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.
In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Frequency response: See data within Measurement IEPE +10 V [P 254]

268 Version: 2.18 ELM3xxx



BECKHOFF

Product overview

3.12.2.9 Measurement IEPE £160 mV

Measurement mode +160 mV

Measuring range, nominal -160...+160 mV

Measuring range, end value (FSV) 160 mV

Measuring range, technically usable -171.8...+171.8 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 20.48 nV 5.24288 pVv
PDO LSB (Legacy Range) 19.07.. nV 4.882.. v

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode

1160 mV

Basic accuracy: Measuring deviation at 23°C, with averaging

< +0.0085 % = 85 ppmggy typ.
<+13.6 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< +0.0155 %, < £155 ppmgg, typ.
< +24.8 uV typ.

Offset/Zero point deviation (at 23°C) V' |Eggeer < 65 ppMesy

Gain/scale/amplification deviation (at Egain <40 ppm

23°C)"

Non-linearity over the whole measuring |E;, < 35 ppmegy

range "

ﬁepeatability, over 24 h, with averaging |Eg, <5 ppMmegy

Temperature coefficient ” TCeain < 2 ppm/K typ.
TCofset < 3.5 ppmesy/K typ.

< 0.56 pVI/K typ.

Largest short-term deviation during a specified electrical interference
test ¥

+0.03 % = 300 ppmegy typ.

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

4) preliminary data

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uent)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode 160 mV
Noise (without filtering) Enoise, ptp <180 ppmesy < 1406 digits <28.8 pv
Enoise, rus < 29 ppmegy < 227 digits <4.64 pv
Max. SNR >90.8dB
Noisedensity@1kHz
nv.
<46.4 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <18 ppmegy < 141 digits <2.88 pv
Enoise, s < 3 pPMesy < 23 digits <0.48 pv
Max. SNR >110.5dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
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ELM3604 (20 ksps)

Measurement mode +160 mV
Noise (without filtering) Enoise, ptp <105 ppmgsy < 820 digits <16.8 pv
Enoise, Rus <18 ppmesy < 141 digits <2.88 v
Max. SNR >94.9dB
Noisedensity@1kHz
nv.
<288 VHz
Noise (with 50 Hz FIR filter) Enoise, pip <15 ppmegy < 117 digits <24 uVv
Enoise, RMs < 2.5 ppmegy < 20 digits <04 v
Max. SNR >112dB
Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-75dB
typ. typ.
Crosstalk (with 50 Hz FIR filter) DC: <-100 dB typ. |50 Hz: <-120 dB 1 kHz: <-120 dB
typ. typ.
Extended Range Mode (Default): [Defined resolution: 20.48 nV /Step| i
-171.8.. mV -160 mV ov +160 mV +171.8.. mV
-8388608 -7812500 0 +7812500 +8388607
(2:;!:%13(:})00) (OXFF88CA|6C) negative Range (0x00000000) positive Range (0X30773594) (OXOFZZL::EF:)

Limit (2 Limit (2

Underrange Area ( Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 19.07.. nV /Step| i
-160 mV ov +160 mV
-8388608 0 +8388607
(OxFF800000) (0x00000000) (OxO07FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (

Limit (2

Nominal / Technical Range

Fig. 109: Representation 160 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range

is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.
In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Frequency response: See data within Measurement IEPE +10 V [P 254]
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3.12.2.10 Measurement IEPE 80 mV

Measurement mode +80 mV

Measuring range, nominal -80...+80 mV

Measuring range, end value (FSV) 80 mV

Measuring range, technically usable -85.9...+85.9 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 10.24 nV 2.62144 pv
PDO LSB (Legacy Range) 9.536.. nV 2.441.. pv

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF agains

t SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode +80 mV
Basic accuracy: Measuring deviation at 23°C, with averaging <0.011 % = 110 ppmgsgy typ.
< 8.8 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< +0.0205 %, < 205 ppmegy, typ.
<+16.4 pV typ.

Offset/Zero point deviation (at 23°C) V' |Eggeer < 95 ppMmesy

Gain/scale/amplification deviation (at Egain <40 ppm

23°C)"

Non-linearity over the whole measuring |E;, <40 ppmgsy

range "

ﬁepeatability, over 24 h, with averaging |Eg, < 7.5 ppmegy

Temperature coefficient ” TCeain < 2 ppm/K typ.

TCofset < 5 ppmes,/K typ.

< 0.4 uVIK typ.

Largest short-term deviation during a specified electrical interference
test ¥

+0.03 % = 300 ppmegy typ.

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

4) preliminary data

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uent)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode 80 mV
Noise (without filtering) Enoise, ptp < 320 ppmesy < 2500 digits <256 pVv
Enoise, rus < 53 ppmesy < 414 digits <4.24 uyv
Max. SNR > 85.5dB
Noisedensity@1kHz
nv.
<424 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < 36 ppmegy < 281 digits <2.88 pv
Enise, Riis < 6 ppMesy < 47 digits <0.48 pv
Max. SNR > 104.4 dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
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ELM3604 (20 ksps)

Measurement mode +80 mV
Noise (without filtering) Enoise, ptp <180 ppmegsy < 1406 digits <14.4 pv
Enoise, RMs < 30 ppMesy < 234 digits <24 v
Max. SNR >90.5dB
Noisedensity@1kHz
nVv
<24 VHz
Noise (with 50 Hz FIR filter) Enoise, pip < 20 ppmegy < 156 digits <1.6 uv
Enoise, RMs <4 ppMegy < 31 digits <0.32 pv
Max. SNR > 108 dB
Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-75dB
typ. typ.
Crosstalk (with 50 Hz FIR filter) DC: <-100 dB typ. |50 Hz: <-120 dB 1 kHz: <-120 dB
typ. typ.

Extended Range Mode (Default):

-85.9.. mV -80 mV
-8388608 -7812500
(OxFF800000)  (OxFF88CA6C)

Range Error

negative Range

(0x00000000)

[Defined resolution: 10.24 nV /Step| i

positive Range

+80 mV
+7812500

(0x00773594)
|

+85.9.. mV
+8388607
(0xO07FFFFF)

Range Error

Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Legacy Range Mode (Optional):

-80 mV
-8388608
(0xFF800000)

Range Error

negative Range

Technical Range

(0x00000000)

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

[Calculated resolution: 9.537.. nV /Step)| ikl

positive Range

+80 mvV
+8388607
(0xO07FFFFF)

Range Error

Limit (2

Underrange

Limit (2

Overrange

Limit (

Nominal / Technical Range

Limit (2

Fig. 110: Representation +80 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Frequency response: See data within Measurement IEPE +10 V [P 254]
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3.12.2.11 Measurement IEPE 40 mV

Measurement mode +40 mV

Measuring range, nominal -40...+40 mV

Measuring range, end value (FSV) 40 mV

Measuring range, technically usable -42.95...+42.95 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 5.12nV 1.31072 pv
PDO LSB (Legacy Range) 4.768.. nV 1.220.. pv

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode +40 mV
Basic accuracy: Measuring deviation at 23°C, with averaging < +0.0205 % = 205 ppmggy typ.
< 8.2 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

< +0.0395 %, < £395 ppmgg, typ.
<+15.8 pV typ.

Offset/Zero point deviation (at 23°C) V' |Eggeer <190 ppMesy

Gain/scale/amplification deviation (at Egain < 50 ppm

23°C)"

Non-linearity over the whole measuring |E;, < 60 ppmegy

range "

ﬁepeatability, over 24 h, with averaging |Eg, <10 ppmesy

Temperature coefficient ” TCeain 3 ppm/K typ.
TCofset <10 ppmes/K typ.

< 0.4 uVIK typ.

Largest short-term deviation during a specified electrical interference
test

Value to follow

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [»_23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode +40 mV
Noise (without filtering) Enoise, ptp < 600 ppmesy < 4688 digits <24 pyv
Enoise, Rus < 100 ppmgsy < 781 digits <4V
Max. SNR >80 dB
Noisedensity@1kHz
nV
<40 VHz
Noise (with 50 Hz FIR filter) Enoise, pip < 60 ppmesy < 469 digits <24uv
Enoise, RMs < 10 ppMesy < 78 digits <04 pv
Max. SNR > 100 dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
ELM3604 (20 ksps)
Measurement mode +40 mV
Noise (without filtering) Enoise, pte ‘< 360 ppmesy < 2813 digits <144 pv ‘

ELM3xxx
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Measurement mode +40 mV
Enoise, rRus < 60 ppmesy < 469 digits <24uv
Max. SNR >84.4dB
Noisedensity@1kHz
nV
<24 \/ﬁ
Noise (with 50 Hz FIR filter) Enoise, ptp < 40 ppmegy < 313 digits <1.6 uv
Enoise, rms < 8 ppmesy < 63 digits <0.32 pv
Max. SNR >101.9dB
Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-75dB
typ. typ.
Crosstalk (with 50 Hz FIR filter) DC: <-100 dB typ. |50 Hz: <-120 dB 1 kHz: <-120 dB
typ. typ.
Extended Range Mode (Default): |Defined resolution: 5.12 nV /Step| i
-42.95.. mV -40 mV ov +40 mV +42.95.. mV
-8388608 -7812500 0 +7812500 +8388607
(2:;:8528?00) (0xFF88CAI6C) eqative Range (0x00000000) Sositive Range (0X20773594) (0x0£;§:;|:)
Limit (2 Limit (2

Underrange Area (* Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 4.768.. nV /Step)| i

-40 mV ov +40 mV
-8388608 0 +8388607
(0xFF800000) . (0x00000000) . (0x007FFFFF)
negative Range positive Range
Range Error Range Error

Limit (2

Limit (2

Underrange

Overrange
Limit (¢

Limit (*

Nominal / Technical Range

Fig. 111: Representation £40 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Frequency response: See data within Measurement IEPE +10 V [P 254]
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3.12.2.12 Measurement IEPE 20 mV

Measurement mode +20 mV

Measuring range, nominal -20...+20 mV

Measuring range, end value (FSV) 20 mV

Measuring range, technically usable -21.474...+21.474 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 2.56 nV 655.36 nV
PDO LSB (Legacy Range) 2.384..nV 610.37.. nV

Input impedance tInput 1

(internal resistance)

Differential typ. 2 MQ || 1 nF

CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode +20 mV
Basic accuracy: Measuring deviation at 23°C, with averaging < 0.04 % = 400 ppmggy typ.
<8 pV typ.

Extended basic accuracy: Measuring deviation at 0...55°C, with
averaging "®

<0.077 %, < £770 ppmegy typ.
<+15.4 uV typ.

Offset/Zero point deviation (at 23°C) V' |Eggeer

< 380 ppmesy

Gain/scale/amplification deviation (at Egain < 60 ppm
23°C)"

Non-linearity over the whole measuring |E;, < 100 ppmgsy
range "

Repeatability, over 24 h, with averaging |Eg,
1

< 25 ppMesy

Temperature coefficient TCgain

<4 ppm/K typ.

TCOffse(

< 20 ppmesy/K typ.
< 0.4 uVIK typ.

Largest short-term deviation during a specified electrical interference
test

Value to follow

') Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HW09, ELM3604-00x0 from HW10;

specifications of predecessor-HW on request

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [»_23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3602 (50 ksps)

Measurement mode 20 mV
Noise (without filtering) Enoise, ptp < 1200 ppmesy < 9375 digits <24 pyv
Enoise, rvs <200 ppMesy < 1563 digits <4 v
Max. SNR >74 dB
Noisedensity@1kHz
nV
<40 VHz
Noise (with 50 Hz FIR filter) Enoise, pip <140 ppmegy <1094 digits <28uv
Enoise, Rus < 23 ppMmesy < 180 digits <0.46 pv
Max. SNR >92.8dB
Crosstalk (without filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.
Crosstalk (with 50 Hz FIR filter) DC: tbd. dB typ. 50 Hz: tbd. dB typ. |1 kHz: tbd. dB typ.

ELM3604 (20 ksps)

Measurement mode *20 mV
Noise (without filtering) Enoise, pte <700 ppMegsy < 5469 digits <14 uv
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Measurement mode 20 mV
Enoise, Ris <120 ppmegy < 938 digits ‘< 2.4 v
Max. SNR >78.4dB
Noisedensity@1kHz
nV
<24 \/ﬁ
Noise (with 50 Hz FIR filter) Enoise, ptp < 80 ppMmesy < 625 digits <1.6 uyv
Enoise, RS <16 ppMmegy < 125 digits <0.32 pv
Max. SNR >959dB
Crosstalk (without filter) DC: <-100 dB typ. |50 Hz: <-100 dB 1 kHz: <-75dB
typ. typ.
Crosstalk (with 50 Hz FIR filter) DC: <-100 dB typ. |50 Hz: <-120 dB 1 kHz: <-120 dB
typ. typ.

Extended Range Mode (Default): |Defined resolution: 2.56 nV /Step| i

-21.474.. mV -20 mV ov +20 mV +21.474.. mV
-8388608 -7812500 0 +7812500 +8388607
(0xFF800000) ~ (OxFF88CAGC) : (0x00000000) . (0x00773594)  (OxO07FFFFF)
negative Range positive Range
Range Error | 1 Range Error
Limit (2

Limit (2

Underrange Area (* Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: 2.384.. nV /Step)| il

-20 mv ov +20 mV
-8388608 0 +8388607
(OxFF800000) . (0x00000000) y (OXQ07FFFFF)

Range Error negative Range positive Range

Range Error
Limit (2

Limit (2

Underrange
Limit (¢

Overrange

. . Limit (*
Nominal / Technical Range

Fig. 112: Representation £20 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Frequency response: See data within Measurement IEPE +10 V [P 254]
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3.12.2.13 Measurement IEPE 0...20 V

Measurement mode 0...20V

Measuring range, nominal 0...20V

Measuring range, end value (FSV) 20V

Measuring range, technically usable 0...+21.474 V

PDO resolution (unsigned) 23 bit 15 bit 2
PDO LSB (Extended Range) 2.56 pVv 655.36 pVv
Input impedance *Input 1 Differential typ. 2 MQ || 1 nF

(internal resistance) CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [P _568]

Measurement mode 0...20V
Basic accuracy: Measuring deviation at 23°C, with averaging < 0.0075 % = 75 ppmesgy typ.
<+1.5mV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < 0.0105 %, < £105 ppmgs, typ.
averaging "® <221 mV typ.
Offset/Zero point deviation (at 23°C) " |Egyeet < 20 ppmegy
Gain/scale/amplification deviation (at Ecain <60 ppm
23°C)"
Non-linearity over the whole measuring |E,;, <40 ppmesy
range "
ﬁepeatability, over 24 h, with averaging |Eg, < 5 ppmesy
Temperature coefficient " TCoan < 2 ppm/K typ.
TCofset <1 ppmes/K typ.
<20 pVIK typ.

") Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HWQ9, ELM3604-00x0 from HW10;
specifications of predecessor-HW on request

%) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.wient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications:

Measurement mode 0...20V
Noise (without filtering) Enoise, ptp < 100 ppMggy < 781 digits

Enoise, rms < 18 ppmesy < 141 digits

Max. SNR >94.9dB

Noisedensity@1kHz WV

<255 VHz

Noise (with 50 Hz FIR filter) Enoise, ptp < 10 ppmegy < 78 digits

Enoise, rms < 2.0 ppMesy < 16 digits

Max. SNR > 114.0dB
Common-mode rejection ratio (without filter) DC:>115dB typ. |50 Hz: >705 dB typ. 1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >7115 dB typ. 1 kHz: >115 dB typ.
Larggst short-term deviation during a specified electrical interference |+0.03 % = 300 ppmgeg, typ.
test
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Extended Range Mode (Default): [Defined resolution: 2.56 uV /Step] T
0.2V ov +20V +21.474..V
0 0 +7812500 +8388607
(0x00000000) (0x00000000) (0x00773594)  (OxO07FFFFF)

positive Range

0 value area

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384..uV /Step| i
ov +20V
0 +8388607
(0x00000000) (0X007FFFFF)

positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 113: Representation 0...20 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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3.12.2.14 Measurement IEPE 0...10 V

Measurement mode 0...10V

Measuring range, nominal 0...10V

Measuring range, end value (FSV) 10V

Measuring range, technically usable 0...+10.737 V

PDO resolution (unsigned) 23 bit 15 bit 2
PDO LSB (Extended Range) 1.28 pv 327.68 uv
PDO LSB (Legacy Range) 1.192.. yv 305.18.. pv
Input impedance *Input 1 Differential typ. 2 MQ || 1 nF

(internal resistance) CommonMode typ. 10 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Measurement mode 0...10 vV
Basic accuracy: Measuring deviation at 23°C, with averaging " < +0.0075 % = 75 ppmgg, typ.
< 0.8 mV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < 0.0105 %, < £105 ppmgs, typ.
averaging V® <+1.1mV typ.
Offset/Zero point deviation (at 23°C) V' |Egpeet < 20 ppMesy
Gain/scale/amplification deviation (at Egain < 60 ppm
23°C)"
Non-linearity over the whole measuring |E,;, <40 ppmgsy
range "
ﬁepeatability, over 24 h, with averaging |Ege, < 5 ppMegy
Temperature coefficient ” TCeain < 2 ppm/K typ.
TCofset <1 ppmes/K typ.
<10 pVIK typ.

") Valid for ELM3602-00x0 from HW08, ELM360x-00x2 from HWQ09, ELM3604-00x0 from HW10;
specifications of predecessor-HW on request

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications:

Measurement mode 0..10V
Noise (without filtering) Enoise, Ptp < 100 ppMgsy < 781 digits

Enoise, rRms < 18 ppmesy < 141 digits

Max. SNR >94.9dB

Noisedensity@1kHz WV

<255 VHz

Noise (with 50 Hz FIR filter) Enoise, Ptp < 10 ppMegy < 78 digits

Enoise, rRms < 2.0 ppMesy < 16 digits

Max. SNR > 114.0dB
Common-mode rejection ratio (without filter) DC:>115dB typ. |50 Hz: >705 dB typ. 1 kHz: >80 dB typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC: >115dB typ. |50 Hz: >115 dB typ. 1 kHz: >115 dB typ.
Largest short-term deviation during a specified electrical interference |+0.03 % = 300 ppmggy typ.
test

Frequency response: See data within Measurement IEPE +10 V [P 254]
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Extended Range Mode (Default): [Defined resolution: 1.28 pV /Step| nlln
0.1V ov +10V +10.737..V
0 0 +7812500 +8388607

positive Range

0 value area

(0x00000000) (0x00000000) (0x00773594)  (0OxO07FFFFF)
I

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.1921..uV /Step| T
ov +10V
0 +8388607
(0x00000000) (0X007FFFFF)

positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 114: Representation 0...10 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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3.13 ELM370x

3.13.1 ELM370x-0000, ELM3704-0001, ELM3704-1001 - Introduction

™ ELwrozo000

bt BECKHOFF

Fig. 115: ELM3702-0000, ELM3704-0000, ELM3704-0001, ELM3704-1001

2 and 4 channel multi-functional input, 24 bit, 10 ksps
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The EtherCAT terminals from the ELM3xxx series were developed in order to enable the high-quality
measurement of common electrical signals in the industrial environment. Flexibly usable measurement
devices are especially useful in laboratory and testing technology environments. Therefore the ELM370x
multifunction terminals feature an input circuit that can be set to 68 different measuring ranges with partly
different types of connection technologies, of 2- to 6-wire connection, depending on the type: from voltages
of £60 V to +20 mV, thus supporting thermocouples and IEPE, a current of £20 mA, a resistance
measurement of 5 kQ and thus also temperature RTDs (PT100, etc.), measuring bridges and
potentiometers. Thus, most electrical measuring tasks can be solved with just a single terminal. There is a
choice of different connection types:

» The ELM3704-0001 with its high-quality LEMO connectors is mainly designed for laboratory use,
where sensor configurations are changed on a daily basis, but a stable and reliable plug connection is

nevertheless required.

» The 6-pin version with push-in (ELM3704-0000/ELM3702-0000) on the other hand is ideal for industrial
use where a plug is unplugged less frequently for maintenance purposes and fast wiring is much more

important.

* The ELM3704-1001 is technically equivalent to the ELM3704-0000, but it is only compensated in the
thermocouple measurement and voltage measurement functions. The user can use the remaining
measuring ranges of the ELM3704-0000 (full/half/quarter-bridge, 20 mA, 5 kQ/RTD, IEPE), but they
must then be compensated on the system side depending on the application requirements. In the
ELM3704-1001 with its channel sampling rate of 10 kSps, a high-precision thermocouple measuring
terminal is thus available for fast temperature changes in applications where the ELM3344 and

ELM3348 terminals with 1 kSps per channel are no longer sufficient.

The other ELM3x0x terminals are price-optimized versions of the ELM370x basic class and thus ideal for use
in machines with planned and foreseeable usage scenarios in which the measurement method of an analog
input channel does not need to be changed at runtime. In return, they may have advanced features, like the
ELM360x terminals (IEPE evaluation), which offer a switchable feed.

Optional calibration certificate:

ELM3xxx
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« with factory calibration certificate as ELM370x-0020: on request
+ external calibrated (ISO17025 or DAkks) as ELM370x-0030: on request
* Re-calibration service via the Beckhoff service: on request

Quick-Links

¢ EtherCAT basics
* Mounting and wiring [» 832]
e Commissioning [P 568]

* Connection view [P 568]

* Object description and parameterization [P 668]
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3.13.2

ELM370x - Technical data

Technical data

ELM3702-0000 ELM3704-000x, ELM3704-0020,

ELM3704-1001

Analog inputs

2 channel (differential) 4 channel (differential)

Time relation between channels to each
other

Simultaneous conversion of all channels in the terminal, synchronous conversion between
terminals, if DistributedClocks will be used

ADC conversion method

A% (Delta-Sigma) with internal sample rate

8 Msps 8 Msps
Cutoff frequency input filter hardware Before AD converter:
(see explanations in chapter hardware low pass -3 dB @ 30 kHz
Firmware filter concept) type butterworth 3th order

Within ADC after conversion:

Low pass Low pass

-3dB @ 2.6 kHz, ramp-up time 300 ps -3 dB @ 2.6 kHz, ramp-up time 300 ps

Type sinc3/average filter

The ramp-up time/ settling time/ delay caused by the filtering will be considered within the
DistributedClocks-Timestamp.

Resolution

24 bit (including sign)

Connection technology

2/3/4/5/6-wire

Sampling rate (per channel, simultaneous)

100 ps/10 ksps
Free down sampling by Firmware via decimation factor

Oversampling

1...100 selectable

Supported EtherCAT cycle time
(depending on the operation mode)

DistributedClocks: min. 100 ps, max. 10 ms
FrameTriggered/Synchron: min. 200 ps, max. 100 ms
FreeRun: not yet supported

Internal resistance

> 500 kQ (60 V); > 4 MQ (other) ; 150 Q (current)

Operation range voltage measurement

+60/10/5/2.5/1.25 V,
+640/320/160/80/40/20 mV,
0...5/10V?

2-wire-connection

Operation range current measurement

+20 mA, 0/4...20 mA, NAMUR NE43
2-wire-connection

Full bridge (£2/4/8/32 mV/V) 2,
4/6-wire-connection,
Bridge supply adjustable

Half bridge (+2/16 mV/V) *), internal switched bridge extension,
3/5-wire-connection
Bridge supply adjustable

Operation range SG, |Full bridge
measuring bridge
Half bridge
Quarter bridge

Quarter bridge 120 Q and 350 Q (+2/4/8/32 mV/V) ), internal switched bridge extension,
2/3-wire-connection,

Bridge supply adjustable

Operation range |IEPE

Measuring ranges +2.5/5/10 V * adjustable,

Current supply/ / lexcrre (IEPE Bias Current) 2 mA (shutdown not possible),
Acquisition of the modulated alternating voltage,

AC/DC coupling (configurable parameters of high pass),
2-wire-connection

(note: TEDS Class 1 not supported)

Operation range potentiometer

Potentiometer = 1 kQ, power supply integrated and adjustable 0...5V ¥
3/5-wire-connection

Operation range resistance measurement

0...50Q,0...200 Q, 0...500 Q, 0...2 kQ, 0...5kQ
2/3/4-wire-connection

Operation range temperature (RTD)

Pt100, Pt200, Pt500, Pt1000, Ni100, Ni120, Ni1000, div. KT/KTY ¥
2/3/4-wire-connection

Operation range temperature
(thermocouple)

Typ K, J, L, E, T,N, U, B, R, S, C, cold junction measurement internal/external,
2-wire-connection

Connection diagnosis

Wire break/short cut

Internal analog ground AGND

Existing by external connection to -Uv
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Technical data

ELM3702-0000 ELM3704-000x, ELM3704-0020,

ELM3704-1001

Surge voltage protection of the inputs
related to GND

Value to follow

Internal power supply via E-bus

Current consumption E-bus typ. 530 mA typ. 890 mA
Current consumption power contacts -

Thermal power dissipation typ. 3 W

Dielectric strength - destruction limit

Max. permitted short-term/continuous voltage between each contact points #I1, 12, +Uv
and —Uv: non-supplied +40 V, supplied +36 V

Note: -Uv corresponds to internal AGND

Recommended operation voltage range to
compliance with specification

Max. permitted voltage during specified normal operation between +I1 and +12: typ.
+35 V against —Uv within 60 V-measuring range

+10 V against —Uv in all other measurement ranges

Note: -Uv corresponds to internal AGND

Common data

ELM3702-0000 ELM3704-000x, ELM3704-0020,

ELM3704-1001

Distributed Clocks

Yes, with Oversampling n = 1...100, accuracy << 1 ys

Special features

Extended Range 107 %, freely configurable numeric filters, TrueRMS, integrator/
differentiator, non-linear scaling, PeakHold

Functional diagnosis

Yes

Electrical isolation channel/channel 2

no

Electrical isolation channel/E-Bus ?

Functional insulation, 707 V DC (type test)

Electrical isolation channel/SGND 2

Functional insulation, 707 V DC (type test)

Configuration

via the EtherCAT Master, e.g. TwinCAT

Note to cable length

Signal cable lengths to the sensor / encoder over 3 m must be shielded, the shield design
must be in line with the state of the art and be effective. For larger cable lengths > 30 m, a
suitable surge protection should be provided if appropriate interference could affect the
signal cable.

') see chapters Self-test and self-test report and Connection test/switchable connection diagnosis

2) see notes to potential groups within chapter Power supply, potential groups [ 853]

%) Not adjusted for ELM3704-1001 (except thermocouple and bipolar measurement ranges of voltage and

IEPE)

Basic mechanical properties

ELM3702-0000 ELM3704-000x, ELM3704-0020,

ELM3704-1001

Connection type

ELM3704-0000,
ELM3704-0020,
ELM3704-1001:
6-pin push-in cage clamp, service plug
ELM3704-0001:
8-pin LEMO 1B

6-pin push-in cage clamp, service plug

Dimensions (W x H x D)

See chapter Housing [P 830

Mounting

on 35 mm rail conforms to EN 60715

Note Mounting

Plug partly not within scope of delivery, see chapter

Notes on connection technology [» 834

Weight Approx. 350 g
Permissible ambient temperature range  |0...+55 °C
during operation

Permissible ambient temperature range  |-25...+85 °C

during storage

Environmental data

ELM3702-0000 ELM3704-000x, ELM3704-0020,

ELM3704-1001

Permissible operating altitude range

0 up to 2000 m (derating at higher altitudes on request)

Relative humidity

max. 95%, no condensation

Protection class

IP 20

Normative data

ELM3702-0000 ELM3704-000x, ELM3704-0020,

ELM3704-1001

Vibration-/shock resistance

Conforms to EN 60068-2-6 / EN 60068-2-27
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lead to measurement deviations up to +FSV.

Normative data ELM3702-0000 ELM3704-000x, ELM3704-0020,
ELM3704-1001

EMC-resistance / emission Conforms to EN 61000-6-2 / EN 61000-6-4

Approvals/ markings * CE, UKCA, EAC, cULus [»_890]

EMC notes In case of push-in and mini-TC connectors, ESD air discharges conforming to EN

61000-6-4 into the connectors or to the lines connected there can lead to measurement
deviations up to £FSV within the respective channel or to other channels by crosstalk.

Peak voltages (surge) conforming to EN 61000-6-2 that are applied to the cable shield can

*) Real applicable approvals/markings see type plate on the side (product marking).

NOTICE

Extended Range mode not available
The Extended Range mode is not available for RTD measurement.

in the background.

possible as long RTD measurement range is selected.

» Until FWO07: Object 0x8000:2E (Scaler) will be ignored by this setting. The “Legacy Range Mode” applies

« Since FWO08: Object 0x8000:2E (Scaler) will then be set to the “Legacy Range Mode”. A change is not

ELM3xxx Version: 2.18
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3.13.21 ELM370x overview measurement ranges
Measurement Connection FSV Mode Maximum value/ value range |Adjustment for
ELM3704-1001 = X
Voltage 2 wire 60 V Extended 164.414..V X
Legacy 160 V
10V Extended +10.737.. V X
Legacy 10V
BV Extended +5.368.. V X
Legacy BV
25V Extended 12.684..V X
Legacy 25V
+1.25V Extended +1.342..V X
Legacy +1.25V
640 mV Extended +687.2.. mV X
Legacy 1640 mV
+320 mV Extended 1343.6.. mV X
Legacy +320 mV
+160 mV Extended +171.8.. mV X
Legacy +160 mV
+80 mV Extended +85.9.. mV X
Legacy +80 mV
+40 mV Extended +42.95.. mV X
Legacy +40 mV
20 mV Extended +21.474.. mV X
Legacy +20 mV
Voltage 2 wire +10V Extended 0...10.737..V
Legacy 0...10V
+5V Extended 0...5.368.. V
Legacy 0..5V
Current 2 wire +20 mA Extended +21.474.. mA
(-20...20 mA) Legacy +20 mA
+20 mA Extended 0...21.474.. mA
(0...20 mA) Legacy 0...20 mA
+20 mA Extended 0...21.179 mA
(4...20 mA) Legacy 4..20 mA
+20 mA Extended 3.6...21T mA
(4..20 mA Legacy 4..20 mA
NAMUR)
Resistance 2/3/4 wire 5kQ Extended 00Q...5.368 kQ
Legacy 0...5kQ
2kQ Extended 00Q...2.147 kQ
Legacy 0...2kQ
500 Q Extended 00Q...536.8 Q
Legacy 0...500 Q
200 Q Extended 00Q...214.7Q
Legacy 0...200 Q
50 Q Extended 00Q...53.68 Q
Legacy 0...50 Q
Potentiometer 3/5 wire +1 VIV Extended +1 VIV
Legacy
Full bridge 4/6 wire +32 mV/V Extended 1+34.359.. mV/V
Legacy +32 mV/V
+4 mV/V Extended +4.2949.. mV/V
Legacy +4 mVIV
+2 mV/V Extended +2.1474.. mVIV
Legacy +2 mVIV
Half bridge 3/5 wire +16 mV/V Extended +17.179.. mV/V
Legacy +16 mV/V
2 mVIV Extended 12.1474.. mVIV
286 Version: 2.18 ELM3xxx
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Range Error

negative Range

positive Range

Measurement Connection FSV Mode Maximum value/ value range |Adjustment for
ELM3704-1001 = X
Legacy 2 mVIV
Quarter bridge 2/3 wire 32 mV/V Extended 1+34.359.. mV/V
120/350/1000 Q Legacy +32 mV/V
+8 mV/V Extended +8.5899.. mV/V
Legacy +8 mV/V
4 mV/V Extended +4.2949.. mV/V
Legacy +4 mVIV
2 mVIV Extended 12.1474.. mVIV
Legacy 2 mVIV
Voltage (IEPE) 2 wire 10V Extended +10.737..V X
Legacy 10V
5V Extended +5.368.. V X
Legacy BV
25V Extended 12.684..V X
Legacy 25V
+20V Extended 0...21.474..V
Legacy 0...20V
+10V Extended 0...10.737..V
Legacy 0...10V
Temperature 2 wire +80 mV Legacy Depending on type up to X
thermocouple (TC) 2320°C
Temperature RTD 2/3/4 wire 5kQ Legacy Depending on type up to
2kQ 300°C
500 Q
200 Q
50 Q
Extended Range Mode (Default): [Defined resolution: FSV/7812500] o
-Limit -FSV 0 Value +FSV +Limit
-8388608 -7812500 0 +7812500 +8388607
(OXFF800000)  (OxFF88CA6C) (0x00000000)

(0x00773594)  (0x007FFFFF)
1

Range Error

Limit (2

Limit (2

Underrange Area ( Overrange Area (

Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: FSV/8388607 nhn
-FSV 0 Value +FSV
-8388608 0 +8388607
(0xFF800000) (0x00000000) (OX007FFFFF)

negative Range positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (+

Nominal / Technical Range

FSV = full scale value

Fig. 116: Overview measurement ranges, Bipolar
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Extended Range Mode (Default): [Defined resolution: FSV/7812500] i
-1% FSV (] +FSV +Limit
0 0 +7812500 +8388607
(0x00000000) (0x00000000) " (0x00773594)  (Ox007FFFFF)
positive Range
Range Error 0 value area | Range Error
Limit (2

Limit (2

Underrange Area (1 Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional):

[Calculated resolution: FSV/8388607]

0 +FSV
0 +8388607
(0x00000000) itive R (0x007FFFFF)
Range Error positive Range Range Error
Limit (2 Limit (2
Underrange Overrange
Hee Nominal / Technical Range et

FSV = full scale value

Fig. 117: Overview measurement ranges, Unipolar

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2 Measurement 5V/ 10V/ £20 mV..260 V

3.13.2.2.1 Measurement 60 V

Measurement mode 60 V

Measuring range, nominal -60...+60 V

Measuring range, end value (FSV) 60 V

Measuring range, technically usable -64.414...+64.414 V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 7.68 pv 1.966 mV
PDO LSB (Legacy Range) 7.152.. yv 1.831.. mV
Input impedance zInput 1 Differential typ. approx. 485 kQ || 11 nF
(internal resistance) CommonMode typ. approx. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview" [» 568]

Specific data
Measurement mode 60 V
Basic accuracy: Measuring deviation at 23°C, with averaging < £0.03 %, < £300 ppmggy typ.
<+18 mV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < +0.04 %, < +400 ppmgs, typ.
averaging © < £24 mV typ.
Offset/Zero point deviation (at 23°C) Eoftset < 20 ppmegy
Gain/scale/amplification deviation (at 23°C) Egain <100 ppm
Non-linearity over the whole measuring range |E;, < 280 ppmgsy
Repeatability, over 24 h, with averaging Erep < 10.0 ppmegy
Temperature coefficient TCsain < 8 ppm/K typ.
TCoftset < 2.0 ppmgsy/K typ.
<120 pV/K typ.
Noise (without filtering) Enoise, ptp <75 ppmegy < 586 digits <4.50 mV
Enoise, Rus <13 ppMesy < 98 digits <0.75mV
Max. SNR >98.1dB
Noisedensity@1kHz WV
<10.61 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <12 ppmegy < 94 digits <0.72 mV
Enoise, Rus < 2.0 ppmgsy < 16 digits <012 mV
Max. SNR >114.0dB
Common-mode rejection ratio (without filter) DC: >tbd. dB typ. |50 Hz: >tbd. dB typ. |1 kHz: >tbd. dB
typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC: >tbd. dB typ. 50 Hz: >tbd. dB typ. |1 kHz: >tbd. dB
typ.

test

Largest short-term deviation during a specified electrical interference

+ tbd. % = tbd. ppmegy typ.

®) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3xxx

Version: 2.18
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Extended Range Mode (Default): [Defined resolution: 7.68 uV /Step| T
-64.414..V -60V ov +60V +64.414..V
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 7.152.. pV /Step i
-60 V ov +60V
-8388608 0 +8388607
(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 118: Representation £60 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2.2 Measurement £10 V, 0...10 V

Measurement mode 0V 0...10V

Measuring range, nominal -10...+10 V 0...10V

Measuring range, end value (FSV) 10V

Measuring range, technically usable -10.737...+10.737 V 0...10.737 V

PDO resolution (including sign) 24 bit 16 bit ? 24 bit 16 bit ?
PDO LSB (Extended Range) 1.28 pVv 327.68 pv 1.28 pVv 327.68 pVv
PDO LSB (Legacy Range) 1.192.. pv 305.18.. pv 1.192.. pv 305.18.. uv
Input impedance *Input 1 Differential typ. 4.12 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut

off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data (not valid for ELM3704-1001 within measuring range 0...10 V)

Measurement mode *0V,0...10V

Data prelimi-
nary = X

< +0.50 mV typ.

Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.005 %, < +50 ppmgs, typ.

Extended basic accuracy: Measuring deviation at 0...55°C,

. H 3)6)
with averaging <0.90 mV typ.

< +0.009 %, < £90 ppmgsy typ.

Offset/Zero point deviation (at  |Egjee <15 ppmegy
23°C) ¥

Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥

Non-linearity over the whole Ein < 25 ppmegy
measuring range ¥

Repeatability, over 24 h, with  |Ege, < 2.5 ppMegy
averaging

Temperature coefficient ¥ TCsain < 2 ppm/K typ.

TCofet < 1.0 ppmesy/K typ.
<10 pV/K typ.
Noise (without filtering) Enoise, ptp <70 ppm gy < 547 digits <0.70 mV
Enoise, Ris <12 ppm g5y < 94 digits <0.12mV
Max. SNR >98.4dB
Noisedensity@1kHz WV
<1.70 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <12 ppm gy < 94 digits <120.00 pv
Enoise, RS < 2.0 ppm gy < 16 digits < 20.00 pv
Max. SNR >114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X

typ. typ.

Largest short-term deviation during a specified electrical
interference test

+0.03% = 300 ppm sy typ.

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20

mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Extended Range Mode (Default): [Defined resolution: 1.28 puV /Step)|
-10.737..V -10Vv ov +10V +10.737..V
-8388608 -7812500 0 +7812500 +8388607

positive Range

negative Range
Range Error | g g

Limit (2

(OXFF800000)  (OXFF88CAGC) (0x00000000) (0x00773594)  (0xO07FFFFF)
I

Range Error
Limit (2

Underrange Area (*

Nominal Range Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.192.. pV /Step)
-10V ov +10V
-8388608 0 +8388607
(0xFF800000) (0x00000000) (OXO07FFFFF)

negative Range positive Range

Range Error
Limit (2

Underrange
Limit (*

Nominal / Technical Range

Range Error
Limit (2

Overrange

Fig. 119: Representation £10 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Extended Range Mode (Default): [Defined resolution: 1.28 uV /Step] T
0.1V ov +10V +10.737..V
0 0 +7812500 +8388607

(0x00000000) (0x00000000) . (0x00773594)  (0OxO07FFFFF)
positive Range |

Range Error 0 value area

Limit (2

Range Error
Limit (2

Underrange Area (1 Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1.1921..uV /Step| T
ov +10V
0 +8388607
(0x00000000) (0X007FFFFF)

Range Error positive Range

Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 120: Representation 0...10 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal

fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred

to above can be set even higher.
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3.13.2.2.3 Measurement 5V, 0..5V

Measurement mode BV 0..5V

Measuring range, nominal -5...45V 0..5V

Measuring range, end value (FSV) 5V

Measuring range, technically usable -5.368...+5.368 V 0...5.368 V

PDO resolution (including sign) 24 bit 16 bit ? 24 bit 16 bit ?
PDO LSB (Extended Range) 640 nV 163.84 pv 640 nV 163.84 pVv
PDO LSB (Legacy Range) 596.. nV 152.59.. yv 596.. nV 152.59.. yv
Input impedance *Input 1 Differential typ. 4.12 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data (not valid for ELM3704-1001 within measuring range 0...5 V)

Measurement mode ¥5V,0..5V Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.005 %, < +50 ppmgs, typ.
< +0.25 mV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.009 %, < £90 ppmgsy typ.
with averaging ¥© < +0.45 mV typ.
Offset/Zero point deviation (at  |Egjee <15 ppmegy
23°C)?
Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 25 ppmegy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 2.5 ppMegy
averaging
Temperature coefficient ¥ TCsain < 2 ppm/K typ.
TCofet < 1.0 ppmesy/K typ.
< 5 pV/K typ.
Noise (without filtering) Enoise, ptp <70 ppm gy < 547 digits <0.35 mV
Enoise, Ris <12 ppm g5y < 94 digits < 60.00 pv
Max. SNR >98.4 dB
Noisedensity@1kHz WV
<0.85 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <12 ppm gy < 94 digits <60.00 pv
Enoise, RS < 2.0 ppm gy < 16 digits <10.00 pv
Max. SNR >114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical +0.03% = 300 ppm sy typ. X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Extended Range Mode (Default): [Defined resolution: 640 nV /Step) T
-5.368..V -5V ov +5V +5.368..V
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) - (OxFF8BCAGC) : (0x00000000) N (0x00773594)  (OxQ07FFFFF)
Range Error | negative Range positive Range |

Range Error
Limit (2

Limit (2

Underrange Area (1

Nominal Range

Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 596.. nV /Step)| O
-5V ov +5V
-8388608 0 +8388607
(OXFF800000) (0x00000000) (0X007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (2

Nominal / Technical Range

Fig. 121: Representation £5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

Extended Range Mode (Default): [Defined resolution: 640 nV /Step| il
-0.05V oV +5V 5.368..V
0 0 +7812500 +8388607
(0x00000000) (0x00000000) (0x00773594)  (0xO07FFFFF)

0 value area positive Range

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (* Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 596.05.. nV /Step| T
ov +5V
0 +8388607
(0x00000000) (0x007FFFFF)

Range Error positive Range

Limit (2

Range Error
Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 122: Representation 0...5 V measurement range

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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3.13.2.24 Measurement 2.5V

Measurement mode 2.5V

Measuring range, nominal -25..425V

Measuring range, end value (FSV) 25V

Measuring range, technically usable -2.684...+2.684 V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 320 nVv 81.92 pyv
PDO LSB (Legacy Range) 298.. nV 76.29.. pv
Input impedance *Input 1 Differential typ. 4.12 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode 2.5V Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.005 %, < +50 ppmgs, typ.
<+0.13 mV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.009 %, < £90 ppmgsy typ.
with averaging ¥© < +0.23 mV typ.
Offset/Zero point deviation (at  |Egjee <15 ppmegy
23°C) ¥
Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 25 ppmegy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 2.5 ppMegy
averaging
Temperature coefficient ¥ TCsain < 2 ppm/K typ.
TCofset < 1.0 ppmesy/K typ.
< 2.50 pV/K typ.
Noise (without filtering) Enoise, ptp <70 ppm gy < 547 digits <0.18 mV
Enoise, Ris <12 ppm g5y < 94 digits < 30.00 pv
Max. SNR >98.4dB
Noisedensity@1kHz WV
<0.42 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <12 ppm psy < 94 digits < 30.00 pv
Enoise, RS < 2.0 ppm gy < 16 digits <5.00 pv
Max. SNR >114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical +0.03% = 300 ppm sy typ. X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Extended Range Mode (Default): [Defined resolution: 320 nV /Step) T
-2.684..V -2.5V ov +2.5V +2.684..V
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 298.. nV /Step) i
-2.5V ov +25V
-8388608 0 +8388607
(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 123: Representation £2.5 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.

296 Version: 2.18 ELM3xxx



BEGKHOFF Product overview

3.13.2.2.5 Measurement £1.25V

Measurement mode .25V

Measuring range, nominal -1.25..41.25V

Measuring range, end value (FSV) 1.25V

Measuring range, technically usable -1.342...+1.342V

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 160 nV 40.96 pv
PDO LSB (Legacy Range) 149.. nV 38.14.. pv
Input impedance *Input 1 Differential typ. 4.12 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode *1.25V Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.005 %, < +50 ppmgs, typ.
< #62.5 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.009 %, < £90 ppmgsy typ.
with averaging ¥© < 0.1 mV typ.
Offset/Zero point deviation (at  |Egjee <15 ppmegy
23°C) ¥
Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 25 ppmegy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 5.0 ppmegy
averaging
Temperature coefficient ¥ TCsain < 2 ppm/K typ.
TCofset < 1.0 ppmesy/K typ.
<1.25 pV/K typ.
Noise (without filtering) Enoise, ptp <70 ppm gy < 547 digits < 87.50 uv
Enoise, Ris <12 ppm g5y < 94 digits <15.00 pv
Max. SNR >98.4dB
Noisedensity@1kHz WV
<021 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <12 ppm psy < 94 digits <15.00 pv
Enoise, RS < 2.0 ppm gy < 16 digits <2.50 pv
Max. SNR >114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical +0.03% = 300 ppm sy typ. X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Fig. 124: Representation £1.25 V measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2.6 Measurement £640 mV

Measurement mode 640 mV

Measuring range, nominal -640...+640 mV

Measuring range, end value (FSV) 640 mV

Measuring range, technically usable -687.2...+687.2 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 81.92 nV 20.97152 pv
PDO LSB (Legacy Range) 76.29.. nV 19.53.. pv
Input impedance *Input 1 Differential typ. 4.12 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode +640 mV Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.005 %, < +50 ppmgs, typ.
<£32.0 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.0095 %, < 95 ppmeg, typ.
with averaging ¥ < +60.8 pV typ.
Offset/Zero point deviation (at  |Egjee < 20 ppmegy
23°C) ¥
Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 25 ppmegy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 5.0 ppmegy
averaging
Temperature coefficient ¥ TCsain < 2 ppm/K typ.
TCofset < 1.5 ppmeg,/K typ.
< 0.96 pV/K typ.
Noise (without filtering) Enoise, ptp <70 ppm gy < 547 digits <44.80 pv
Enoise, s <12 ppm gy < 94 digits <7.68 pv
Max. SNR >98.4 dB
Noisedensity@1kHz WV
<0.11 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <12 ppm psy < 94 digits <7.68 pv
Enoise, RS < 2.0 ppm gy < 16 digits <1.28 pv
Max. SNR >114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical +0.03% = 300 ppm sy typ. X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Extended Range Mode (Default): [Defined resolution: 81.92 nV /Step) T
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Fig. 125: Representation £640 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2.7 Measurement £320 mV

Measurement mode +320 mV

Measuring range, nominal -320...+320 mV

Measuring range, end value (FSV) 320 mV

Measuring range, technically usable -343.6...+343.6 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 40.96 nV 10.48576 uVv
PDO LSB (Legacy Range) 38.14..nV 9.765.. pv
Input impedance *Input 1 Differential typ. 4.12 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode *320 mV Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.0065 %, < +65 ppmgsgy typ.
< +20.8 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.0115 %, < £115 ppmgsy typ.
with averaging ¥ < +36.8 PV typ.
Offset/Zero point deviation (at  |Egjee < 40 ppMmegy
23°C) ¥
Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 30 ppMmegy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 5.0 ppmegy
averaging
Temperature coefficient ¥ TCsain < 2 ppm/K typ.
TCofset < 2.0 ppmgs,/K typ.
< 0.64 pV/K typ.
Noise (without filtering) Enoise, ptp <70 ppm gy < 547 digits <2240 pv
Enoise, s <12 ppm gy < 94 digits <3.84 pv
Max. SNR >98.4 dB
Noisedensity@1kHz WV
<0.05 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <12 ppm psy < 94 digits <3.84 pv
Enoise, RS < 2.0 ppm gy < 16 digits <0.64 pv
Max. SNR >114.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical +0.03% = 300 ppm sy typ. X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Extended Range Mode (Default): [Defined resolution: 40.96 nV /Step) T
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Fig. 126: Representation £320 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2.8 Measurement £160 mV

Measurement mode +160 mV

Measuring range, nominal -160...+160 mV

Measuring range, end value (FSV) 160 mV

Measuring range, technically usable -171.8...+171.8 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 20.48 nV 5.24288 pVv
PDO LSB (Legacy Range) 19.07.. nV 4.882.. v
Input impedance *Input 1 Differential typ. 4.12 MQ || 11 nF

(internal resistance) CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode +160 mV Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.0085 %, < +85 ppmgsy typ.
<+13.6 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.0155 %, < £155 ppmgg, typ.
with averaging ¥ < +24.8 uV typ.
Offset/Zero point deviation (at  |Egjee < 65 ppmegy
23°C)?
Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 35 ppmegy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 5.0 ppmegy
averaging
Temperature coefficient ¥ TCsain < 2 ppm/K typ.
TCofset < 3.5 ppmes,/K typ.
< 0.56 pV/K typ.
Noise (without filtering) Enoise, ptp <90 ppm gy < 703 digits <14.40 pv
Enoise, Ris <15 ppm g5y <117 digits <240 pVv
Max. SNR >96.5dB
Noisedensity@1kHz WV
<0.03 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp <18 ppm gy < 141 digits <2.88 pv
Enoise, Rms < 3.0 ppm sy < 23 digits <0.48 pVv
Max. SNR >110.5dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical +0.03% = 300 ppm sy typ. X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Fig. 127: Representation £160 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2.9 Measurement £80 mV

Measurement mode +80 mV
Measuring range, nominal -80...+80 mV
Measuring range, end value (FSV) 80 mV

Measuring range, technically usable

-85.9...+85.9 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 10.24 nV 2.62144 yv
PDO LSB (Legacy Range) 9.536.. nV 2.441.. pv

Input impedance tInput 1

(internal resistance)

Differential typ. 4.12 MQ || 11 nF
CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode 80 mV Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.011 %, < 110 ppmggy typ.
< +8.8 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.0205 %, < 205 ppmgs, typ.
with averaging ¥ <+16.4 uV typ.
Offset/Zero point deviation (at  |Egjee < 95 ppmegy
23°C)?
Gain/scale/amplification Egain <40 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 40 ppMmegy
measuring range ¥
Repeatability, over 24 h, with Egrep < 7.5 ppMmesy
averaging
Temperature coefficient ¥ TCsain < 2 ppm/K typ.
TCofset < 5.0 ppmesy/K typ.
< 0.40 pV/K typ.
Noise (without filtering) Enoise, ptp <150 ppm gy <1172 digits <12.00 pv
Enoise, Ris < 25 ppm g5y <195 digits <2.00 pv
Max. SNR >92.0dB
Noisedensity@1kHz WV
<0.03 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < 24 ppm gy < 188 digits <1.92 pv
Enoise, RS < 4.0 ppm gy < 31 digits <0.32 pv
Max. SNR > 108.0 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical +0.03% = 300 ppm sy typ. X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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Extended Range Mode (Default): [Defined resolution: 10.24 nV /Step) T
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Fig. 128: Representation £80 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2.10 Measurement £40 mV

Measurement mode +40 mV
Measuring range, nominal -40...+40 mV
Measuring range, end value (FSV) 40 mV

Measuring range, technically usable

-42.95...+42.95 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 5.12nV 1.31072 pv
PDO LSB (Legacy Range) 4.768.. nV 1.220.. pv

Input impedance tInput 1

(internal resistance)

Differential typ. 4.12 MQ || 11 nF
CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode 40 mV Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.0205 %, < +205 ppmg, typ.
< 8.2 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.0395 %, < +395 ppmgg, typ.
with averaging ¥ <+15.8 pV typ.
Offset/Zero point deviation (at  |Egjee <190 ppmesy
23°C)?
Gain/scale/amplification Egain <50 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein < 60 ppmegy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 10.0 ppmggy
averaging
Temperature coefficient ¥ TCsain 3 ppm/K typ.
TCofset 10.0 ppmes,/K typ.
< 0.40 pV/K typ.
Noise (without filtering) Enoise, ptp < 270 ppm gy < 2109 digits <10.80 pv
Enoise, Ris <45 ppm g5y < 352 digits <1.80 pv
Max. SNR > 86.9 dB
Noisedensity@1kHz WV
<0.03 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < 48 ppm gy < 375 digits <1.92 pv
Enoise, Rms < 8.0 ppm sy < 63 digits <0.32 pv
Max. SNR >101.9dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical Value to follow X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/

measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature
range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.
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negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 129: Representation £40 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.2.11 Measurement £20 mV

Measurement mode +20 mV
Measuring range, nominal -20...+20 mV
Measuring range, end value (FSV) 20 mV

Measuring range, technically usable

-21.474...421.474 mV

PDO resolution (including sign) 24 bit 16 bit 2
PDO LSB (Extended Range) 2.56 nV 655.36 nV
PDO LSB (Legacy Range) 2.384..nV 610.37.. nV

Input impedance tInput 1

(internal resistance)

Differential typ. 4.12 MQ || 11 nF
CommonMode typ. 40 nF against SGND

2) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ "Process data overview” [» 568]

Specific data
Measurement mode 20 mV Data prelimi-
nary = X
Basic accuracy: Measuring deviation at 23°C, with averaging ¥ |< £0.04 %, < +400 ppmgs, typ.
< 8.0 pV typ.
Extended basic accuracy: Measuring deviation at 0...55°C, < +0.077 %, < £770 ppmegy typ.
with averaging ¥ <+15.4 pV typ.
Offset/Zero point deviation (at  |Egjee < 380 ppmesy
23°C)?
Gain/scale/amplification Egain < 60 ppm
deviation (at 23°C) ¥
Non-linearity over the whole Ein <100 ppmegsy
measuring range ¥
Repeatability, over 24 h, with  |Ege, < 25.0 ppmegy
averaging
Temperature coefficient ¥ TCsain < 4 ppm/K typ.
TCofset <20.0 ppmes,/K typ.
< 0.40 pV/K typ.
Noise (without filtering) Enoise, ptp < 540 ppm gy < 4219 digits <10.80 pv
Enoise, Ris <90 ppm sy < 703 digits <1.80 pv
Max. SNR > 80.9dB
Noisedensity@1kHz WV
<0.03 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < 80 ppm rgy < 625 digits <1.60 pv
Enoise, RS <13.0 ppm g5y < 102 digits <0.26 pv
Max. SNR >97.7 dB
Common-mode rejection ratio (without filter) DC: >115dB typ. |50 Hz: >105 dB |1 kHz: >80 dB X
typ. typ.
Common-mode rejection ratio (with 50 Hz FIR filter) DC:>115dB typ. |50 Hz: >115dB |1 kHz: >115dB |X
typ. typ.
Largest short-term deviation during a specified electrical Value to follow X
interference test

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5 V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

ELM3xxx

Version: 2.18

309



Product overview BEGKHOFF

Extended Range Mode (Default): |Defined resolution: 2.56 nV /Step| T
-21.474.. mV -20 mV ov +20 mV +21.474.. mV
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000) (OxFF88CA6C) . (0x00000000)
I negative Range

positive Range

(0x00773594)  (0x007FFFFF)
1

Range Error Range Error
Limit (2

Limit (2

Overrange Area (!

Underrange Area (* Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384.. nV /Step| i
-20 mV ov +20 mV
-8388608 0 +8388607

(OxFF800000) (0x00000000) (0x007FFFFF)

negative Range positive Range

Range Error

Range Error
Limit (2

Limit (2

Overrange

Underrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 130: Representation £20 mV measurement range

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.3 Measurement +20 mA/ 0..20 mA/ 4..20 mA/NAMUR

3.13.2.31 Measurement £20 mA, 0...20 mA, 4...20 mA, NE43

Measurement mode 20 mA 0...20 mA 4...20 mA 3.6...21 mA
(NAMUR NE43)

Measuring range, nominal |-20...+20 mA 0...20 mA 4...20 mA 4..20mA

Measuring range, end 20 mA

value (FSV)

Measuring range, -21.474...+21.474 mA, 0...21.474 mA, 0...21.179 mA, 3.6...21 mA,

technically usable

overcurrent-protected

overcurrent-protected

overcurrent-protected

overcurrent-protected

Fuse protection

Internal overload limiting, continuous current resistant

related to —Uv (internal ground)

PDO resolution 24 bit 16 bit? |24 bit 16 bit ? 24 bit 16 bit ? 24 bit 16 bit ?
(including sign)
PDO LSB (Extended 2.56 nA 655.36 nA |2.56 655.36 nNA  2.048 524.288 2.048 524.288
Range) nA nA nA nA nA
PDO LSB (Legacy Range) [2.384.. nA 610.37.. |2.384.. 610.37.. nA |1.907.. 488.29.. n.a.

nA nA nA nA
Common-mode voltage U, imax. +10V

Input impedance *Input 1

(internal resistance)

Differential typ. approx. 150 Q || 11 nF

CommonMode typ. approx. 40 nF against SGND

) The analog measurement is always done with 24 bits, in 16-bit mode the eight least significant bits are cut
off. For further information see chapter “Commissioning”/ “"Process data overview" [P 568]

Specific data (not valid for ELM3704-10x1):

Measurement mode

120 mA, 0...20 mA, 4...20 mA, NE43

Basic accuracy: Measuring deviation at 23°C, with averaging ¥ <+ 0.008 %, < + 80 ppmegy typ.
< +1.6 PA typ.
Extended basic accuracy: Measuring deviation at 0...55°C, with < +0.0135 %, < £135 ppmgsy typ.
averaging ¥° <+2.7 pAtyp.
Offset/Zero point deviation (at 23°C) Eoiset < 25 ppMegy
Gain/scale/amplification deviation (at 23°C) ¥  |Eg,in < 60 ppm
g\)lon-linearity over the whole measuring range |E;, < 45 ppmegy
Repeatability, over 24 h, with averaging Erep <10 ppMesy
Temperature coefficient ¥ TCqain < 3 ppm/K typ.
TCoftset < 1.5 ppmes,/K typ.
< 0.03 nA/K typ.

%) Valid for ELM3702-00x0 and ELM3704-00x0 from HWO01; Valid for ELM3704-10x1 from HW01 except 20
mA, 0-5V and 0-10 V measuring ranges. Specifications of predecessor-HW on request.

®) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty" [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.uient)- IN real use, for example at a relatively constant ambient temperature T, pient, @
lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Preliminary specifications (not valid for ELM3704-10x1):

Measurement mode +20 mA, 0...20 mA, 4...20 mA, NE43
Noise (without filtering) Enoise, e < 100 ppMegy < 781 [digits]
Enoise, rRuis < 18 ppMesy < 141 [digits]
Max. SNR >94.9 dB
Noisedensity@1kHz
nA
<5.09 VHz
Noise (with 50 Hz FIR filter) Enoise, ptp < 10 ppMmisy ‘< 78 [digits]
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Measurement mode +20 mA, 0...20 mA, 4...20 mA, NE43
Enoie, uis < 2.0 ppms, < 16 [digits]
Max. SNR > 114.0 dB
Common-mode rejection ratio (without filter) DC: 50 Hz: 1 kHz:
< 3 nA/V typ. < 5 nA/V typ. < 80 nA/V typ.
Common-mode rejection ratio (with 50 Hz FIR filter) |DC: 50 Hz: 1 kHz:
< 3 nA/V typ. < 3 nA/V typ. < 3 nA/V typ.
Largest short-term deviation during a specified Value to follow [ppm] typ. (FSV)
electrical interference test

Current measurement range *20 mA

Extended Range Mode (Default): [Defined resolution: 2.56 nA /Step| i
-21.474.. mA -20 mA 0mA +20 mA +21.474.. mA
-8388608 -7812500 0 +7812500 +8388607

(0xFF800000)  (OxFF8BCAGC) : (0x00000000) N (0x00773594)  (OxQ07FFFFF)
Range Error | negative Range positive Range |

Limit (2

Range Error
Limit (2

Underrange Area (% Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384.. nA /Step)| T
-20 mA 0OmA +20 mA
-8388608 0 +8388607

(OXFF800000) (0x00000000) (OX007FFFFF)

negative Range

positive Range

Range Error Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (2

Nominal / Technical Range

Fig. 131: Representation current measurement range £20 mA

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning

when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range

is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.
In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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Current measurement range 0...20 mA

Extended Range Mode (Default): |Defined resolution: 2.56 nA /Step] T
-0.2 mA oV +20 mA +21.474.. mA
0 0 +7812500 +8388607

(0x00000000) (0x00000000) . (0x00773594)  (0x007FFFFF)
Range Error 0 value area positive Range |

Limit (2

Range Error
Limit (2

Underrange Area (* Nominal Range Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 2.384..nA /Step| T
ov +20 mA
0 +8388607
(0x00000000) (OX007FFFFF)

Range Error positive Range

Range Error
Limit (2

Limit (2

Underrange
Limit (*

Overrange
Limit (*

Nominal / Technical Range

Fig. 132: Representation current measurement range 0...20 mA

Current measurement range 4...20 mA

Extended Range Mode (Default): [Defined resolution: 2.048 nA /Step| i
OmA +3.8mA +4 mA +20 mA +21.179.. mA
-195312 -97656 0 +7812500 +8388607

(0xFFFE8288) (0x00000000) (0x00773594)  (0x007FFFFF)
| ] positive Range
Range Error

Range Error
Limit (2

Limit (2

Underrange Area (*

Nominal Range Overrange Area (1

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 1,907.. nA /Step) T
+4 mA +20 mA
0 +8388607
(0x00000000) (0X007FFFFF)

Range Error positive Range

Range Error
Limit (2

Limit (2

Overrange
Limit (*

Nominal / Technical Range

Fig. 133: Representation current measurement range 4...20 mA

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.
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Current measuring range 3.6...21 mA (NAMUR)

Extended Range Mode (Default): [Defined resolution: 2.048 nA /Step] o
= Legacy Range Mode (Optional):

3.6 mA 3.8..mA 4 mA 20mA 20.5 mA 21 mA
-97656 0 +7812500 +8056641
(OXFFFES288) (0x00000000) (0x00773594) (0x007AEF41)
Range Error - I p05|t|ve Range I Range Error
Limit (2 Limit (2
Underrange Overrange
Limit (*

Limit (* .
Nominal Range

Technical Range

1 Underrange/Overrange Limit/Area: bits are set when measurement value exceeds 21 mA or falls below 3.6 mA (failure information level)

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Fig. 134: Chart: current measuring range 3.6...21 mA (NAMUR)

i

Only Extended Range mode for measuring range 4 mA NAMUR

Legacy Range mode is not available for this measurement range. The Extended Range Mode will
be set automatically and although a corresponding write access to the CoE Object 0x8000:2E

(Scaler) is not declined, the parameter is not changed.
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3.13.24 Measurement resistance

Note on measuring resistances or resistance ratios

With 2-wire measurement, the line resistance of the sensor supply lines influences the measured value. If a
reduction of this systematic error component is desirable for 2-wire measurements, the resistance of the
supply line to the measuring resistance should be taken into account, in which case the resistance of the
supply line has to be determined first.

Taking into account the uncertainty associated with this supply line resistance, it can then be included
statically in the calculation, in the EL3751 via 0x8000:13 [» 577] and in the ELM350x/ ELM370x via 0x80n0:13

[».577].
Any change in resistance of the supply line due to ageing, for example, is not taken into account

automatically. Just the temperature dependency of copper lines with approx. 4000 ppm/K (corresponds to
0.4%/K!) is not insignificant during 24/7 operation.

A 3-wire measurement enables the systematic component to be eliminated, assuming that the two supply
lines are identical. With this type of measurement, the lead resistance of a supply line is measured
continuously. The value determined in this way is then deducted twice from the measurement result, thereby
eliminating the line resistance. Technically, this leads to a significantly more reliable measurement. However,
taking into account the measurement uncertainty, the gain from the 3-wire connection is less significant,
since this assumption is subject to high uncertainty, in view of the fact that the individual line that was not
measured may be damaged, or a varying resistance may have gone unnoticed.

Therefore, although technically the 3-wire connection is a tried and tested approach, for measurements that
are methodological assessed based on measurement uncertainty, we strongly recommend
fully-compensated 4-wire connection.

With both 2-wire and 3-wire connection, the contact resistances of the terminal contacts influence the
measuring process. The measuring accuracy can be further increased by a user-side adjustment with the
signal connection plugged in.

NOTICE

Measurement of small resistances

Especially for measurements in the range < 10 Q, the 4-wire connection is absolutely necessary due to the
relatively high supply and contact resistances. It should also be considered that with such low resistances
the relative measurement error in relation to the full scale value (FSV) can become high - for such
measurements resistance measurement terminals with small measuring ranges such as EL3692 in 4-wire
measurement should be used if necessary.

Corresponding considerations also lead to the common connection methods in bridge operation:
+ Full bridge: 4-wire connection without line compensation, 6-wire connection with full line compensation
+ Half bridge: 3-wire connection without line compensation, 5-wire connection with full line compensation

» Quarter bridge: 2-wire connection without line compensation, 3-wire connection with theoretical line
compensation and 4-wire connection with full line compensation
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Measurement resistance 5 kQ

Measurement mode

Resistance 0..5 kQ

Operation mode

2.5V feed voltage, fixed setting n +Uv
5 kQ reference resistance at —I2

Supply current is given by:
2.5 V1 (5KQ + Rieasurement)

Measuring range, nominal 0...5kQ
Measuring range, end value (FSV) 5kQ
Measuring range, technically usable 0 Q...5.368 kQ

PDO resolution

23 bit (unsigned)

PDO LSB (Extended Range)

640 uQ

PDO LSB (Legacy Range)

596.. uQ

Specific data (not valid for ELM3704-1001; valid for ELM370x-00x0; validity for ELM3702-0101 see
corresponding chapter)

Measurement mode

Resistance 0..5 kQ

2/3-wire 4-wire
Basic accuracy: Measuring deviation at < +80 ppmesy < 160 ppmesy
23°C, with averaging, typ. < +400 mQ < +300 mQ
Extended basic accuracy: Measuring < 2400 ppmgsy < +175 ppmesy
gewatlon at0...55°C, with averaging, typ. |_ 20 <+10
Offset/Zero point Eofiset < 25 ppmegy <5 ppMmegy
deviation (at 23°C)
Gain/scale/ Egain < 60 ppMesy < 54 ppmegy
amplification
deviation (at 23°C)
Non-linearity over the |E;, < 45 ppmegy < 25 ppmegy
whole measuring
range
Repeatability, over  |Egg, <10 ppmesy <5 ppMmesy
24 h, with averaging
Temperature TCorset <2 ppmeg /K < 0.5 ppmes/K
coefficient, typ. <10 mQ/K < 2.50 mQ/K
TCqain <12 ppm/K <5 ppm/K
Noise (without Enoise, ptp < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
filtering) Ennose, Rt < tbd. ppm.s, < tbd. digits < tbd. ppMesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Noisedensity@1kHz
e mQ mQ
<tbd. VHz <tbd. VHz
Noise (with 50 Hz Enoise, ptp < tbd. ppmgsy < tbd. digits < thd. ppmegsy < tbd. digits
FIR filter) Enose, rvis < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Common-mode rejection ratio (without DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
filter) 3 < tbd. Q/V < tbd. kKQV < tbd. kKQ/V < tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.
Common-mode rejection ratio (with 50 Hz |DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
FIR filter) 3 < tbd. Q/V <tbd. Q/V <tbd. Q/V <tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.

Largest short-term deviation during a
specified electrical interference test

+tbd.%es, = tbd. ppmegy typ.

+tbd. %, = ttbd. ppmegy typ.

Input impedance (internal resistance)

tbd.

%) Values related to a common mode interference between SGND and internal ground.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
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lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Resistance measurement range 5 kQ

Extended Range Mode (Default): [Defined resolution: 640 pQ /Step| T
-50 Q 0oQ +5 kQ 5.368.. kQ
0 0 +7812500 +8388607

(0x00000000) (0x00000000) . (0x00773594)  (0x007FFFFF)
Range Error positive Range |

Limit (2

0 value area

Range Error
Limit (2

Underrange Area (* Nominal Range Overrange Area (*

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 596.05.. uQ /Step| il
oQ +5kQ
0 +8388607
(0x00000000) (0X007FFFFF)

Range Error positive Range

Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 135: Representation resistance measurement range 5 kQ

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0 V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [P 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.24.2

Measurement resistance 2 kQ

Measurement mode

Resistance 0..2 kQ

Operation mode

2.5V feed voltage, fixed setting n +Uv
5 kQ reference resistance at —I2

Supply current is given by:
2.5 V1 (5KQ + Rieasurement)

Measuring range, nominal 0...2kQ
Measuring range, end value (FSV) 2kQ

Measuring range, technically usable 0 Q... 2.147 kQ
PDO resolution 23 bit (unsigned)
PDO LSB (Extended Range) 256 uQ

PDO LSB (Legacy Range) 238.. uQ

Specific data (not valid for ELM3704-1001; valid for ELM370x-00x0; validity for ELM3702-0101 see
corresponding chapter)

Measurement mode

Resistance 0..2 kQ

2/3-wire 4-wire
Basic accuracy: Measuring deviation at < +100 ppMegy < 50 ppmesy
23°C, with averaging, typ. < +200 mQ < +100 mQ
Extended basic accuracy: Measuring < +375 ppMmgsy < +170 ppMmesy
gewatlon at0...55°C, with averaging, typ. |_ +10 <400
Offset/Zero point Eofrset <60 ppmgsy < 8 ppMegy
deviation (at 23°C)
Gain/scale/ Egain < 60 ppMesy < 44 ppmegy
amplification
deviation (at 23°C)
Non-linearity over the |E;, < 50 ppmegy < 22 ppMmegy
whole measuring
range
Repeatability, over  |Egg, < 20 ppmegy <5 ppMmesy
24 h, with averaging
Temperature TCoftset <5 ppmeg /K < 0.5 ppmeg /K
coefficient, typ. <10 mO/K <1 ma/K
TCaain <10 ppm/K <5 ppm/K
Noise (without Enoise, ptp < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
filtering) Ennose, Rt <tbd. ppmysy < tbd. digits <tbd. ppmesy < thd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Noisedensity@1kHz
e mQ mQ
<tbd. VHz <tbd. VHz
Noise (with 50 Hz Enoise, ptp < tbd. ppmgsy < tbd. digits < thd. ppmegsy < tbd. digits
FIR filter) Enose, rvis < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Common-mode rejection ratio (without DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
filter) 3 < tbd. Q/V < tbd. kKQV < tbd. kKQ/V < tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.
Common-mode rejection ratio (with 50 Hz |DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
FIR filter) ® < tbd. Q/V <tbd. Q/V <tbd. Q/V <tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.

Largest short-term deviation during a
specified electrical interference test

+tbd.%es, = tbd. ppmegy typ.

+tbd. %, = ttbd. ppmegy typ.

Input impedance (internal resistance)

tbd.

%) Values related to a common mode interference between SGND and internal ground.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
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lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General

information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

positive Range

0 value area

Extended Range Mode (Default): [Defined resolution: 256 pQ /Step| il
-20Q 0Q +2 kQ 2.147.. kQ
0 0 +7812500 +8388607
(0x00000000) (0x00000000) (0x00773594)  (0x007FFFFF)
I

Range Error
Limit (2

Range Error
Limit (2

Underrange Area (*

Nominal Range

Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 238.41.. uQ /Step| i
oQ +2kQ
0 +8388607
(0x00000000) (0x007FFFFF)

positive Range

Range Error Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 136: Representation resistance measurement range 2 kQ

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.24.3

Measurement resistance 500 Q

Measurement mode

Resistance 0..500 Q

Operation mode

4.5V feed voltage, fixed setting n +Uv
5 kQ reference resistance at —I2

Supply current is given by:
4.5V /(5 KQ + Rucasurement)

Measuring range, nominal 0...500 Q
Measuring range, end value (FSV) 500 Q
Measuring range, technically usable 00Q...536.8 Q

PDO resolution

23 bit (unsigned)

PDO LSB (Extended Range)

64 uQ

PDO LSB (Legacy Range)

59.6.. uQ

Specific data (not valid for ELM3704-1001; valid for ELM370x-00x0; validity for ELM3702-0101 see
corresponding chapter)

Measurement mode Resistance 0..500 Q
2/3-wire 4-wire
Basic accuracy: Measuring deviation at < +200 ppMegy < 50 ppmesy
23°C, with averaging, typ. < +100 mQ <425 mQ
Extended basic accuracy: Measuring < £415 ppmegy, < £175 ppMmegy
gewatlon at0...55°C, with averaging, typ. |_ +0 0 <488 mQ
Offset/Zero point Eofiset <145 ppmggy <15 ppMmegy
deviation (at 23°C)
Gain/scale/ Egain <100 ppmgsy <40 ppMmegy
amplification
deviation (at 23°C)
Non-linearity over the |E;, <75 ppmegy < 25 ppmegy
whole measuring
range
Repeatability, over  |Egg, < 50 ppmegy <5 ppMmesy
24 h, with averaging
Temperature TCorset < 8 ppmes /K <1 ppmes /K
coefficient, typ. <4 mQ/K <0.50 mQ/K
TCqain <8 ppm/K <5 ppm/K
Noise (without Enoise, ptp < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
filtering) Ennose, Rt < tbd. ppm.s, < tbd. digits < tbd. ppMesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Noisedensity@1kHz
e mQ mQ
<tbd. VHz <tbd. VHz
Noise (with 50 Hz Enoise, ptp < tbd. ppmgsy < tbd. digits < thd. ppmegsy < tbd. digits
FIR filter) Enose, rvis < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Common-mode rejection ratio (without DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
filter) 3 < tbd. Q/V < tbd. kKQV < tbd. kKQ/V < tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.
Common-mode rejection ratio (with 50 Hz |DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
FIR filter) 3 < tbd. Q/V <tbd. Q/V <tbd. Q/V <tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.

Largest short-term deviation during a
specified electrical interference test

+tbd.%es, = tbd. ppmegy typ.

+tbd. %, = ttbd. ppmegy typ.

Input impedance (internal resistance)

tbd.

%) Values related to a common mode interference between SGND and internal ground.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
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lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Extended Range Mode (Default): [Defined resolution: 64 uQ /Step| T
-5.0Q 0oQ +500 Q 536.8.. Q
0 0 +7812500 +8388607
(0x00000000) (0x00000000) N (0x00773594)  (Ox007FFFFF)
positive Range
Range Error 0 value area | Range Error

Limit (2 Limit (2

Nominal Range

Underrange Area (* Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 59.605.. uQ /Step| miT
0Q +500 Q
0 +8388607
(0x00000000) . (0X007FFFFF)
positive Range
Range Error Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 137: Representation resistance measurement range 500 Q

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.24.4

Measurement resistance 200 Q

Measurement mode

Resistance 0..200 Q

Operation mode

4.5V feed voltage, fixed setting n +Uv
5 kQ reference resistance at —I2

Supply current is given by:
4.5V /(5 KQ + Rucasurement)

Measuring range, nominal 0...200 Q
Measuring range, end value (FSV) 200 Q
Measuring range, technically usable 00Q...2147Q
PDO resolution 23 bit (unsigned)
PDO LSB (Extended Range) 25.6 uQ

PDO LSB (Legacy Range) 23.8.. uQ

Specific data (not valid for ELM3704-1001; valid for ELM370x-00x0; validity for ELM3702-0101 see
corresponding chapter)

Measurement mode

Resistance 0..200 Q

2/3-wire 4-wire
Basic accuracy: Measuring deviation at < £350 ppMmegy < 170 ppMegsy
23°C, with averaging, typ. <+70 mQ <+14 mQ
Extended basic accuracy: Measuring < +800 ppmgsy < +185 ppmegy
gewatlon at0...55°C, with averaging, typ. |_ +0 0 <437 mQ
Offset/Zero point Eofiset <290 ppmesy < 45 ppMmegy
deviation (at 23°C)
Gain/scale/ Egain < 130 ppmesy <45 ppmegy
amplification
deviation (at 23°C)
Non-linearity over the |E;, <125 ppmggy < 25 ppmegy
whole measuring
range
Repeatability, over  |Egg, <75 ppmegy <5 ppMmesy
24 h, with averaging
Temperature TCorset < 20 ppmes/K < 1.5 ppmes /K
coefficient, typ. <4 mQ/K <0.30 mQ/K
TCaain <10 ppm/K <5 ppm/K
Noise (without Enoise, ptp < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
filtering) Ennose, Rt < tbd. ppm.s, < tbd. digits < tbd. ppMesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Noisedensity@1kHz
e mQ mQ
<tbd. VHz <tbd. VHz
Noise (with 50 Hz Enoise, ptp < tbd. ppmgsy < tbd. digits < thd. ppmegsy < tbd. digits
FIR filter) Enose, rvis < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Common-mode rejection ratio (without DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
filter) 3 < tbd. Q/V < tbd. kKQV < tbd. kKQ/V < tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.
Common-mode rejection ratio (with 50 Hz |DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
FIR filter) 3 < tbd. Q/V <tbd. Q/V <tbd. Q/V <tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.

Largest short-term deviation during a
specified electrical interference test

+tbd.%es, = tbd. ppmegy typ.

+tbd. %, = ttbd. ppmegy typ.

Input impedance (internal resistance)

tbd.

%) Values related to a common mode interference between SGND and internal ground.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
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lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Extended Range Mode (Default): [Defined resolution: 25.6 pQ /Step| T
2.0Q 0oQ +200 Q 214.7..Q
0 0 +7812500 +8388607
(0x00000000) (0x00000000) N (0x00773594)  (Ox007FFFFF)
positive Range
Range Error 0 value area | Range Error

Limit (2 Limit (2

Nominal Range

Underrange Area (* Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 23.841.. pQ /Step| miT
0Q +200 Q
0 +8388607
(0x00000000) . (0X007FFFFF)
positive Range
Range Error Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 138: Representation resistance measurement range 200 Q

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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BECKHOFF

3.13.24.5

Measurement resistance 50 Q

Measurement mode

Resistance 0..50 Q

Operation mode

4.5V feed voltage, fixed setting n +Uv
5 kQ reference resistance at —I2

Supply current is given by:
45 V / (5 k Q + Rmeasurement)

Measuring range, nominal 0...50 Q
Measuring range, end value (FSV) 50 Q
Measuring range, technically usable 00Q...53.68 Q

PDO resolution

23 bit (unsigned)

PDO LSB (Extended Range)

6.4 uQ

PDO LSB (Legacy Range)

5.96.. pQ

Specific data (not valid for ELM3704-1001; valid for ELM370x-00x0; validity for ELM3702-0101 see
corresponding chapter)

Measurement mode

Resistance 0..50 Q

2/3-wire 4-wire
Basic accuracy: Measuring deviation at < +2000 ppmegy < 1200 ppMesy
23°C, with averaging, typ. < +100 mQ <+10 mQ
Extended basic accuracy: Measuring < +3495 ppmggy < +305 ppmesy
geviation at0...55°C, with averaging, typ. |_ +0 0 <+15mQ

Offset/Zero point Eofiset <1500 ppMmesy <175 ppmesy
deviation (at 23°C)
Gain/scale/ Ecain <1000 ppmegy < 80 ppmesy
amplification
deviation (at 23°C)
Non-linearity over the |E;, < 750 ppmesy < 50 ppmegy
whole measuring
range
Repeatability, over  |Egg, <400 ppmegsy <10 ppMegy
24 h, with averaging
Temperature TCorset < 80 ppmgesy/K <5 ppmeg /K
coefficient, typ. <4 mQIK <0.25 mQ/K
TCqain <40 ppm/K <5 ppm/K
Noise (without Enoise, ptp < tbd. ppmesy < tbd. digits < tbd. ppmesy < tbd. digits
filtering) Enoise, Ruts < tbd. ppmesy < thd. digits < thd. ppMesy < thd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Noisedensity@1kHz
e mQ mQ
<tbd. VHz <tbd. VHz
Noise (with 50 Hz Enoise, ptp < tbd. ppmgsy < tbd. digits < thd. ppmegsy < tbd. digits
FIR filter) Encieo, s < tbd. ppMesy < tbd. digits < tbd. ppmesy < tbd. digits
Max. SNR > tbd. [dB] > tbd. [dB]
Common-mode rejection ratio (without DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
filter) 3 < tbd. Q/V < tbd. kQ/V < tbd. kQ/V < tbd. Q/V < tbd. kKQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.
Common-mode rejection ratio (with 50 Hz |DC: 50 Hz: 1 kHz: DC: 50 Hz: 1 kHz:
FIR filter) 3 < tbd. Q/V <tbd. Q/V <tbd. Q/V <tbd. Q/V < tbd. kQ/V |< tbd. kQ/V
typ. typ. typ. typ. typ. typ.

Largest short-term deviation during a
specified electrical interference test

+tbd.%es, = tbd. ppmegy typ.

+tbd. %, = ttbd. ppmegy typ.

Input impedance (internal resistance)

tbd.

%) Values related to a common mode interference between SGND and internal ground.

6) Calculated value according to equation in chapter "General information on measuring accuracy/
measurement uncertainty” [P 23] for quick estimation of usability over the specified ambient temperature

range in operation (T,.went)- IN real use, for example at a relatively constant ambient temperature T, pient, @
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lower (better) achievable uncertainty is attained. A specific calculation according to chapter "General
information on measuring accuracy/measurement uncertainty" is recommended, especially if the instrument
allows a wider ambient temperature range in operation than 0...55 °C.

Extended Range Mode (Default): [Defined resolution: 6.4 uQ /Step| T
-0.5Q 0oQ +50 Q 53.68.. Q
0 0 +7812500 +8388607
(0x00000000) (0x00000000) N (0x00773594)  (Ox007FFFFF)
positive Range
Range Error 0 value area | Range Error

Limit (2 Limit (2

Nominal Range

Underrange Area (* Overrange Area (!

Technical Range

1 Underrange/Overrange Limit/Area: corresponding bit is set when measurement value is out of nominal range

2 Range Error: Error Bit + Error LED (detection level adjustable by user, default: technical range)

Legacy Range Mode (Optional): [Calculated resolution: 5.9605.. uQ /Step| miT
0Q +50 Q
0 +8388607
(0x00000000) . (0X007FFFFF)
positive Range
Range Error Range Error
Limit (2

Limit (2

Underrange

Overrange
Limit (*

Limit (*

Nominal / Technical Range

Fig. 139: Representation resistance measurement range 50 Q

Note: The channel also works in electrically bipolar mode and records negative values in the unipolar measuring ranges (measurement
from 0V, 0 mA, 4 mA, 0 Q). This enables the channel to provide a precise diagnosis even with signals < 0. In these measuring ranges
the limit value for the "Underrange Error" in Extended Mode is -1% of the full scale value (FSV). The limit value can be set in CoE
object 0x80n0:32 [ 577]. This avoids irritating error messages if the channel is not wired (e.g. without sensor) or the electrical signal
fluctuates slightly around zero. The process data value of 0x00000000 is not undershot.

If the "UnderrangeError" detection is to be set even less sensitive, the magnitude of the negative limit value in the CoE object referred
to above can be set even higher.

Note: In Extended Range Mode the Underrange/Overrange display in the PDO status has the character of an information/warning
when the nominal measuring range is exceeded, i.e. no Error is displayed in the PDO status and LED. If the technical measuring range
is also exceeded, Error = TRUE is also displayed. The detection limit for Underrange/Overrange Error can be set in the CoE.

In Legacy Range mode, an Underrange/Overrange event also leads to an Error in the PDO status.
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3.13.2.5 RTD measurement

Application on ELM370x

Basically the electrical resistance measurement range is independent adjustable of the RTD transformation.
Thus achievable temperature measuring accuracy depending on the electrical resistance measuring ranges
are given in the following. When choosing the combination, make sure that the correct and sufficient
electrical resistance measurement range depending on application selection is made, e.g. would be the 50 Q
range in combination with a PT1000 sensor rarely useful only. So a setting have to be chosen for

* electrical resistance measurement range in [Q] within CoE 0x80n0:01
« the transformation/conversion R — Q within CoE 0x80n0:14

RTD measuring range

Legacy Range Mode:

Temp./ PDO Value
Temp./ PDO Value
Start (Table) End (Table)

positive Range

Nominal / Technical Range

Fig. 140: Chart: RTD measuring range

In temperature mode, only the legacy range is available, the extended range is not available.

The temperature display in [°C/digit] (e.g. 0.1°/digit or 0.01°/digit) is independent from the electrical
measurement. It is “just” a display setting and results from the PDO setting, see chapter "Comissioning".

Implemented characteristics, overview

Supported RTD types and transformations supported by the ELM370x from FWO01 on:
* None (no transformation)
« PT100 (-200...850°C)
« PT200 (-200...850°C)
« PT500 (-200...850°C)
« PT1000 (-200...850°C)
+ NI100 (-60...250°C)
* NI120 (-60...320°C)
« NI1000 (-60...250°C)
« NI1000 TK5000 (-30...160°C)
+ KT100/110/130/210/230 KTY10/11/13/16/19 (-50...150°C)
« KTY81/82-110,120,150 (-50...150°C)
* KTY81-121 (-50...150°C)
« KTY81-122 (-50...150°C)
+ KTY81-151 (-50...150°C)
+ KTY81-152 (-50...150°C)
« KTY81/82-210,220,250 (-50...150°C)
+ KTY81-221 (-50...150°C)
+ KTY81-222 (-50...150°C)
+ KTY81-251 (-50...150°C)
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+ KTY81-252 (-50...150°C)

+ KTY83-110,120,150 (-50...175°C)
* KTY83-121 (-50...175°C)

* KTY83-122 (-50...175°C)

« KTY83-151 (-50...175°C)

» KTY83-152 (-50...175°C)

» KTY84-130,150 (-40...300°C)
+ KTY84-151 (-40...300°C)

* KTY21/23-6 (-50...150°C)

* KTY1x-5 (-50...150°C)

* KTY1x-7 (-50...150°C)

+ KTY21/23-5 (-50...150°C)

» KTY21/23-7 (-50...150°C)

* B-Parameter

* DINIEC 60751

« Steinhart Hart

The Pt types are implemented according to DIN EN 60751/IEC751 with
+ A=0.0039083 °C"
« B=-5.775*107 °C?
+ C=-4183*10"°C?
and therefore a = 0.003851 °C". If other coefficients are required, they have to be inserted directly into the

CoE via the setting "DIN IEC 60751". For calculation with a only, the CoE Scaler 0x80n0:2E "linear" have to
be used.

3.13.2.51 RTD measurement with Beckhoff terminals

RTD specification and conversion

Temperature measurement with a resistance-dependent RTD sensor generally consists of two steps:

* Electrical measurement of the resistance, if necessary in several ohmic measuring ranges

» Conversion (transformation) of the resistance into a temperature value by software means according to
the set RTD type (Pt100, Pt1000...).

Both steps can take place locally in the Beckhoff measurement device. The transformation in the device can
also be deactivated if it is to be calculated on a higher level in the control. Depending on the device type,
several RTD conversions can be implemented which only differs in software. This means for Beckhoff RTD
measurement devices that

 a specification table of the electrical resistance measurement is given

» and based on this, the effect for the temperature measurement is given below depending on the
supported RTD type. Note that RTD characteristic curves are always realized as higher-order
equations or by a sampling points table in the software, therefore a linear R—T transfer only makes
sense in a narrow range.

Notes to 2/3/4 wire connection within R/RTD operation

With 2-wire measurement, the line resistance of the sensor supply lines influences the measured value. If a
reduction of this systematic error component is desirable for 2-wire measurements, the resistance of the
supply line to the measuring resistance should be taken into account, in which case the resistance of the
supply line has to be determined first.

ELM3xxx Version: 2.18 327



Product overview BEGKHOFF

Taking into account the uncertainty associated with this supply line resistance, it can then be included
statically in the calculation, in the EL3751 via 0x8000:13 [» 577] and in the ELM350x/ ELM370x via 0x80n0:13

[».577].
Any change in resistance of the supply line due to ageing, for example, is not taken into account

automatically. Just the temperature dependency of copper lines with approx. 4000 ppm/K (corresponds to
0.4%/K!) is not insignificant during 24/7 operation.

A 3-wire measurement enables the systematic component to be eliminated, assuming that the two supply
lines are identical. With this type of measurement, the lead resistance of a supply line is measured
continuously. The value determined in this way is then deducted twice from the measurement result, thereby
eliminating the line resistance. Technically, this leads to a significantly more reliable measurement. However,
taking into account the measurement uncertainty, the gain from the 3-wire connection is less significant,
since this assumption is subject to high uncertainty, in view of the fact that the individual line that was not
measured may be damaged, or a varying resistance may have gone unnoticed.

Therefore, although technically the 3-wire connection is a tried and tested approach, for measurements that
are methodological assessed based on measurement uncertainty, we strongly recommend
fully-compensated 4-wire connection.

With both 2-wire and 3-wire connection, the contact resistances of the terminal contacts influence the
measuring process. The measuring accuracy can be further increased by a user-side adjustment with the
signal connection plugged in.

NOTICE

Measurement of small resistances

Especially for measurements in the range < 10 Q, the 4-wire connection is absolutely necessary due to the
relatively high supply and contact resistances. It should also be considered that with such low resistances
the relative measurement error in relation to the full scale value (FSV) can become high - for such
measurements resistance measurement terminals with small measuring ranges such as EL3692 in 4-wire
measurement should be used if necessary.

Corresponding considerations also lead to the common connection methods in bridge operation:
+ Full bridge: 4-wire connection without line compensation, 6-wire connection with full line compensation
+ Half bridge: 3-wire connection without line compensation, 5-wire connection with full line compensation

» Quarter bridge: 2-wire connection without line compensation, 3-wire connection with theoretical line
compensation and 4-wire connection with full line compensation

@® Data for the sensor types in the following table

1 The values for the sensor types listed in the following table are shown here merely for informative
purposes as an orientation aid. All data are given without guarantee and must be cross-checked
against the data sheet for the respective sensor employed.

The RTD measurement consists of a chain of measuring and computing elements that affect the attainable
measurement deviation:

Terminal/ Module

| Tsens |—>| RTD Sensor l—@—* Transformation R — T }—4>| EtherCAT

-~ Y
A

Channel:
Sensor: accuracy and )
[ ) Tambient transformation .
accuracy specification ambient temperature Tmeasureq £ realized accuracy
A accuracy
specification

|

desired accuracy
Fig. 141: Concatenation of the uncertainties in RTD measurement

The given resistance specification is decisive for the attainable temperature measurement accuracy. It is
applied to the possible RTD types in the following.
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On account of

 the non-linearity existing in the RTD and thus the high dependency of the specification data on the
sensor temperature T, and

+ the influence of the ambient temperature on the analog input device employed (leads to a change in
T measured ON @ccount of AT,,,en: @lthough T, = constant)

no detailed temperature specification table is given in the following, but

 a short table specifying the electrical measuring range and orientation value for the basic accuracy

+ a graph of the basic accuracy over T, (this at two example ambient temperatures so that the
attainable basic accuracy is implied on account of the actual existing ambient temperature)

 equations for calculating further parameters (offset/gain/non-linearity/repeatability/noise) if necessary
from the resistance specification at the desired operating point

Notes on the calculation of detailed specification data

If further specification data are of interest, they can or must be calculated from the values given in the
resistance specification.

The sequence:

» General: The conversion is explained here only for one measuring point (a certain input signal); the
steps simply must be repeated in case of several measuring points (up to the entire measuring range).

« If the measured resistance at the measured temperature measuring point is unknown, the measured
value (MW) in [Q] must be determined:
MW = RMeasuring point (TMeasuring point) Wlth the help Of an R_)T table

* The deviation at this resistance value is calculated
> Via the total equation

Eota =J (EGEII‘\ - %)2"' (TCGam -AT- %)24' Eoﬂse12+ ELm2+ ERep2+ (15 . ENa:se,PtP)2+ (TCOffset . AT)z"' (EAge - P"l\-’ears);2

o or a single value, e.g. Egjge = 15 ppmesy

o the measurement uncertainty in [QQ] must be calculated:
EResistance(RMeasuring poim) = ETotaI(RMeasuring point) : FSV
or: EResistance(RMeasuring point) = ESingIe(RMeasuring point) : FSV
or (If already known) e-g-: EResistance(RMeasuring point) = 003 Q
* The slope at the point used must then be determined:
ARproK(TMeasuring point) = [ R(TMeasuring point + 1 OC) - R(TMeasuring point )] / 1 OC
with the help of an R—T table

» The temperature measurement uncertainty can be calculated from the resistance measurement
uncertainty and the slope

ETemp(RMeasuring point) = (EResistance(TMeasuring point)) / (ARproK(TMeasuring point) )

» To determine the error of the entire system consisting of RTD and the measuring device in [°C], the
two errors must be added together quadratically:

2 2
ESystem=\/(ETemp) + (ERTD)

The numerical values used in the following three examples are for illustration purposes. The specification
values given in the technical data remain authoritative.

Example 1:

Basic accuracy of an ELM3504 at 35 °C ambient temperature, measurement of -100 °C in the PT1000
interface (4-wire), without the influence of noise and aging:

TMeasuring point = '1 OO oC
MW = Reryo00, -100 ¢ = 602.56 Q
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Ema.=\l ((80 ppm - (602.56 Q)/(2000 Q))+(10 ppm/K - 12 K - (602.56 Q)/(2000 Q)+ (30 ppmrsy)’ .

.. +(65 ppmesy)? + (10 ppmesy)?+ (1.5 (ppmiesy)/K - 12 K)?)
= 86.238 ppmggy

EResistance(RMeasuring point) = 86238 pmeSV' 2000 Q = 01725 Q
AR ox(Tweasuring point) = (R(-99 °C) — R(-100 °C)) / (1 °C) = 4.05 Q/°C
EELM3504@35°C’ PT1000, _100 °C = (0.1 725 Q)/(4.05 Q/OC) = 0.043 °C (means i0.043 OC)

Example 2:

Consideration of the repeatability alone under the above conditions:
Tweasuring point = =100 °C

MW = Ryeasuring point (100 °C) = 602.56 Q

Esinge = 10 PPMesy

Eresistance= 10 PPMegy - 2000 Q = 0.02 Q

AR, o(Tieasuring point) = (Rugg«c — Ripo-c) / 1 °C = 4.05 Q/°C

Eremp(Rueasuring point) = 0.02 Q /4.05 Q/°C = 0.005 °C (means 0.005 °C)

Example 3:

Consideration of the RMS noise alone without filter under the above conditions:
Tweasuring point = =100 °C

MW = Ryeasuring point (100 °C) = 602.56 Q

Esinge = 37 PPMesy

EResistance= 37 PPMesy - 2000 Q = 0.074 Q

ARG ok(Tueasuring point) = (Rgg ¢ = Rurgo+c) / 1 °C = 4.05 Q/°C

E remp(Rueasuring point) = 0.074 Q / 4.05 Q/°C = 0.018 °C (means = 0.018 °C)

Example 4:

If the noise Ey,. e Of the above example terminal is considered not for one sensor point -100 °C but in
general, the following plot results:
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0.0085 noise specification: 14 ppmFSh:
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Fig. 142: Diagram noise Ey.. i in dependence on sensor temperature

“B-parameter equation” setting for NTC sensors
The B-parameter equation can be used for NTC sensors (thermistors), i.e. RTD elements with negative
coefficient k.

S

1
R(T) = RTO - @70

The coefficient RTO indicates the resistance at temperature T0O. The B-parameter can be taken from the
information provided by the sensor manufacturer, or it can be determined by measuring the resistance at two
known temperatures.

A helpful Excel file can be found for this in the documentation for the EL3204-0200.

The parameters must then be entered in the CoE 0x80n7

=|- 30070 PAIRTD Settings Ch.1 RW =6«
300701 RO RW 0.000000 (0.000000e+00)
00702 T RW 0.000000 (0.000000=+00)
300703 A Parameter RwW 0.000000 (0.000000-+00)
800704 B Parameter RW 0.000000 (0.000000=+00)
800705 C Parameter RW 0.000000 (0.000000e+00)
8007:06 D Parameter RW 0.000000 (D.000000=+00)

Fig. 143: ELM37xx/ CoE object 0x80n7: PAI RTD Settings Ch.1
with

RTO — 0x80n7:01

B — 0x80n7:04

TO — 0x80n7:02
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“DIN IEC 60751” setting for Pt sensors

The calculation for T > 0°C according to

_ —AR,+(4R,)’ ~ 4BR, (R, - R)
2BR,

is implemented; the parameters must then be entered in the CoE 0x80n7

T

=l 0070 PAlI RTD Settings Ch.1 RW >h<
800701 RO RW 0.000000 (0. CODO00e-+00)
800702 TO Ry 0.000000 (0.00OD000e-+00)
800703 A Parameter R 0.000000 (0. CODO00e-+0)
800704 B Parameter R 0.000000 (0.0OD000e-+00)
800705 C Parameter R 0.000000 (0. CODO00e-+00)
800706 D Parameter R 0.000000 (0.O0D000e-+00)
with

A or a — 0x80n7:03
B or  — 0x80n7:04
RO — 0x80n7:01

“Steinhart-Hart” setting for NTC sensors

The Steinhart-Hart equation can be used for NTC sensors (thermistors), i.e. RTD elements with negative
coefficient k.

%_ A+ B In(R)+ C - (In(R))? - D - (In(R))?

The coefficients C1, C2, and C4 can either be taken directly from the manufacturer data or calculated. A
sample file for the calculation of the Steinhart-Hart parameters is also available in the EL3204-0200
documentation. For determining the parameters the resistance values at three known temperatures are
required. These can either be taken from the manufacturer data or measured directly at the sensor. In most
cases the parameter C3 is close to zero, i.e. negligible. It is therefore not used in the sample file calculation.

The parameters must then be entered in the CoE 0x80n7

=I-- 30070 PAl RTD Settings Ch.1 Ry o R
800701 RO R 0.000000 (0. CODO00e-+0)
800702 TO R 0.000000 (0.0ODD00e-+00)
800703 A Parameter R 0.000000 (0. CODO00e-+00)
800704 B Parameter R 0.000000 (0.00D000e-+00)
800705 C Parameter RW 0.000000 (0.000000<+00)
200706 D Parameter RW 0.000000 (0.000000-+00)
with

A — 0x80n7:03
B — 0x80n7:04
C — 0x80n7:05
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D — 0x80n7:06

3.13.2.5.2 Specification notes

Specification of the RTD measurement

For some frequently used RTD types, you will find below an overview of the achievable measurement
uncertainties for each RTD type and measuring range used. The graphic illustrations offer fast orientation so
that the best possible setting can be chosen for the respective measuring task.

The measurement uncertainty of the RTD sensor itself (accuracy class) still has to be added for the final
result.
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3.13.25.3 PT100 specification

Electrical measuring range [200 Q 500 Q 2000 Q 5000 Q Applicable

used also for
ELM3704
-1001 = X

Connection 4-wire 2/3-wire " |4-wire 2/3-wire " |4-wire 2/3-wire " |4-wire 2/3-wire " |X

Starting value -200°C -200°C -200°C -200°C X

End value 266°C 850°C 850°C 850°C X

Basic accuracy: Measuring <+0.039 |<10.2K |<%0.074 |<+0.33K |<10.18 K|<10.56 K |<+0.45 K |<+0.9K

deviation at 23°C terminal K K

environment, with averaging,

typ.

Basic accuracy: Measuring <+0.11K|<+045K |<+0.24 K|<+0.65K |[<+0.3K |<#1.3K |<#0.57K |<%1.6K

deviation at 55°C terminal

environment, with averaging,

typ.

Temperature coefficient ?, typ. |[< 1.5 mK/ |[< 11 mK/ |< 1.9 mK/ |< 11 mK/ |<2.9 mK/|< 26 mK/ |< 6.6 mK/ |< 26 mK/

K K K K K K K K
PDO LSB (Legacy Range 0.1/0.01/0.001°C/digit, depending on PDO setting X
only)

") See initial remarks about 2/3-wire operation. The offset specification does not apply in 2-wire operation, as
the offset is increased due to the connection. In 2-wire operation, an offset compensation is to be carried out
after installation; refer to the ELM's internal functions Tare (chapter “ELM Features”/ “Tare” [P 000]) or Zero

Offset (chapter "ELM Features”/ "ZeroOffset” [P 000]). The given offset specification of the terminal thus plays

practically no further part. The offset deviation of a resistance measurement can change over time, therefore
Beckhoff recommends a regular offset compensation or attentive monitoring of the change.

2) The temperature coefficient, i.e. the change in the measured temperature value in relation to the change in
the ambient temperature of the terminal, is not constant, as can be seen in the following plot. The value at a
sensor temperature of 0 °C is given here as an orientation value. Further values can be taken from the plot.

Measurement uncertainty for Pt100 in the electr. measuring range 200 Q, 4-wire connection:

o
o

basic specification (FSV = 200 Ohm)

basic accuracy: 70 ppmFSV

o
.
©

offet specification: 45 ppmFSV

gain specification: 45 ppm
linearity specification: 25 ppmFSV

o
.
[e2)

repeatability specification: 5 ppmFSV

offset temp. coeff.: 1.5 ppmFSV/K
gain temp. coeff.: 5 ppm/K

[°g]
®

o
o .
. N

o
o
@

measurement deviation +/—

o
o
&

o
o
=

RTD specification

RTD type: Pt100
lin. range: —200 °C to 266 °C
recom. range: —200 °C to 266 °C
at 23°C ambient: +/~ 0.039 °C
at 55°C ambient: +/- 0.11 °C
temp. coeff. (0°C meas.): 1.5 mK/K

0.02

at 23°C device ambient temp. =

at 39°C device ambient temp.

at 55°C device ambient temp. ¢

9200 -175 -150 -125 -100 -75

ELM3704-00x0, ELM3702-00x0, 200 Ohm Range, Pt100, 4Wire

-50 -25 0 25 50 75 100
RTD measurement temperature [°C]

125 150

175 200 225 250
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Measurement uncertainty for Pt100 in the electr. measuring range 200 Q, 3-wire connection:

0.6

0.55

[°Cl
o o
o w o 'S o
w a IS o o

o
[N}
o

measurement deviation +/—

0.15

0.1

0.05

0,
-200 -175 -150 -125 -100

basic specification (FSV = 200 Ohm)
basic accuracy: 350 ppmFSV
offet specification: 290 ppmFSV
gain specification: 130 ppm
linearity specification: 125 ppmFSV
repeatability specification: 75 ppmFSV
offset temp. coeff.: 20 ppmFSV/K
gain temp. coeff.: 10 ppm/K

RTD specification
RTD type: Pt100
lin. range: —200 °C to 266 °C
recom. range: —200 °C to 266 °C
at 23°C ambient: +/- 0.2 °C
at 55°C ambient: +/- 0.45 °C
temp. coeff. (0°C meas.): 11 mK/K

o
[N

at 23°C device ambient temp. ——

at 39°C device ambient temp.

at 55°C device ambient temp.

ELM3704-00x0, ELM3702-00x0, 200 Ohm Range, Pt100, 3Wire

-75 -50 -25 0 25 50 75
RTD measurement temperature [°C]

100

125 150 175 200 225 250

Measurement uncertainty for Pt100 in the electr. measuring range 500 Q, 4-wire connection:

0.3
0.28
0.26
0.24
0.22

[°cl
o o o o
- 2 4 2 o
nN B D [oe] nN

measurement deviation +/—

o
o ©°
8 =

0.06
0.04 -
0.02

£)200—150—100 -50 0 50

basic specification (FSV = 500 Ohm)
basic accuracy: 50 ppmFSV
offet specification: 15 ppmFSV
gain specification: 40 ppm
linearity specification: 25 ppmFSV
repeatability specification: 5 ppmFSV
offset temp. coeff.: 1 ppmFSV/K
gain temp. coeff.: 5 ppm/K

RTD specification
RTD type: Pt100
lin. range: ~200 °C to 850 °C
recom. range: —200 °C to 850 °C
at 23°C ambient: +/- 0.074 °C
at 55°C ambient: +/- 0.24 °C
temp. coeff. (0°C meas.): 1.9 mK/K

ELM3704-00x0, ELM3702-00x0, 500 Ohm Range, Pt100, 4Wire

RTD measurement temperature [°C]

at 23°C device ambient temp., =

at 39°C device ambient temp.

at 55°C device ambient temp.

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
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Measurement uncertainty for Pt100 in the electr. measuring range 500 Q, 3-wire connection:

0.9
basic specification (FSV = 500 Ohm)
basic accuracy: 200 ppmFSV
0.8 offet specification: 145 ppmFSV
gain specification: 100 ppm
linearity specification: 75 ppmFSV
0.7 repeatability specification: 50 ppmFSV

offset temp. coeff.: 8 ppmFSV/K
gain temp. coeff.: 8 ppm/K

© 1 o o
w EN o o

measurement deviation +/— [°C]

o
[N

0.1

RTD specification

at 23°C device ambient temp. ——

RTD type: Pt100
lin. range: —200 °C to 850 °C
recom. range: —200 °C to 850 °C
at 23°C ambient: +/- 0.33 °C
at 55°C ambient: +/- 0.65 °C
temp. coeff. (0°C meas.): 11 mK/K

at 39°C device ambient temp.

at 55°C device ambient temp.

ELM3704-00x0, ELM3702-00x0, 500 Ohm Range, Pt100, 3Wire

0,
-200-150-100 -50 O

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

RTD measurement temperature [°C]

Measurement uncertainty for Pt100 in the electr. measuring range 2000 Q, 4-wire connection:

0.4
0.38
0.36
0.34
0.32

0.3
©0.28

L.

10.26
Fo.o4
i)
50.22
>
302
50.18
§o.16
%0.14
£0.12 .
0.1
0.08
0.06
0.04
0.02

basic specification (FSV = 2000 Ohm)
basic accuracy: 50 ppmFSV
offet specification: 8 ppmFSV
gain specification: 44 ppm
linearity specification: 22 ppmFSV
repeatability specification: 5 ppmFSV
offset temp. coeff.: 0.5 ppmFSV/K
gain temp. coeff.: 5 ppm/K

£)200—150—100 -50 0 50

RTD specification

at 23°C device ambient temp., =

RTD type: Pt100
lin. range: ~200 °C to 850 °C
recom. range: —200 °C to 850 °C
at 23°C ambient: +/- 0.18 °C
at 55°C ambient: +/- 0.3 °C
temp. coeff. (0°C meas.): 2.9 mK/K

at 39°C device ambient temp.

at 55°C device ambient temp.

ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt100, 4Wire

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
RTD measurement temperature [°C]
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Measurement uncertainty for Pt100 in the electr. measuring range 2000 Q, 3-wire connection:

basic specification (FSV = 2000 Ohm) RTD specification
basic accuracy: 100 ppmFSV RTD type: Pt100
1.8 offet specification: 60 ppmFSV lin. range: —200 °C to 850 °C
gain specification: 60 ppm recom. range: —200 °C to 850 °C
linearity specification: 50 ppmFSV at 23°C ambient: +/- 0.56 °C
1.6 repeatability specification: 20 ppmFSV at 55°C ambient: +/- 1.3 °C
offset temp. coeff.: 5 ppmFSV/K temp. coeff. (0°C meas.): 26 mK/K
gain temp. coeff.: 10 ppm/K

at 23°C device ambient temp. ——

at 39°C device ambient temp.

at 55°C device ambient temp.

=
ES

_.
o

measurement deviation +/— [°C]

0.2

ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt100, 3Wire

0 i H
-200-150-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

RTD measurement temperature [°C]

Measurement uncertainty for Pt100 in the electr. measuring range 5000 Q, 4-wire connection:

0.8

basic specification (FSV = 5000 Ohm)
0.75 basic accuracy: 60 ppmFSV
offet specification: 5 ppmFSV
gain specification: 54 ppm
linearity specification: 25 ppmFSV
repeatability specification: 5 ppmFSV
offset temp. coeff.: 0.5 ppmFSV/K
gain temp. coeff.: 5 ppm/K

[°Cl
[=) o o
29 o 9 o °
o o > o N

o
~

measurement deviation +/—

ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt100, 4Wire

0.1

RTD specification

RTD type: Pt100
lin. range: ~200 °C to 850 °C
recom. range: —200 °C to 850 °C
at 23°C ambient: +/- 0.45 °C
at 55°C ambient: +/- 0.57 °C
temp. coeff. (0°C meas.): 6.6 mK/K

at 23°C device ambient temp., =

at 39°C device ambient temp.

at 55°C device ambient temp.

-200-150-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

RTD measurement temperature [°C]
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Measurement uncertainty for Pt100 in the electr. measuring range 5000 Q, 3-wire connection:

21 basic specification (FSV = 5000 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 80 ppmFSV RTD type: Pt100
offet specification: 25 ppmFSV lin. range: —200 °C to 850 °C a1 39°C device ambient temp.

1.9 gain specification: 60 ppm recom. range: —200 °C to 850 °C
linearity specification: 45 ppmFSV at 23°C ambient: +/- 0.9 °C at 55°C device ambient temp
repeatability specification: 10 ppmFSV at 55°C ambient: +/— 1.6 °C

1.7 offset temp. coeff.: 2 ppmFSV/K temp. coeff. (0°C meas.): 26 mK/K

gain temp. coeff.: 12 ppm/K

2
”

=
w

54
©

measurement deviation +/— [°C]

o
3

e
o

0.3

ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt100, 3Wire
0.1

_200-150-100 50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
RTD measurement temperature [°C]
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3.13.2.5.4 PT200 specification

Electrical measuring range (500 Q 2000 Q 5000 Q Applicable

used also for
ELM3704
-1001 = X

Connection 4-wire 2/3-wire " 4-wire 2/3-wire Y 4-wire 2/3-wire X

Starting value -200°C -200°C -200°C X

End value 408°C 850°C 850°C X

Basic accuracy: Measuring <10.037 K [<+0.15K <+0.11 K <10.29 K <10.24 K <+0.46 K

deviation at 23°C terminal

environment, with averaging,

typ.

Basic accuracy: Measuring <10.13K <10.3K <+0.25K <+0.76 K <10.35K <+0.88 K

deviation at 55°C terminal

environment, with averaging,

typ.

Temperature coefficient 2, typ.|< 1.5 mK/K |<5.6 mK/K |[<1.9mK/K |<14 mK/K <3.5mK/K [<14 mK/K

PDO LSB (Legacy Range 0.1/0.01/0.001°C/digit, depending on PDO setting X

only)

") See initial remarks about 2/3-wire operation. The offset specification does not apply in 2-wire operation, as
the offset is increased due to the connection. In 2-wire operation, an offset compensation is to be carried out
after installation; refer to the ELM's internal functions Tare (chapter "ELM Features”/ "Tare” [P_000]) or Zero
Offset (chapter "ELM Features”/ “ZeroOffset” [»_000]). The given offset specification of the terminal thus plays
practically no further part. The offset deviation of a resistance measurement can change over time, therefore
Beckhoff recommends a regular offset compensation or attentive monitoring of the change.

2) The temperature coefficient, i.e. the change in the measured temperature value in relation to the change in
the ambient temperature of the terminal, is not constant, as can be seen in the following plot. The value at a
sensor temperature of 0 °C is given here as an orientation value. Further values can be taken from the plot.

Measurement uncertainty for Pt200 in the electr. measuring range 500 Q, 4-wire connection:

0.2
basic specification (FSV = 500 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 50 ppmFSV RTD type: Pt200
0.18 offet specification: 15 ppmFSV lin. range: —200 °C to 408 °C at39°C device ambient temp.
gain specification: 40 ppm recom. range: —200 °C to 408 °C
linearity specification: 25 ppmFSV at 23°C ambient: +/- 0.037 °C at 55°C device ambient temp.  *
0.16 repeatability specification: 5 ppmFSV at 55°C ambient: +/- 0.13 °C
offset temp. coeff.: 1 ppmFSV/K temp. coeff. (0°C meas.): 1.5 mK/K
gain temp. coeff.: 5 ppm/K
00.14
Q.
4
£0.12
il
kS
3
801
<
o)
50.08
5
(7]
3
€006 et
0.04 [ g wnt 2L
0.02 «
ELM3704-00x0, ELM3702-00x0, 500 Ohm Range, Pt200, 4Wire
0,
-200-175-150-125-100-75 -50 -25 0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
RTD measurement temperature [°C]
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Measurement uncertainty for Pt200 in the electr. measuring range 500 Q, 3-wire connection:

0.5
basic specification (FSV = 500 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 200 ppmFSV RTD type: Pt200
0.45 offet specification: 145 ppmFSV lin. range: —200 °C to 408 °C a1 39°C device ambient temp.
gain specification: 100 ppm recom. range: —200 °C to 408 °C
linearity specification: 75 ppmFSV at 23°C ambient: +/- 0.15 °C at 55°C device ambient temp
0.4 repeatability specification: 50 ppmFSV at 55°C ambient: +/- 0.3 °C
offset temp. coeff.: 8 ppmFSV/K temp. coeff. (0°C meas.): 5.6 mK/K
gain temp. coeff.: 8 ppm/K
00.35
Q.
4
¥
= 0.3 Lo
S | 0 b e
E ......
3900 KN N N N N N O O O T T T T O WO OOY S
G025 e
=S e L TR S SRS b
B
B 0.2 [ 480,880
S L ieesseccctt
(2]
3
£0.15
0.1 //
0.05

ELM3704-00x0, ELM3702-00x0, 500 Ohm Range, Pt200, 3Wire

9200—175—150—125—100—75 5025 0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
RTD measurement temperature [°C]

Measurement uncertainty for Pt200 in the electr. measuring range 2000 Q, 4-wire connection:

0.3
basic specification (FSV = 2000 Ohm) RTD specification at 23°C device ambient temp. ——
0.28 basic accuracy: 50 ppmFSV RTD type: Pt200
offet specification: 8 ppmFSV lin. range: —200 °C to 850 °C at 39°C device ambient temp
0.26 gain specification: 44 ppm recom. range: —200 °C to 850 °C
linearity specification: 22 ppmFSV at 23°C ambient: +/- 0.11 °C at 55°C device ambient temp.
0.24 repeatability specification: 5 ppmFSV at 55°C ambient: +/- 0.25 °C
offset temp. coeff.: 0.5 ppmFSV/K temp. coeff. (0°C meas.): 1.9 mK/K
0.22 gain temp. coeff.: 5 ppm/K
&
i 0.2
*
=0.18
Ke]
©
<0.16
o)
°
+<0.14
o)
§o.12
2
S 0.1
€
0.08
0.06 :
0.04
0.02

ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt200, 4Wire

£)200—150—100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
RTD measurement temperature [°C]
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Measurement uncertainty for Pt200 in the electr. measuring range 2000 Q, 3-wire connection:

basic specification (FSV = 2000 Ohm)

11 basic accuracy: 100 ppmFSV

: offet specification: 60 ppmFSV

gain specification: 60 ppm

1 linearity specification: 50 ppmFSV
repeatability specification: 20 ppmFSV
offset temp. coeff.: 5 ppmFSV/K
gain temp. coeff.: 10 ppm/K

o o
e ©

©
~

o
o

o
~

measurement deviation +/— [°C]
o
o

©
w

o
o

0.1

RTD specification
RTD type: Pt200
lin. range: —200 °C to 850 °C
recom. range: —200 °C to 850 °C
at 23°C ambient: +/- 0.29 °C
at 55°C ambient: +/- 0.76 °C
temp. coeff. (0°C meas.): 14 mK/K

ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt200, 3Wire
0 i H
-200-150-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

RTD measurement temperature [°C]

at 23°C device ambient temp. ——

at 39°C device ambient temp.

at 55°C device ambient temp.

Measurement uncertainty for Pt200 in the electr. measuring range 5000 Q, 4-wire connection:

0.4
basic specification (FSV = 5000 Ohm)
0.38 basic accuracy: 60 ppmFSV
offet specification: 5 ppmFSV
0.36 gain specification: 54 ppm
linearity specification: 25 ppmFSV
0.34 repeatability specification: 5 ppmFSV
offset temp. coeff.: 0.5 ppmFSV/K
0.32 gain temp. coeff.: 5 ppm/K
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RTD specification

RTD type: Pt200
lin. range: ~200 °C to 850 °C
recom. range: —200 °C to 850 °C
at 23°C ambient: +/- 0.24 °C
at 55°C ambient: +/- 0.35 °C
temp. coeff. (0°C meas.): 3.5 mK/K

ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt200, 4Wire

0.1

at 23°C device ambient temp., =

at 39°C device ambient temp.

at 55°C device ambient temp.
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Measurement uncertainty for Pt200 in the electr. measuring range 5000 Q, 3-wire connection:

1.3 . . :
basic specification (FSV = 5000 Ohm) RTD specification at 23°C device ambient temp. ——
1.2 basic accuracy: 80 ppmFSV RTD type: Pt200
offet specification: 25 ppmFSV lin. range: —200 °C to 850 °C a1 39°C device ambient temp.
11 gain specification: 60 ppm recom. range: —200 °C to 850 °C
: linearity specification: 45 ppmFSV at 23°C ambient: +/- 0.46 °C at 55°C device ambient temp
repeatability specification: 10 ppmFSV at 55°C ambient: +/— 0.88 °C
1 offset temp. coeff.: 2 ppmFSV/K temp. coeff. (0°C meas.): 14 mK/K
gain temp. coeff.: 12 ppm/K
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ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt200, 3Wire
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RTD measurement temperature [°C]
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3.13.2.5.5 PT500 specification

Electrical measuring range [2000 Q 5000 Q Applicable

used also for
ELM3704
-1001 =X

Connection 4-wire 2/3-wire " 4-wire 2/3-wire " X

Starting value -200°C -200°C X

End value 850°C 850°C X

Basic accuracy: Measuring < +0.068 K <$0.14 K <10.12K <10.2K

deviation at 23°C terminal

environment, with averaging,

typ.

Basic accuracy: Measuring <+0.23K <+0.5K <10.25K <10.6 K

deviation at 55°C terminal

environment, with averaging,

typ.

Temperature coefficient 2, typ.|< 1.4 mK/K < 5.8 mK/K < 1.9 mK/K < 6 mK/K

PDO LSB (Legacy Range 0.1/0.01/0.001°C/digit, depending on PDO setting X

only)

") See initial remarks about 2/3-wire operation. The offset specification does not apply in 2-wire operation, as
the offset is increased due to the connection. In 2-wire operation, an offset compensation is to be carried out

after installation; refer to the ELM's internal functions Tare (chapter "ELM Features”/ “Tare" [P_000]) or Zero
Offset (chapter "ELM Features”/ “ZeroOffset” [»_000]). The given offset specification of the terminal thus plays

practically no further part. The offset deviation of a resistance measurement can change over time, therefore

Beckhoff recommends a regular offset compensation or attentive monitoring of the change.

2) The temperature coefficient, i.e. the change in the measured temperature value in relation to the change in
the ambient temperature of the terminal, is not constant, as can be seen in the following plot. The value at a
sensor temperature of 0 °C is given here as an orientation value. Further values can be taken from the plot.

Measurement uncertainty for Pt500 in the electr. measuring range 2000 Q, 4-wire connection:

basic specification (FSV = 2000 Ohm)
basic accuracy: 50 ppmFSV
0.36 offet specification: 8 ppmFSV

0.34 gain specification: 44 ppm

linearity specification: 22 ppmFSV
0.32 repeatability specification: 5 ppmFSV
0.3 offset temp. coeff.: 0.5 ppmFSV/K

gain temp. coeff.: 5 ppm/K

0
-200-150-100 -50 0 50

RTD specification
RTD type: Pt500
lin. range: —200 °C to 850 °C

recom. range: —200 °C to 850 °C

at 55°C ambient: +/- 0.23 °C

at 23°C ambient: +/- 0.068 °C

temp. coeff. (0°C meas.): 1.4 mK/K

ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt500, 4Wire

at 23°C device ambient temp. =

at 39°C device ambient temp.

at 55°C device ambient temp. ~ *
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RTD measurement temp

erature [°C]
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Measurement uncertainty for Pt500 in the electr. measuring range 2000 Q, 3-wire connection:

0.8
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measurement deviation +/—
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basic specification (FSV = 2000 Ohm) RTD specification
basic accuracy: 100 ppmFSV RTD type: Pt500
offet specification: 60 ppmFSV lin. range: —200 °C to 850 °C
gain specification: 60 ppm recom. range: —200 °C to 850 °C
linearity specification: 50 ppmFSV at 23°C ambient: +/- 0.14 °C
repeatability specification: 20 ppmFSV at 55°C ambient: +/- 0.5 °C
offset temp. coeff.: 5 ppmFSV/K temp. coeff. (0°C meas.): 5.8 mK/K
gain temp. coeff.: 10 ppm/K

ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt500, 3Wire

RTD measurement temperature [°C]

at 23°C device ambient temp. ——

at 39°C device ambient temp.

at 55°C device ambient temp.
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Measurement uncertainty for Pt500 in the electr. measuring range 5000 Q, 4-wire connection:
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basic specification (FSV = 5000 Ohm) RTD specification
basic accuracy: 60 ppmFSV RTD type: Pt500
offet specification: 5 ppmFSV lin. range: —200 °C to 850 °C
gain specification: 54 ppm recom. range: —200 °C to 850 °C
linearity specification: 25 ppmFSV at 23°C ambient: +/- 0.12 °C
repeatability specification: 5 ppmFSV at 55°C ambient: +/- 0.25 °C
offset temp. coeff.: 0.5 ppmFSV/K temp. coeff. (0°C meas.): 1.9 mK/K
gain temp. coeff.: 5 ppm/K

ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt500, 4Wire

0
-200-150-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
RTD measurement temperature [°C]

at 23°C device ambient temp., =

at 39°C device ambient temp.

at 55°C device ambient temp.
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Measurement uncertainty for Pt500 in the electr. measuring range 5000 Q, 3-wire connection:

1 . ! !
basic specification (FSV = 5000 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 80 ppmFSV RTD type: Pt500
0.9 offet specification: 25 ppmFSV lin. range: —200 °C to 850 °C at39°C device ambient temp.
gain specification: 60 ppm recom. range: —200 °C to 850 °C
linearity specification: 45 ppmFSV at 23°C ambient: +/- 0.2 °C at 55°C device ambient temp
0.8 repeatability specification: 10 ppmFSV at 55°C ambient: +/— 0.6 °C
offset temp. coeff.: 2 ppmFSV/K temp. coeff. (0°C meas.): 6 mK/K

gain temp. coeff.: 12 ppm/K
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ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt500, 3Wire
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3.13.2.5.6 PT1000 specification

Electrical measuring range [2000 Q 5000 Q Applicable

used also for
ELM3704
-1001 =X

Connection 4-wire 2/3-wire " 4-wire 2/3-wire " X

Starting value -200°C -200°C X

End value 266°C 850°C X

Basic accuracy: Measuring <+0.028 K < $0.056 K < 10.085 K <10.13K

deviation at 23°C terminal

environment, with averaging,

typ.

Basic accuracy: Measuring <0.094 K <+0.21K <+0.24 K <+0.54 K

deviation at 55°C terminal

environment, with averaging,

typ.

Temperature coefficient 2, < 1.4 mK/K < 3.7 mK/K < 1.5 mK/K <4 mK/K

type

PDO LSB (Legacy Range 0.1/0.01/0.001°C/digit, depending on PDO setting X

only)

") See initial remarks about 2/3-wire operation. The offset specification does not apply in 2-wire operation, as
the offset is increased due to the connection. In 2-wire operation, an offset compensation is to be carried out
after installation; refer to the ELM's internal functions Tare (chapter “ELM Features”/ “Tare” [P 000]) or Zero

Offset (chapter "ELM Features”/ "ZeroOffset” [P 000]). The given offset specification of the terminal thus plays

practically no further part. The offset deviation of a resistance measurement can change over time, therefore
Beckhoff recommends a regular offset compensation or attentive monitoring of the change.

2) The temperature coefficient, i.e. the change in the measured temperature value in relation to the change in
the ambient temperature of the terminal, is not constant, as can be seen in the following plot. The value at a
sensor temperature of 0 °C is given here as an orientation value. Further values can be taken from the plot.

Measurement uncertainty for Pt1000 in the electr. measuring range 2000 Q, 4-wire connection:

o
[N

basic specification (FSV = 2000 Ohm)
basic accuracy: 50 ppmFSV
offet specification: 8 ppmFSV

o
—y
©

gain specification: 44 ppm

linearity specification: 22 ppmFSV
repeatability specification: 5 ppmFSV
offset temp. coeff.: 0.5 ppmFSV/K

o
o
»

gain temp. coeff.: 5 ppm/K

measurement deviation +/— [°(c)>]
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RTD specification
RTD type: Pt1000
lin. range: -200 °C to 266 °C
recom. range: —200 °C to 266 °C
at 23°C ambient: +/- 0.028 °C
at 55°C ambient: +/— 0.094 °C
temp. coeff. (0°C meas.): 1.4 mK/K

ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt1000, 4Wire
0
-200 -175 -150 -125 -100 -75 -50 -25 O 25 50 75 100 125 150

RTD measurement temperature [°C]

at 23°C device ambient temp. ——
at 39°C device ambient temp.

at 55°C device ambient temp.  *

175 200 225 250
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Measurement uncertainty for Pt1000 in the electr. measuring range 2000 Q, 3-wire connection:

0.3
basic specification (FSV = 2000 Ohm) RTD specification at 23°C device ambient temp. ——
0.28 basic accuracy: 100 ppmFSV RTD type: Pt1000
offet specification: 60 ppmFSV lin. range: —200 °C to 266 °C a1 39°C device ambient temp.
0.26 gain specification: 60 ppm recom. range: —200 °C to 266 °C
linearity specification: 50 ppmFSV at 23°C ambient: +/- 0.056 °C at 55°C device ambient temp
0.24 repeatability specification: 20 ppmFSV at 55°C ambient: +/- 0.21 °C
offset temp. coeff.: 5 ppmFSV/K temp. coeff. (0°C meas.): 3.7 mK/K
0.22 gain temp. coeff.: 10 ppm/K
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ELM3704-00x0, ELM3702-00x0, 2000 Ohm Range, Pt1000, 3Wire

-200 -175 -150 -125 -100 -75 -50 -25 O 25 50 75 100 125 150 175 200 225 250
RTD measurement temperature [°C]

Measurement uncertainty for Pt1000 in the electr. measuring range 5000 Q, 4-wire connection:

0.4 :
0.38 basic specification (FSV = 5000 Ohm) RTD specification at 23°C device ambient temp. ——
) basic accuracy: 60 ppmFSV RTD type: Pt1000
0.36 offet specification: 5 ppmFSV lin. range: —200 °C to 850 °C at 39°C device ambient temp.
0.34 gain specification: 54 ppm recom. range: —200 °C to 850 °C
' linearity specification: 25 ppmFSV at 23°C ambient: +/- 0.085 °C at 55°C device ambient temp.
0.32 repeatability specification: 5 ppmFSV at 55°C ambient: +/- 0.24 °C
0.3 offset temp. coeff.: 0.5 ppmFSV/K temp. coeff. (0°C meas.): 1.5 mK/K
’ gain temp. coeff.: 5 ppm/K
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ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt1000, 4Wire
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RTD measurement temperature [°C]
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Measurement uncertainty for Pt1000 in the electr. measuring range 5000 Q, 3-wire connection:

0.9 . . :
basic specification (FSV = 5000 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 80 ppmFSV RTD type: Pt1000
0.8 offet specification: 25 ppmFSV lin. range: —200 °C to 850 °C a1 39°C device ambient temp.
gain specification: 60 ppm recom. range: —200 °C to 850 °C
linearity specification: 45 ppmFSV at 23°C ambient: +/- 0.13 °C at 55°C device ambient temp
0.7 repeatability specification: 10 ppmFSV at 55°C ambient: +/— 0.54 °C
. offset temp. coeff.: 2 ppmFSV/K temp. coeff. (0°C meas.): 4 mK/K
gain temp. coeff.: 12 ppm/K
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ELM3704-00x0, ELM3702-00x0, 5000 Ohm Range, Pt1000, 3Wire
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RTD measurement temperature [°C]
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3.13.2.5.7 NI100 specification

Electrical measuring range [200 Q 500 Q 2000 Q 5000 Q Applicable

used also for
ELM3704
-1001 = X

Connection 4-wire 2/3-wire " |4-wire 2/3-wire " |4-wire 2/3-wire " |4-wire 2/3-wire " |X

Starting value -60°C -60°C -60°C -60°C X

End value 151°C 250°C 250°C 250°C X

Basic accuracy: Measuring <+0.024 |<10.15K [<0.033 |<+0.19K |<10.11 K |<0.35 K |< +£0.28 K |< £0.57 K

deviation at 23°C terminal K K

environment, with averaging,

typ.

Basic accuracy: Measuring <0.046 |<+0.32K|<+0.053 [<+0.34 K|<+0.13K|<%0.77 K |[<+0.33 K |<+0.89 K

deviation at 55°C terminal K K

environment, with averaging,

typ.

Temperature coefficient , typ. |< 1.1 mK/ |< 7.6 mK/ |< 1.3 mK/ |< 7.5 mK/ |[< 2.1 mK/ |[< 19 mK/ |< 4.7 mK/ |< 19 mK/

K K K K K K K K
PDO LSB (Legacy Range 0.1/0.01/0.001°C/digit, depending on PDO setting X
only)

") See initial remarks about 2/3-wire operation. The offset specification does not apply in 2-wire operation, as
the offset is increased due to the connection. In 2-wire operation, an offset compensation is to be carried out
after installation; refer to the ELM's internal functions Tare (chapter "ELM Features”/ "Tare” [P_000]) or Zero
Offset (chapter "ELM Features”/ "ZeroOffset” [P 000]). The given offset specification of the terminal thus plays
practically no further part. The offset deviation of a resistance measurement can change over time, therefore
Beckhoff recommends a regular offset compensation or attentive monitoring of the change.

2) The temperature coefficient, i.e. the change in the measured temperature value in relation to the change in
the ambient temperature of the terminal, is not constant, as can be seen in the following plot. The value at a
sensor temperature of 0 °C is given here as an orientation value. Further values can be taken from the plot.

Measurement uncertainty for Ni100 in the electr. measuring range 200 Q, 4-wire connection:

0.1
basic specification (FSV = 200 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 70 ppmFSV RTD type: Ni100
0.09 offet specification: 45 ppmFSV lin. range: -60 °C to 151 °C at 39°C device ambient temp.
gain specification: 45 ppm recom. range: —60 °C to 151 °C
linearity specification: 25 ppmFSV at 23°C ambient: +/- 0.024 °C at 55°C device ambient temp.  +
0.08 repeatability specification: 5 ppmFSV at 55°C ambient: +/- 0.046 °C
offset temp. coeff.: 1.5 ppmFSV/K temp. coeff. (0°C meas.): 1.1 mK/K
gain temp. coeff.: 5 ppm/K
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ELM3704-00x0, ELM3702-00x0, 200 Ohm Range, Ni100, 4Wire
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Measurement uncertainty for Ni100 in the electr. measuring range 200 Q, 3-wire connection:

0.5
basic specification (FSV = 200 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 350 ppmFSV RTD type: Ni100
0.45 offet specification: 290 ppmFSV lin. range: -60 °C to 151 °C a1 39°C device ambient temp.
gain specification: 130 ppm recom. range: 60 °C to 151 °C
linearity specification: 125 ppmFSV at 23°C ambient: +/- 0.15 °C at 55°C device ambient temp
0.4 repeatability specification: 75 ppmFSV at 55°C ambient: +/- 0.32 °C
offset temp. coeff.: 20 ppmFSV/K temp. coeff. (0°C meas.): 7.6 mK/K
gain temp. coeff.: 10 ppm/K
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ELM3704-00x0, ELM3702-00x0, 200 Ohm Range, Ni100, 3Wire
0
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RTD measurement temperature [°C]

Measurement uncertainty for Ni100 in the electr. measuring range 500 Q, 4-wire connection:

0.1
basic specification (FSV = 500 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 50 ppmFSV RTD type: Ni100
0.09 offet specification: 15 ppmFSV lin. range: -60 °C to 250 °C a1 39°C device ambient temp.
gain specification: 40 ppm recom. range: —60 °C to 250 °C
linearity specification: 25 ppmFSV at 23°C ambient: +/- 0.033 °C at 55°C device ambient temp.
0.08 repeatability specification: 5 ppmFSV at 55°C ambient: +/- 0.053 °C
offset temp. coeff.: 1 ppmFSV/K temp. coeff. (0°C meas.): 1.3 mK/K
gain temp. coeff.: 5 ppm/K
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ELM3704-00x0, ELM3702-00x0, 500 Ohm Range, Ni100, 4Wire
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Measurement uncertainty for Ni100 in the electr. measuring range 500 Q, 3-wire connection:

0.5
basic specification (FSV = 500 Ohm) RTD specification at 23°C device ambient temp. ——
basic accuracy: 200 ppmFSV RTD type: Ni100
0.45 offet specification: 145 ppmFSV lin. range: -60 °C to 250 °C a1 39°C device ambient temp.
gain specification: 100 ppm recom. range: —-60 °C to 250 °C
linearity specification: 75 ppmFSV at 23°C ambient: +/- 0.19 °C at 55°C device ambient temp
0.4 repeatability specification: 50 ppmFSV at 55°C ambient: +/- 0.34 °C
offset temp. coeff.: 8 ppmFSV/K temp. coeff. (0°C meas.): 7.5 mK/K
gain temp. coeff.: 8 ppm/K
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