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BEGKHOFF Foreword

1 Foreword
1.1 Product overview Analog Thermocouple Input
Terminals

EL3311 > 17]

1 channel thermocouple input terminal

EL3312 [» 35]

2 channel thermocouple input terminal

EL3314 [» 53]

4 channel thermocouple input terminal

EL3314-0002 [» 72]
4-channel input terminal, thermocouple, high-precision, electrically isolated

EL3314-0010 [» 911
4 channel thermocouple input terminal, high-precision

EL3314-0020 [»_110]
4 channel thermocouple input terminal, high-precision, with Beckhoff calibration certificate [»_201]

EL3314-0030 [»_129]
4 channel thermocouple input terminal, high-precision, with external calibration certificate [»_201]

EL3314-0090 [»_148]
4 channel thermocouple input terminal, TwinSAFE Single Channel

EL3318 [»_168
8 channel HD thermocouple input terminal

EL33xx-00x0 Version: 5.1 7
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1.2 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.

It is the duty of the technical personnel to use the documentation published at the respective time of each
installation and commissioning.

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.

8 Version: 5.1 EL33xx-00x0
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1.3 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.

Description of instructions

In this documentation the following instructions are used.
These instructions must be read carefully and followed without fail!

A DANGER

Serious risk of injury!
Failure to follow this safety instruction directly endangers the life and health of persons.

Risk of injury!
Failure to follow this safety instruction endangers the life and health of persons.

A CAUTION

Personal injuries!
Failure to follow this safety instruction can lead to injuries to persons.

NOTE

Damage to environment/equipment or data loss
Failure to follow this instruction can lead to environmental damage, equipment damage or data loss.

@® Tip or pointer
1 This symbol indicates information that contributes to better understanding.

©

EL33xx-00x0 Version: 5.1
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1.4 Documentation issue status
Version Comment
5.1 - Update “Object description and parameterization”

- Update structure
- Update revision status

5.0 - Update structure
- Update chapter “Technical data”
- Update chapter “Version identification”

4.9 - Update structure
- Update chapter “Technical data”, specification notes added
- EL3314-0030 added

4.8 - Update structure

- Update chapter “Technical data”

- EL3314-0020 added

- Update chapter “Technology Temperature measurement with thermocouples”

4.7 - Update structure: chapter “introduction”

4.6 - Update chapter “Technical data”

- Chapter "Commissioning": addenda subchapter "Basics about signal isolators, barriers"
- Update chapter “Object description”

- Update structure

4.5 - Update chapter “Technical data”
- Update structure
4.4 - Update chapter “UL notice”

- Update chapter “Firmware compatibility”
- Update structure

4.3 - Update chapter “Operation with an external cold junction”
- Update structure
- Update revision status

4.2 - Update chapter “Technical data”

- Update chapter “Wire break detection”
- Update chapter “TwinSAFE SC”

- Update revision status

41 - Update chapter “Technical data”

4.0 - EL3314-0002 added
- Update chapter “Technical data”
- Example program added

3.9 - Update chapter “Object description and parameterization”
- Update chapter “Commissioning”
3.8 - Update chapter “Object description”

- Update structure
- Update revision status

3.7 - EL3314-0090 added
- Update chapter “Technical data”
- Update revision status

3.6 - Update chapter "Technical data"

- Addenda chapter "Instructions for ESD protection"

- Chapter “Analog technical notices - specifications” replaced by chapter “Notices on analog specifications”
- Update revision status

3.5 - Update chapter “Object description and parameterization”
- External cold junction compensation added to be available for EL3314-0010
3.4 - Update chapter "Notes on the documentation”

- Correction of Technical data
- Addenda chapter "TwinCAT Quick Start"
- Update revision status

3.3 - Addenda chapter “Operation with an external reference point”
- Update structure
3.2 - Addenda chapter “Analog technical notices - specifications”

- Update chapter "Technical data"
- Update revision status

3.1 - Update chapter "Technical data"Update revision status
- Corrections in chapter "Calculation of process data"

10 Version: 5.1 EL33xx-00x0
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Version Comment
3.0 - First publication in PDF format
- Update structure
- Corrections in chapter "Calculation of process data"
2.6 - Update chapter "Technical data"
- Addenda chapter "Installation instructions for enhanced mechanical load capacity"
- Update structure
- Update revision status
25 - Update chapter "LEDs and connection"
- Update revision status
2.4 - Update chapter "Process data"
- Update chapter "Technical data"
2.3 - Update chapter "Technical data"
2.2 - Update chapter "Object description" and "Technical data":
2.1 - EL3314-0010 added
- Update chapter "Process data"
21 - EL3314-0010 added
- Update chapter "Process data"
2.0 - EL3318 added
- Update Technical data
- Update chapter "Process data"
1.9 - Update Technical data
- New structure
1.8 - Addenda technical notes
1.7 - Addenda technical notes
1.6 - Addenda technical notes
1.5 - Addenda technical notes
1.4 - Addenda Technical data and CoE objects
1.3 - Connection diagrams corrected
1.2 - Technical data added
1.1 - Technical data added (CoE objects)
1.0 - Technical data added, first public issue
0.1 - Provisional documentation for EL33xx
EL33xx-00x0 Version: 5.1 11
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1.5 Version identification of EtherCAT devices
1.5.1 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 (4-channel thermocouple |0000 (basic type) |0016
(12 mm, non- terminal)
pluggable connection
level)

ES3602-0010-0017 |ES terminal 3602 (2-channel voltage 0010 (high- 0017
(12 mm, pluggable measurement) precision version)
connection level)

CU2008-0000-0000 |CU device 2008 (8-port fast ethernet switch) | 0000 (basic type) (0000

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.

* 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. “EL5021 EL terminal,
standard IP20 10 device with batch number and revision ID (since 2014/01)”.

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

1.5.2 Version identification of EL 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

KK - week of production (CW, calendar week)
YY - year of production

FF - firmware version

HH - hardware version

12 Version: 5.1 EL33xx-00x0
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Example with
Ser. no.: 12063A02: 12 - production week 12 06 - production year 2006 3A - firmware version 3A 02 -
hardware version 02

SerNr.. 01200815 RevNr: 0022

EL2872

16 x digital output
2AVDCIO5A

Fig. 1: EL2872 with revision 0022 and serial number 01200815

1.5.3 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.

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. The data under
positions 1 to 4 are always available.

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

EL33xx-00x0 Version: 5.1 13
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Posi- Type of Explanation Data Number of digits Example
tion |information identifier |incl. data identifier
1 Beckhoff order Beckhoff order number |1P 8 1P072222
number
2 Beckhoff Traceability|lUnique serial number, |S 12 SBTNk4p562d7
Number (BTN) see note below
3 Article description Beckhoff article 1K 32 1KEL1809
description, e.g.
EL1008
4 Quantity Quantity in packaging |Q 6 Q1
unit, e.g. 1, 10, etc.
5 Batch number Optional: Year and week |2P 14 2P401503180016
of production
6 ID/serial number Optional: Present-day 518 12 515678294
serial 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:

1P072222SBTNk4p562d71KEL1809 Q1 51S678294
Accordingly as DMC:

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 with-
out prior notice. No claims for changes can be made from the information, illustrations and descriptions in
this information.

14 Version: 5.1 EL33xx-00x0
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1.5.4 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.

Decisive for the electronic readout is the interface via which the product can be electronically addressed.

K-bus devices (IP20, IP67)

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

EtherCAT devices (IP20, IP67)

All Beckhoff EtherCAT devices have a so-called ESI-EEPROM, which contains the EtherCAT identity with
the revision number. Stored in it is the EtherCAT slave information, also colloquially known as ESI/XML
configuration file for the EtherCAT master. See the corresponding chapter in the EtherCAT system manual
(chapter 3) for the relationships.

The eBIC is also stored in the ESI-EEPROM. The eBIC was introduced into the Beckhoff I/O production
(terminals, boxes) from 2020; widespread implementation is expected in 2021.
The user can electronically access the eBIC (if existent) as follows:
« With all EtherCAT devices, the EtherCAT master (TwinCAT) can read the eBIC from the ESI-EEPROM
o From TwinCAT 4024.11, the eBIC can be displayed in the online view.

> To do this,
check the checkbox "Show Beckhoff Identification Code (BIC)" under
EtherCAT — Advanced Settings — Diagnostics:

o The BTN and its contents are then displayed:

General  Adspter EtherCAT Orline  CoE - Oniine

TwinCAT Project30 & X
General Adapter EtherCAT  Online  CoE - Orline
Advanced Settings
Netld 169.254.124.140.2.1 Advanced Setiings.
State Machine Online View
Export Corfiguration Fie Cyclc Frames
: 0000 ‘ESC Rev./Type'
Sync Unit Assignment - Distributed Clocks jnmz o= Eerd_ ype A | |00D0 Add
{ Eof Support [[]0002 ESC Bui i
: []0004 'SM/FMMU Crit
Topology... i Redundancy (0006 ‘Ports/DPRAM' [ Show Change Courters
# ency (0008 Features’ (State Changes / Not Present)
[F-Diagnosis (100710 Phys Addr' .
Frame Cmd  Addr len  WC  SyncUnit Cycle fms)  Utilizatiol (110012 Configured Station Alias Show Production Infa
[[]0020 ‘Register Protect’
Mo R oowoos 1 1 <defauit> 4000 []0030 ‘Access Protect’
Mo BRD  o0D00OCID 2 2 4000 017 (10040 ‘ESC reset’ Show Beckhofl Identfication
017 [J0100 ESC Gl Code(BIC)
[]0102 ESC CrEx’
[]0108 Phys. RW Offset”
[]0110 ESC Status’
J0120 AL

No Addr  Name Sate CRC Fw Hw Production Data RemNo BTN Description Quantity BatchMNo SeraiNo
1 1001 Tem 1(EKT100) oP 0.0 0 0 -
82 1002 Tem2ELING oP 0.0 0 0 2020 KW36Fr orz2n2 kdpS62d7 EL1809 1 678234
M3 1003 Tem 3(ELIG oF 0.0 7 6 2012 KW24 53
™ 4 1008 Temm4(EL2004) oP 0.0 0 0 - 72223 kdpS62d7  EL2004 1 678255
§5 1005 Tem S(ELI00D oP 0.0 0 0
™6 1006 Tem 6(EL200S) oP 0.0 0 12 2014 KW14 Mo
"7 1007 Tem 7EKIND oP 0 1 8 2012 KW25 Mo

o Note: as can be seen in the illustration, the production data HW version, FW version and
production date, which have been programmed since 2012, can also be displayed with "Show
Production Info".

* In the case of EtherCAT devices with CoE directory, the object 0x10E2:01 can additionally by used to
display the device's own eBIC; the PLC can also simply access the information here:
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> The device must be in SAFEOP/OP for access:

Index Hame Flags
1000 Devion bype RO
1008 Deviize name RO
1003 Hardware verson RO
1004, Softwars vermon RO
1008 Beatloader version RO

1010 Faestons defaull parameters RO

+ 10180 Identty 28]

= 10E2:0 Marudacturerspechic iertficaionC.. RO

T0EZ:01  Sublindex 001 RO

« - 10F0:0 Backup parsmeter handing RO

+ 10F3:0 Ciagnoais Hesloey RO
10F3 Actual Tams Stamp RO

Value

De15E 1389 (Z2342601)
ELM3I704-0000

1]

01

01270

3

4

31«

1P 153442 5ETHO0Oeko TKELMITDE
»1«

21 %

01 7027 7e

Q1 2P4E200100001%6

o the object 0x10E2 will be introduced into stock products in the course of a necessary firmware

revision.

* Note: in the case of electronic further processing, the BTN is to be handled as a string(8); the identifier
"SBTN" is not part of the BTN.

Technical background
The new BIC information is additionally written as a category in the ESI-EEPROM during the device
production. The structure of the ESI content is largely dictated by the ETG specifications, therefore the
additional vendor-specific content is stored with the help of a category according to ETG.2010. ID 03
indicates to all EtherCAT masters that they must not overwrite these data in case of an update or
restore the data after an ESI update.
The structure follows the content of the BIC, see there. This results in a memory requirement of
approx. 50..200 bytes in the EEPROM.

» 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 with 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 Ox10E2:nn.

Profibus/Profinet/DeviceNet... Devices

Currently, no electronic storage and readout is planned for these devices.
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2 Product description

2.1 EL3311

211 Introduction

When using grounded
thermocouples, observe
the notes on the

max. permissible
potential differences

+TC1 ' .JJ Q +TC T
olfo,;

Power contact —-— <

+24V

GND . fg El

Power contact 0V _. — !

LN
“ « Shield

Shield
£L3311 :
BECKHOFF i ;
=SS = L T i}
et |
Top view Comtact assembly Connection
Fig. 4: EL3311

1 channel analog thermocouple input terminals with open-circuit recognition

The EL3311 analog input terminals allow the direct connection of thermocouples. The EtherCAT Terminals

circuit can operate thermocouple sensors using the 2-wire technique. Linearization over the full temperature
range is realized with the aid of a microprocessor. The temperature range can be selected freely. The error

LEDs indicate a broken wire. Compensation for the cold junction is made through an internal temperature

measurement at the terminals. The EL33xx can also be used for mV measurement.

Quick links
» EtherCAT basics
* Technology EL33xx [P 188]

» CoE object description and parameterization [P 329]

* Process data and operation modes [» 313]

EL33xx-00x0 Version: 5.1
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2.1.2 Technical data

21.21 General technical data

Analog inputs

EL3311

Number of inputs

1

Thermocouple sensor types, measured variables

Types B, C, E, J,K, L, N, R, S, T, U (default setting type K), mV measurement

Connection technology

2-wire

Maximum cable length to the thermocouple

30 m (without protective measures), suitable surge protection must be provided
for longer cable lengths

Resolution

Internal 16-bit

Conversion time

approx. 2.5 s to 20 ms,
depending on the configuration and filter setting; default: approx. 250 ms

Input filter cut-off frequency

1 kHz typ.

Software filter

5 Hz... 30 kHz, adjustable, notch characteristic; preset: disabled

Open-circuit recognition

yes

Supports NoCoEStorage [P 218] function

yes, from firmware 01

Voltage measurement

EL3311

Measuring range, technically usable

approx. = 78 mV

Measuring ranges (nominal) and resolution

+ 30 mV (1 pV per digit, thus max. 32.768 mV can be displayed)
+ 60 mV (2 pV per digit, thus max. 65.536 mV can be displayed)

+ 75 mV (4 pV per digit, thus max. 131 mV can be displayed, observe technical
measuring range)

The measuring ranges 30 and 60 mV are executed in software to increase the
resolution and always use the same electrical measuring range of + 75 mV.

Measurement uncertainty

See Measurement £30 mV...£75 mV [p 20]

Temperature measurement

EL3311

Electrical measuring range used

+75mV

Measuring ranges

Type B: +200...+1800 °C
Type C: 0...+2320 °C
Type E: -100...+1000°C
Type J: -100...+1200 °C
Type K: -200...+1370 °C (preset)
Type L: 0...+900 °C
Type N: -100...+1300 °C
Type R: -50...+1767 °C
Type S: -50...+1760 °C
Type T: -200...+400 °C
Type U: 0...+600 °C

Resolution

Temperature display 0.1/0.01 °C per digit, preset 0.1 °C

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type K: approx. 0.04 °C

Measurement uncertainty

See Thermocouples measurement [P 21]
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Supply and potentials EL3311
Power supply for the electronics via the E-bus
Current consumption via E-bus typ. 200 mA

Differential voltage be-
tween +TC and -TC

Recommended area of
application

respective measuring range

(non-isolated/grounded
TC)

term/continuous

Destruction limit, short-  [£+15V
term/continuous
Max. potential of the Recommended area of [+2V
twisted TC ends to one  |application
another Destruction limit, short-  [£15 V

Max. potential U, (Com-
monMode voltage) of the
twisted TC to GND

Recommended area of
application

Destruction limit, short-
term/continuous

Not applicable because GND is not accessible

Max. potential of twisted |Recommended area of |+30V
TC or GND to SGND or |application
0V power Destruction limit, short-  |+50 V
term/continuous
Electrical isolation: Max. |Recommended area of |500 V
potential of twisted TC or |application and short-
GND to bus side term/continuous destruc-
tion limit
Communication EL3311

Configuration

via TwinCAT System Manager

Width in the process image

max. 16 bytes input,
max. 8 bytes output

Distributed Clocks

Environmental conditions

EL3311

Permissible ambient temperature range during oper-
ation

--25 °C...+60 °C (extended temperature range), from firmware 06

Permissible ambient temperature range during stor-
age

-40°C ... +85°C

Permissible relative air humidity

95%, no condensation

General data EL3311
Dimensions (W x H x D) approx. 15 mm x 100 mm x 70 mm (width aligned: 12 mm)
Weight approx. 60 g

Mounting and wiring [» 222

on 35 mm support rail according to EN 60715

Installation position variable
Standards and approvals EL3311
Protection class IP20

Vibration / shock resistance

conforms to EN 60068-2-6 / EN 60068-2-27,
see also Installation instructions for enhanced mechanical load capacity [» 226

EMC immunity / emission

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

Marking / Approval CE, UKCA, EAC
ATEX [» 205
cULus [» 203
Ex marking
Standard Marking
ATEX 113G ExnAIIC T4 Ge
EL33xx-00x0 Version: 5.1 19
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21.2.2

Specification 30 mV

Note: this measuring range is not a separate electrical measuring range but a digital section of the 75 mV

measuring range

Measurement £30 mV...275 mV

Measurement mode +30 mV
Measuring range, nominal -30...+30 mV
Measuring range, end value (full scale value) 30 mV

PDO resolution 1 uV / digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture

< $0.24%:¢y typ. = < + 0.070 mV

@ 55 °C ambient tempera-
ture’

< £026%;sy typ. = < + 0.077 mV

Offset/zero point deviation (at 23 °C)?  |Fogee <160 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKeain <1pV/IK
TKotset <30 ppm/K

Specification £60 mV

Note: this measuring range is not a separate electrical measuring range but a digital section of the 75 mV

measuring range

Measurement mode +60 mV
Measuring range, nominal -60...+60 mV
Measuring range, end value (full scale value) 60 mV

PDO resolution 2 pV/ digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture

< $0.16%:gy typ. = < + 0.094 mV

@ 55 °C ambient tempera-
ture'

< $0.17%¢gy typ. = <+ 0.10 mV

Offset/zero point deviation (at 23 °C)?  |Fogee <60 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKgain <1 puVvIK
TKorset < 30 ppm/K

Specification +75 mV

Measurement mode 75 mV

Measuring range, nominal -75...+75 mV

Measuring range, end value (full scale value) 75 mV

PDO resolution 4 pV / digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture

< £0.14%qy typ. = < £ 0.11 mV

@ 55 °C ambient tempera-
ture’

< +0.15%5, typ. =< £ 0.12 mV

Offset/zero point deviation (at 23 °C)*  |F et <60 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKeain <1 puVviK
TKoftset < 30 ppm/K

BECKHOFF

' This specification value includes the temperature coefficient for gain (Tkg,,,) and offset (Tkgyeer)-

2 These specifications are already included in the basic accuracy. They are listed here for a detailed,
individual uncertainty consideration.
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21.2.3 Thermocouples measurement

In the measuring range of a specified thermocouple type, a measured voltage is converted internally into a
temperature according to the set transformation. Since the channel measures a voltage internally, the
corresponding measuring error in the voltage measuring range must be used.

The following tables with the specification of the thermocouple measurement apply only when using the
internal cold junction.

The EL331x-00xx 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 EL331x-00xx via the process data for its own calculation. The
effect on the measurement of the thermocouples must then be calculated on the system side.

The specifications for the internal cold junction and the measuring range 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

Specification of the internal cold junction measurement

In the EL3311 each channel has its own cold junction sensor.

Measurement mode Cold junction
Basic accuracy: Measurement deviation at 23 °C, with averaging <+2.0°C
Temperature coefficient ‘Tk <40 mK/K

EL33xx-00x0 Version: 5.1 21
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Specification - thermocouple type B

Temperature measurement thermocouple Type B

Electrical measuring range used + 75 mV

Measuring range, technically usable +600 °C = 1.792 mV ... #1800 °C = 13.591 mV
Measuring range, end value (full scale value) +1800 °C

Measuring range, recommended

+750 °C ... +1800 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type B: approx. 0.05 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 85K =+ 0.47 %eq,

@ 55 °C ambient temper-
ature

+9.7 K== 0.54 Y%pqy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type B:

12
T basic specification (U FSV = 75mV) thermocouple specification al 23°C device ambiond tomp, ——

11 cold junction accuracy: 2 °C thermocouple type B

U excluding gain specification: 60 uV lin. range: 600°C to 1800°C 21 25°C divice ambient emp.

ful U gain specification: 1200 ppm recom. range: 750°C to 1800°C
10 T . cold junction temp. coeff.: 40 mK/K at 23°C ambient; +/- 8.5°C 2t 55°C device nmbisnt lamg.
g 3 U offset temp. coeff.: 1 uW/K at 55°C ambient: +/- 9.7°C
9 2ok U gain temp. coeff.: 30 ppm/K

@

~J

measurement deviation +/— [°C]
o (8] (=]

w

n

EL3311, type B
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1100 1200 1300 1400 1500 1600 1700 1800

thermocouple measurement temperature [°C]
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Specification - thermocouple type C

Temperature measurement thermocouple Type C

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +2320 °C = 37.107 mV
Measuring range, end value (full scale value) +2320 °C

Measuring range, recommended

0°C ... +2000 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type C: approx. 0.07 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 6.2 K=+ 0.27 Y%

@ 55 °C ambient temper-
ature

+7.4K=10.32 %oy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type C:

12
basic specification (U FSV = 75mV) thermocouple specification # 23°C device ambient temp, ——
11 cold junction accuracy: 2 °C thermocouple type C
U excluding gain specification: 60 uV lin. range: 0°C to 2320°C al 35°C devics ambien temg.
U gain specification: 1200 ppm recom. range: 0°C to 2000°C
10 cold junction temp. coeff.; 40 mK/K at 23°C ambient: +/— 6.2°C a1 55°C device ambient temp.  *
U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 7.4°C .
9 U gain temp. coeff.: 30 ppm/K ‘,'
g
— 8
4
+
S 7
8
@
26
=
@
E 5
o
3
©
S 4
E
3
2
1
EL3311, type C
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Specification - thermocouple type E

Temperature measurement thermocouple Type E

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -5.237 mV ... #1000 °C = 76.372 mV
Measuring range, end value (full scale value) +1000 °C

Measuring range, recommended

-100 °C ... +1000 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type E: approx. 0.03 °C

Uncertainty in the recom-
mended measuring
range, with averaging

ature

@ 23 °C ambient temper-

£ 25K =+ 0.25 %eq,

ature

@ 55 °C ambient temper-

+3.0 K= 0.30 %gey

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type E:

6
basic specification (L FEV = 7omV] thermocouple specification 25 davice arbine lemp. ——
55 cald junction accuracy: 2 70 thermacouple type E
N U excluding gain specification: 60 uV lin. range: —100%C to 1000°C 2 9 davicn arrhiar femn
1 gain specification: 1200 ppm recom. ranga: —100°5 to 100070
5 cald junetion temp. coeli_: 40 miiK at 2376 ambient: +/- 2.5°C o B8 device ambient fomp.
Ll affset temp. coatf.: 1 ik at 55°C ambient: +- 37C
45 L gain temp. coefi.: 30 ppmik
3
= 4
T
_5 3.5
=
-
E -.+"'-o+. + .|--+--"'"'"'+""H+"
o IR T TP - aassEEEEE . Bew wen P EEEL b . ’
=25 0 _ N R e
@
$ 2
=
1.9
1
0.5
EL3311, type E
0
—100 1] 100 200 300 400 500 600 700 800 800 1000

thermocouple measurement temperature [aC]
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Specification - thermocouple type J

Temperature measurement thermocouple Type J

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -4.632 mV ... +1200 °C = 69.553 mV
Measuring range, end value (full scale value) +1200 °C

Measuring range, recommended -100 °C ... #1200 °C

PDO LSB 0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type J: approx. 0.04 °C

Uncertainty in the recom- |@ 23 °C ambient temper- |+ 2.7 K= + 0.23 Y%¢sy

mended measuring ature
range, with averaging

@ 55 °C ambient temper- |+ 3.2 K=+ 0.27 Y%¢sy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type J:

G
basic specilication (U FSV = 7T5m\) thermacouple specification B 230 i AEDON Gmp, —
5.5 cold junction accuracy: 2 °C thermocoupla type J
: U exclueding gain specification: 60 uV lin. range: =100°C to 1200°C 12 3 evion s i
U gain specification: 1200 ppm recom. range; =100°C to 1200°C
5 cold junction temp. coeff,; 40 mk/K an 23°C ambient: +/- 2.7°C 4 557 chrvion ashinel g,
U offset lemp. coeff.: 1 uW/K at 55°C ambient: +/- 3.2°C
45 U gain temp. coeff. 30 ppmik
5
'—I' 4
F
§35
@ "
= T L
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Specification - thermocouple type K

Temperature measurement thermocouple Type K

Electrical measuring range used + 75 mV

Measuring range, technically usable -200 °C=-5.891 mV ... +1370 °C = 54.818 mV
Measuring range, end value (full scale value) +1370 °C

Measuring range, recommended

-100 °C ... +1200 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type K: approx. 0.04 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 3.0 K=+ 0.22 %eq,

@ 55 °C ambient temper-
ature

+3.6 K= 0.26 %ey

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type K:

thermocouple specification
thermocouple type K
lin. range: -200°C to 1370°C
recom. range: ~100°C to 1200°C
at 23°C ambient: +/- 3°C
at 55°C ambient: +/- 3.6°C

at 23°C device ambient temp, ———

at 39°C devica ambient temp.

at 55°C device ambient temg,

6
basic specification (U FSV = 75mV)
55 cold junction accuracy: 2 °C
’ U excluding gain specification: 60 uV
L U gain specification: 1200 ppm
5 cold junction temp. coeff.: 40 mK/K
: U offset temp. coeff.: 1 uM/K
45 U gain temp. coeff.: 30 ppm/K
o
4
4
+
535
©
%
2 3
5
£25
o
?
€ 2
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-200 -100 0 100 200 300 400 500
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thermocouple measurement temperature [°C]
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Specification - thermocouple type L

Temperature measurement thermocouple Type L

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +900 °C = 52.430 mV
Measuring range, end value (full scale value) +900 °C

Measuring range, recommended 0°C ... +900°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type L: approx. 0.03 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 2.3 K=+ 0.26 %

@ 55 °C ambient temper-
ature

+2.8K=20.31 Y%pgy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type L:

6

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV
U gain specification: 1200 ppm

5 cold junction temp. coeff.: 40 mK/K

U offset temp. coeff.: 1 uM/K

U gain temp. coeff.: 30 ppm/K

5.5

i
o

S

@
&

g
wn

thermocouple specification
thermocouple type L
lin. range: 0°C to 900°C
recom. range: 0°C to 900°C
at 23°C ambient: +/— 2.3°C
at 55°C ambient: +/- 2,8°C

01 237C device ambien! lemgp, =

a1 39°C device ambien! temp,

2t 55°C deiice ambient tzmp.

na

measurement deviation +/— [°C]
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Specification - thermocouple type N

Temperature measurement thermocouple Type N

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -2.406 mV ... +1300 °C = 47.513 mV
Measuring range, end value (full scale value) +1300 °C

Measuring range, recommended
PDO LSB

0°C ... +1300°C
0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type N: approx. 0.04 °C

Uncertainty in the recom- |@ 23 °C ambient temper- |+ 3.0 K= = 0.23 Y%¢sy

mended measuring ature
range, with averaging

@ 55 °C ambient temper- |+ 3.5 K=+ 0.27 %¢sy
ature

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type N:

6
basic specification (U FSV = 75mV)

55 cold junction accuracy: 2 °C
: U excluding gain specification: 60 uV
U gain specification: 1200 ppm
5 cold junction temp. coeff.: 40 mK/K
U offset temp. coeff.: 1 uV/K

thermocouple specification
thermocouple type N
lin. range: -100°C to 1300°C
recom. range: 0°C to 1200°C
at 23°C ambient: +/- 3°C
at 55°C ambient: +/- 3.5°C

at 23°C device ambient temp, ——

at 39°C device ambiont temp,

at 85°C device ambient temp,

U gain temp. coeff.: 30 ppm/K

=
A (5]

o
w

o
n

no

measurement deviation +/— [°C]
w

—h
o

0.5

EL3311, type N

=100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
thermocouple measurement temperature [°C]
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Specification - thermocouple type R

Temperature measurement thermocouple Type R

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +1767 °C = 21.089 mV
Measuring range, end value (full scale value) +1767 °C

Measuring range, recommended

+250°C ... +1700°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type R: approx. 0.05 °C

Uncertainty in the recom- |@ 23 °C ambient temper-
mended measuring ature
range, with averaging

+6.7 K=+ 0.38 %,

@ 55 °C ambient temper-
ature

+7.7K=20.44 %eq,

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively

in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type R:

12
’ basic specification (U FSV = 75mV) thermocouple specification a1 23°C device ambient termp, ——

T & cold junction accuracy: 2 °C thermocouple type R
U excluding gain specification: 60 uV lin. range: 0°C to 1767°C 21 39°C devics ambient temp.
U gain specification: 1200 ppm recom. range: 250°C to 1700°C

10 . cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/— 6.7°C st 559G devios gmblsnt temp.  #

i U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 7.7°C
9 4 U gain temp. coeff.: 30 ppm/K

os]

~J

measurement deviation +/— [°C]
= (8] (o]
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EL3311, type R
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Specification - thermocouple type S

Temperature measurement thermocouple Type S

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +1760 °C = 17.947 mV
Measuring range, end value (full scale value) +1760 °C

Measuring range, recommended +250°C ... +1700°C

PDO LSB 0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type S: approx. 0.05 °C

Uncertainty in the recom- |@ 23 °C ambient temper- |+ 7.1 K= = 0.40 Y%¢sy

mended measuring ature
range, with averaging

@ 55 °C ambient temper- |+ 8.1 K=+ 0.46 %¢sy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type S:

12
i basic specification (U FSV = 75mV) thermocouple specification at 23°C device amblent temp, ——

11 . cold junction accuracy: 2 °C thermocouple type S

. U excluding gain specification: 60 uV lin. range: 0°C to 1760°C at 39°C device ambient temp,

U gain specification: 1200 ppm recom. range: 250°C to 1700°C
10 * cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 7.1°C at 55°C device ambierd temp,
. U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 8.1°C
9 ; U gain temp. coeff.: 30 ppm/K

measurement deviation +/— [°C]
[e2]

EL3311, type S

0
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

thermocouple measurement temperature [°C]
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Specification - thermocouple type T

Temperature measurement thermocouple Type T

Electrical measuring range used + 75 mV

Measuring range, technically usable -200 °C =-5.603 mV ... +400 °C = 20.872 mV
Measuring range, end value (full scale value) +400 °C

Measuring range, recommended -100°C ... +400°C

PDO LSB 0.1/0.01 °C/digit, depending on PDO setting
Uncertainty in the recom- |@ 23 °C ambient temper- |+ 2.9 K= + 0.73 Y%¢sy

mended measuring ature

range, with averaging

@ 55 °C ambient temper- |+ 3.4 K=+ 0.85 %¢qy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type T:

6
basic specification (U FSV = 75mV} thermocouple specification at 23°C device ambient tomp, ——

55 cold junction accuracy: 2 °C thermocouple type T

’ U excluding gain specification: 60 uV lin. range: —200°C to 400°C al 35°C device ambient temp.

U gain specification: 1200 ppm recom. range: -100°C to 400°C
5. cold junction temp. coeff.: 40 mK/K at 23°C ambient; +/- 2.9°C 1 55°C device ambient teme.
;- U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 3.4°C

45 U gain temp. coeff.: 30 ppm/K

S

w
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measurement deviation +/— [°C]
na w

n

0.5

EL3311,type T

0
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Specification - thermocouple type U

Temperature measurement thermocouple Type U

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +600 °C = 33.600 mV
Measuring range, end value (full scale value) +600 °C

Measuring range, recommended 0°C ... +600°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type U: approx. 0.02 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

£ 25K =+ 0.42 Y%eq,

@ 55 °C ambient temper-
ature

+2.9K=10.48 %pqy

Temperature coefficient
(Change in the measured

value in relation to the

change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type U:

6

5.5
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measurement deviation +/- [°C]
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EL3311, type U
0
0 50 100 150 200 250

basic specification (U FSV = 75mV)

thermocouple specification a1 23°C device ambiont tomp. ——

cold junction accuracy: 2 °C

U excluding gain specification: 60 uV

U gain specification: 1200 ppm

cold junction temp. coeff.: 40 mK/K

U offset temp. coeff.: 1 uV/K
U gain temp. coeff.: 30 ppm/K

thermocouple type U

lin. range: 0°C to 600°C

recom. range: 0°C to 600°C
at 23°C ambient: +/— 2.5°C
at 55°C ambient: +/- 2.9°C

al 39°C devics ambiant temp.

at 55°C device ambient temp,

300 350 400 450 500 550 600

thermocouple measurement temperature [°C]
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21.3 Connection

+TC1

Power contact ———
+24V

GND @@ N T El
Power contact 0V . — :

. L
Shield 9@ - shien g

£330 : q :

BECKHOFF ; :

B 3 mmnmy §

Top view Contact assembly

Fig. 5: EL3311

EL3311 - Connection

When using grounded
thermocouples, observe
the notes on the

max. permissible
potential differences

+TC -TC

Connection

Terminal point [No. |Comment

Input +TC1 1 Input +TC1

n.c. 2 not connected

GND 3 Ground (internally connected with terminal point 7)
Shield 4 Shield (internally connected to terminal point 8)
Input -TC1 5 Input -TC1

n. c. 6 not connected

GND 7 Ground (internally connected with terminal point 3)
Shield 8 Shield (internally connected to terminal point 4)

® Earthed thermocouples

1 Observe for earthed thermocouples: Differential inputs max. + 2 V to ground!

EL33xx-00x0 Version: 5.1
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21.4

Display, diagnostics

EL3311 - LEDs

LED Color |Meaning
RUN green |This LED indicates the terminal's operating state:
off State of the EtherCAT State Machine: INIT = initialization of the
terminal
flashing State of the EtherCAT State Machine: PREOP = function for mailbox
uniformly communication and different standard-settings set
flashing slowly |State of the EtherCAT State Machine: SAFEOP = verification of the
sync manager channels and the distributed clocks.
Outputs remain in safe state
on State of the EtherCAT State Machine: OP = normal operating state;
mailbox and process data communication is possible
flashing rapidly |State of the EtherCAT State Machine: BOOTSTRAP = function for
terminal firmware updates
ERROR1 red Short circuit or wire breakage. The voltage is in the invalid range of the characteristic
curve
34 Version: 5.1 EL33xx-00x0
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2.21 Introduction

0708 : When using grounded
Fun LED " Error LED1 i ; thermocouples, observe
Run LED " fmms <« ErrorLED2 : rivavsrll

— : max. permissible

- i i potential differences

L ICH™()-

[ R

..

+TC1

+TC ~‘ ’7-TE

;'Tofuzer contact —r—.. . e : _{ " ”
+24V a0 8 .

- P g
GND .09 o 29

Power contact 0V _. — il

- -
Shield ‘ & . Shield

Top view Contact assembly Connection

Fig. 6: EL3312

2 channel analog thermocouple input terminals with open-circuit recognition

The EL3312 analog input terminals allow the direct connection of thermocouples. The EtherCAT Terminals

circuit can operate thermocouple sensors using the 2-wire technique. Linearization over the full temperature
range is realized with the aid of a microprocessor. The temperature range can be selected freely. The error

LEDs indicate a broken wire. Compensation for the cold junction is made through an internal temperature

measurement at the terminals. The EL33xx can also be used for mV measurement.

Quick links
« EtherCAT basics
e Technology EL33xx [P 188]

» CoE object description and parameterization [P 337]

» Process data and operation modes [» 313]

EL33xx-00x0 Version: 5.1
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2.2.2 Technical data

2.2.21 General technical data

Analog inputs

EL3312

Number of inputs

1

Thermocouple sensor types, measured variables

Types B, C, E, J,K, L, N, R, S, T, U (default setting type K), mV measurement

Connection technology

2-wire

Maximum cable length to the thermocouple

30 m (without protective measures), suitable surge protection must be provided
for longer cable lengths

Resolution

Internal 16-bit

Conversion time

approx. 2.5 s to 20 ms,
depending on the configuration and filter setting; default: approx. 250 ms

Input filter cut-off frequency

1 kHz typ.

Software filter

5 Hz... 30 kHz, adjustable, notch characteristic; preset: disabled

Open-circuit recognition

yes

Supports NoCoEStorage [P 218] function

yes, from firmware 01

Voltage measurement

EL3312

Measuring range, technically usable

approx. = 78 mV

Measuring ranges (nominal) and resolution

+ 30 mV (1 pV per digit, thus max. 32.768 mV can be displayed)
+ 60 mV (2 pV per digit, thus max. 65.536 mV can be displayed)

+ 75 mV (4 pV per digit, thus max. 131 mV can be displayed, observe technical
measuring range)

The measuring ranges 30 and 60 mV are executed in software to increase the
resolution and always use the same electrical measuring range of + 75 mV.

Measurement uncertainty

See Measurement +30 mV...+75 mV [» 38]

Temperature measurement

EL3312

Electrical measuring range used

+75mV

Measuring ranges

Type B: +200...+1800 °C
Type C: 0...+2320 °C
Type E: -100...+1000°C
Type J: -100...+1200 °C
Type K: -200...+1370 °C (preset)
Type L: 0...+900 °C
Type N: -100...+1300 °C
Type R: -50...+1767 °C
Type S: -50...+1760 °C
Type T: -200...+400 °C
Type U: 0...+600 °C

Resolution

Temperature display 0.1/0.01 °C per digit, preset 0.1 °C

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type K: approx. 0.04 °C

Measurement uncertainty

See Thermocouples measurement [»_39]

36
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Supply and potentials EL3312
Power supply for the electronics via the E-bus
Current consumption via E-bus typ. 200 mA

Differential voltage be-
tween +TC and -TC

Recommended area of
application

respective measuring range

(non-isolated/grounded
TC)

term/continuous

Destruction limit, short-  [£+15V
term/continuous
Max. potential of the Recommended area of [+2V
twisted TC ends to one  |application
another Destruction limit, short-  [£15 V

Max. potential U, (Com-
monMode voltage) of the
twisted TC to GND

Recommended area of
application

Destruction limit, short-
term/continuous

Not applicable because GND is not accessible

Max. potential of twisted |Recommended area of |+30V
TC or GND to SGND or |application
0V power Destruction limit, short-  |+50 V
term/continuous
Electrical isolation: Max. |Recommended area of |500 V
potential of twisted TC or |application and short-
GND to bus side term/continuous destruc-
tion limit
Communication EL331

Configuration

via TwinCAT System Manager

Width in the process image

max. 16 bytes input,
max. 8 bytes output

Distributed Clocks

Environmental conditions

EL3312

Permissible ambient temperature range during oper-
ation

--25 °C...+60 °C (extended temperature range), from firmware 06

Permissible ambient temperature range during stor-
age

-40°C ... +85°C

Permissible relative air humidity

95%, no condensation

General data EL3312
Dimensions (W x H x D) approx. 15 mm x 100 mm x 70 mm (width aligned: 12 mm)
Weight approx. 60 g

Mounting and wiring [» 222

on 35 mm support rail according to EN 60715

Installation position variable
Standards and approvals EL3312
Protection class IP20

Vibration / shock resistance

conforms to EN 60068-2-6 / EN 60068-2-27,
see also Installation instructions for enhanced mechanical load capacity [» 226

EMC immunity / emission

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

Marking / Approval CE, UKCA, EAC
ATEX [» 205
cULus [» 203
Ex marking
Standard Marking
ATEX 113G ExnAIIC T4 Ge
EL33xx-00x0 Version: 5.1 37
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2.2.2.2

Specification 30 mV

Note: this measuring range is not a separate electrical measuring range but a digital section of the 75 mV

measuring range

Measurement £30 mV...275 mV

Measurement mode +30 mV
Measuring range, nominal -30...+30 mV
Measuring range, end value (full scale value) 30 mV

PDO resolution 1 uV / digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture

< $0.24%:¢y typ. = < + 0.070 mV

@ 55 °C ambient tempera-
ture’

< £026%;sy typ. = < + 0.077 mV

Offset/zero point deviation (at 23 °C)?  |Fogee <160 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKeain <1pV/IK
TKotset <30 ppm/K

Specification £60 mV

Note: this measuring range is not a separate electrical measuring range but a digital section of the 75 mV

measuring range

Measurement mode +60 mV
Measuring range, nominal -60...+60 mV
Measuring range, end value (full scale value) 60 mV

PDO resolution 2 pV/ digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture

< $0.16%:gy typ. = < + 0.094 mV

@ 55 °C ambient tempera-
ture'

< $0.17%¢gy typ. = <+ 0.10 mV

Offset/zero point deviation (at 23 °C)?  |Fogee <60 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKgain <1 puVvIK
TKorset < 30 ppm/K

Specification +75 mV

Measurement mode 75 mV

Measuring range, nominal -75...+75 mV

Measuring range, end value (full scale value) 75 mV

PDO resolution 4 pV / digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture

< £0.14%qy typ. = < £ 0.11 mV

@ 55 °C ambient tempera-
ture’

< +0.15%5, typ. =< £ 0.12 mV

Offset/zero point deviation (at 23 °C)*  |F et <60 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKeain <1 puVviK
TKoftset < 30 ppm/K

BECKHOFF

' This specification value includes the temperature coefficient for gain (Tkg,,,) and offset (Tkgyeer)-

2 These specifications are already included in the basic accuracy. They are listed here for a detailed,
individual uncertainty consideration.
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2223 Thermocouples measurement

In the measuring range of a specified thermocouple type, a measured voltage is converted internally into a
temperature according to the set transformation. Since the channel measures a voltage internally, the
corresponding measuring error in the voltage measuring range must be used.

The following tables with the specification of the thermocouple measurement apply only when using the
internal cold junction.

The EL331x-00xx 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 EL331x-00xx via the process data for its own calculation. The
effect on the measurement of the thermocouples must then be calculated on the system side.

The specifications for the internal cold junction and the measuring range 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

Specification of the internal cold junction measurement

In the EL3312 each channel has its own cold junction sensor.

Measurement mode Cold junction
Basic accuracy: Measurement deviation at 23 °C, with averaging <+2.0°C
Temperature coefficient ‘Tk <40 mK/K

EL33xx-00x0 Version: 5.1 39
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Specification - thermocouple type B

Temperature measurement thermocouple Type B

Electrical measuring range used + 75 mV

Measuring range, technically usable +600 °C = 1.792 mV ... #1800 °C = 13.591 mV
Measuring range, end value (full scale value) +1800 °C

Measuring range, recommended

+750 °C ... +1800 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type B: approx. 0.05 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 85K =+ 0.47 %eq,

@ 55 °C ambient temper-
ature

+9.7 K== 0.54 Y%pqy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type B:

12

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV
U gain specification: 1200 ppm
z cold junction temp. coeff.: 40 mK/K
e U offset temp. coeff.: 1 uV/K
B U gain temp. coeff.: 30 ppm/K

w

~J

measurement deviation +/— [°C]
S (8] (s3]

w

o]

EL3312, type B
800 900

%00 700 1000

thermocouple specification
thermocouple type B
lin. range: 600°C to 1800°C
recom. range: 750°C to 1800°C
at 23°C ambient: +/- 8.5°C
at 55°C ambient: +/- 9.7°C

at Z3°C device ambient temp, ——

at 33°C device ambient Lemp.

at 55°C device ambient temp.

1100 1200 1300 1400 1500 1600 1700 1800

thermocouple measurement temperature [°C)
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Specification - thermocouple type C

Temperature measurement thermocouple Type C

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +2320 °C = 37.107 mV
Measuring range, end value (full scale value) +2320 °C

Measuring range, recommended

0°C ... +2000 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type C: approx. 0.07 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 6.2 K=+ 0.27 Y%

@ 55 °C ambient temper-
ature

+7.4K=10.32 %oy

Temperature coefficient

(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type C:

12

11

measurement deviation +/- [°C] L
w £ (92} (o2} ~ o] w0 o

n

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV

thermocouple specification
thermocouple type C
lin. range: 0°C to 2320°C

al 23°C device ambient temp, =——

a1 35°C device ambient temp.

U gain specification: 1200 ppm
cold junction temp. coeff.: 40 mK/K
U offset temp. coeff.: 1 uV/K

U gain temp. coeff.: 30 ppm/K

recom. range: 0°C to 2000°C
at 23°C ambient: +/- 6.2°C
at 55°C ambient: +/— 7.4°C

at 55°C device ambient temp,  *

EL3312, type C

0 150 300
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900 1050 1200 1350 1500 1650 1800 1950 2100 2250

thermocouple measurement temperature [°C]
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Specification - thermocouple type E

Temperature measurement thermocouple Type E

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -5.237 mV ... #1000 °C = 76.372 mV
Measuring range, end value (full scale value) +1000 °C

Measuring range, recommended

-100 °C ... +1000 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type E: approx. 0.03 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

£ 25K =+ 0.25 %eq,

@ 55 °C ambient temper-
ature

+3.0 K= 0.30 %gey

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type E:

6
basic specification (U FSV = 75mV) thermocouple specification 0l 25°C device amblent lomp, =
55 cold junction accuracy: 2 °c thermocouple type E
. U excluding gain specification: 60 uV lin. range: -100°C to 1000°C at 39°C device ambont lomp,
U gain specification: 1200 ppm recom. range: —-100°C to 1000°C
5 cold junction temp. coeff.: 40 mK/K at 23°C ambient; +/- 2.5°C at 557 device ambient termp.
U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 3°C
4.5 U gain temp. coeff.: 30 ppm/K
2
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L
+
§35
o
3
.- . s e e e ) (B S SURS > et Liis
E:: _____________________ - R e e P
8,5 _ T e eshesacrerias S ST T T T T g
] [ e s SO il
2
8 2
£
1.6
1
0.5
EL3312, type E
0
=100 0 100 200 300 400 500 600 700 800 900 1000

thermocouple measurement temperature [°C]

42

Version: 5.1 EL33xx-00x0




BEGKHOFF Product description

Specification - thermocouple type J

Temperature measurement thermocouple Type J

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -4.632 mV ... +1200 °C = 69.553 mV
Measuring range, end value (full scale value) +1200 °C

Measuring range, recommended -100 °C ... #1200 °C

PDO LSB 0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type J: approx. 0.04 °C

Uncertainty in the recom- |@ 23 °C ambient temper- |+ 2.7 K= + 0.23 Y%¢sy

mended measuring ature
range, with averaging

@ 55 °C ambient temper- |+ 3.2 K=+ 0.27 Y%¢sy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type J:

6
basic specification (U FSV = 75mV) thermocouple specification a1 23°C device ambienl lemg, =
5.5 cold junction accuracy: 2 °C thermocouple type J
: U excluding gain specification: 60 uV lin. range: -100°C to 1200°C 8 39°C device ambient lemg.
U gain specification: 1200 ppm recom. range: -100°C to 1200°C
5 cold junction temp. coeff.: 40 mK/K at 23°C ambient; +/- 2.7°C B S5°C devics amblent temg,
U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 3.2°C
45 U gain temp. coeff.: 30 ppm/K

N

o

measurement deviation +/— [°C]
[#5]

2
1.5
1
0.5
EL3312, type J
9100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200

thermocouple measurement temperature [°C)
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Specification - thermocouple type K

Temperature measurement thermocouple Type K

Electrical measuring range used + 75 mV

Measuring range, technically usable -200 °C=-5.891 mV ... +1370 °C = 54.818 mV
Measuring range, end value (full scale value) +1370 °C

Measuring range, recommended

-100 °C ... +1200 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type K: approx. 0.04 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 3.0 K=+ 0.22 %eq,

@ 55 °C ambient temper-
ature

+3.6 K= 0.26 %ey

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively

in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type K:

6

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV
! U gain specification:
5 cold junction temp. coeff.: 40 mK/K
U offset temp. coeff.

5.5

o
[y

'S

w
(8]

(1 uViK

thermocouple specification
thermocouple type K
lin. range: —200°C to 1370°C
recom. range: -100°C to 1200°C
at 23°C ambient: +/- 3°C
at 55°C ambient: +/- 3.6°C

at 23°C device ambient temp. ——

at 38°C device amisent temp.

1200 ppm

ot 557C device ambient tomg.

U gain temp. coeff.: 30 ppm/K

measurement deviation +/— [°C]
[ ]

2.5
2
1.5
1
0.5
EL3312, type K
0
-200 -100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
thermocouple measurement temperature [°C|
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Specification - thermocouple type L

Temperature measurement thermocouple Type L

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +900 °C = 52.430 mV
Measuring range, end value (full scale value) +900 °C

Measuring range, recommended 0°C ... +900°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type L: approx. 0.03 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 2.3 K=+ 0.26 %

@ 55 °C ambient temper-
ature

+2.8K=20.31 Y%pgy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type L:

6

basic specification (U FSV = 75mV) thermocouple specification

at 23°C device ambient temp. =

cold junction accuracy: 2 °C

thermocouple type L

lin. range: 0°C to 900°C

recom. range: 0°C to 900°C
at 23°C ambient: +/- 2.3°C
at 55°C ambient: +/- 2.8°C

at 35°C device ambient temp.

ot 55°C devico ambiont temg.

5.5 U excluding gain specification: 60 uV
U gain specification: 1200 ppm
5 cold junction temp. coeff.: 40 mK/K
U offset temp. coeff.: 1 uV/K
45 U gain temp. coeff.: 30 ppm/K
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measurement deviation +/- [°C]
no w

e
(8)]

0.5
EL3312, type L

0 50 100

150 200 250 300 350 400 450 500 550 600 650

700 750 800 850 9S00

thermocouple measurement temperature [°C]

EL33xx-00x0

Version: 5.1 45



Product description

BECKHOFF

Specification - thermocouple type N

Temperature measurement thermocouple Type N

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -2.406 mV ... +1300 °C = 47.513 mV
Measuring range, end value (full scale value) +1300 °C

Measuring range, recommended

0°C ... +1300°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type N: approx. 0.04 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 3.0 K=+ 0.23 %eq,

@ 55 °C ambient temper-
ature

+35K=10.27 %oy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type N:

6

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV
U gain specification: 1200 ppm

5 cold junction temp. coeff.: 40 mK/K

U offset temp. coeff.: 1 uW/K

U gain temp. coeff.: 30 ppm/K

55

B
R ()]

£a
w

thermocouple specification
thermocouple type N
lin., range: -100°C to 1300°C
recom. range: 0°C to 1200°C
at 23°C ambient: +/- 3°C
at 55°C ambient: +/- 3.5°C

@ 23°C denice ambiant temg, =

81 38°C device ambient temp.

m 55°C device ambiant temg,

na
o

no

measurement deviation +/— [°C)
[

—
w

0.5
EL3312, type N
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Specification - thermocouple type R

Temperature measurement thermocouple Type R

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +1767 °C = 21.089 mV
Measuring range, end value (full scale value) +1767 °C

Measuring range, recommended

+250°C ... +1700°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type R: approx. 0.05 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+6.7 K=+ 0.38 %,

@ 55 °C ambient temper-
ature

+7.7K=20.44 %eq,

Temperature coefficient

(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type R:

12

measurement deviation +/— [°C]

basic specification (U

cold junction accuracy: 2 °C
U excluding gain specification: 60 uV

U gain specification:

cold junction temp. coeff.: 40 mK/K

U offset temp. coeff.

FSV = 75mV) thermocouple specification
thermocouple type R
lin. range: 0°C to 1767°C
recom. range: 250°C to 1700°C
at 23°C ambient: +/- 6.7°C

at 55°C ambient: +/- 7.7°C

a1 23°C device amblont temp, =

al 35°C device ambient temp.

1200 ppm

&1 557C device ambient lemg,

1 uViK

U gain temp. coeff.: 30 ppm/K

EL3312, type R
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Specification - thermocouple type S

Temperature measurement thermocouple Type S

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +1760 °C = 17.947 mV
Measuring range, end value (full scale value) +1760 °C

Measuring range, recommended

+250°C ... +1700°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type S: approx. 0.05 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 7.1 K=+ 0.40 %,

@ 55 °C ambient temper-
ature

+ 8.1 K= 0.46 %oy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type S:

12
basic specification (U FSV = 75mV) thermocouple specification al 25°C device ambient lemp, =

11 cold junction accuracy: 2 °C thermocouple type S

U excluding gain specification: 60 uV lin. range: 0°C to 1760°C a1 35°C device ambient temp.,

U gain specification: 1200 ppm recom. range: 250°C to 1700°C
10 cold junction temp. coeff.: 40 mK/K at 23°C ambient; +/- 7.1°C 4t 559 device ambiant temp.

U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 8.1°C

9 . U gain temp. coeff.: 30 ppm/K

EL3312, type S

0 100 200 300 400 500 600
thermocouple measurement temperature [°C)

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
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Specification - thermocouple type T

Temperature measurement thermocouple Type T

Electrical measuring range used + 75 mV

Measuring range, technically usable -200 °C =-5.603 mV ... +400 °C = 20.872 mV
Measuring range, end value (full scale value) +400 °C

Measuring range, recommended -100°C ... +400°C

PDO LSB 0.1/0.01 °C/digit, depending on PDO setting
Uncertainty in the recom- |@ 23 °C ambient temper- |+ 2.9 K= + 0.73 Y%¢sy

mended measuring ature

range, with averaging

@ 55 °C ambient temper- |+ 3.4 K=+ 0.85 %¢qy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type T:

6
basic specification (U FSV = 75mV) thermocouple specification o1 23°C device ambiant bomg. ——

5.5 cold junction accuracy: 2 °C thermocouple type T

: U excluding gain specification: 60 uV lin. range: -200°C to 400°C 21 39°C device ambient temp.

U gain specification: 1200 ppm recom. range: -1 00°C to 400°C
5; cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 2.9°C at 557C device ambisnt temp.
. U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 3.4°C

45 U gain temp. coeff.: 30 ppm/K
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Specification - thermocouple type U

Temperature measurement thermocouple Type U

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +600 °C = 33.600 mV
Measuring range, end value (full scale value) +600 °C

Measuring range, recommended 0°C ... +600°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type U: approx. 0.02 °C

Uncertainty in the recom- |@ 23 °C ambient temper-
mended measuring ature
range, with averaging

£ 25K =+ 0.42 Y%eq,

@ 55 °C ambient temper-
ature

+2.9K=10.48 %pqy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type U:

6
basic specification (U FSV = 75mV) thermocouple specification al 23°C device ambiant lemp, ——
55 cold junction accuracy: 2 °C thermocouple type U
s U excluding gain specification: 60 uV lin. range: 0°C to 600°C 24 35°C devics ambient mp.
U gain specification: 1200 ppm recom. range: 0°C to 600°C
5 cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/— 2.5°C a1 559 device ambient tem.
U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 2.9°C
45 U gain temp. coeff.: 30 ppm/K
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223 Connection

! : When using grounded
Fun LED Error LED1 i i thermocouples, observe
Run LED Error LED2 i the notes on the

f max. permissible

i potential differences
+TC1 ®® F o, +TC —U-TE
+TC2 F Y TC2 ) +TC TC
Power contact —h-—.. . - i ;:
+24V b i

«_GND T

GHND . :
Power contact 0V — — [ECENE
Shield ‘.. « Shield
EL3312 i" ;
BECKHOFF :
] I PR g
= T
Top view Contact assembly Connection
Fig. 7: EL3312

EL3312 - Connection

Terminal point [No. |Comment

Input +TC1 1 Input +TC1

Input +TC2 2 Input +TC2

GND 3 Ground (internally connected with terminal point 7)
Shield 4 Shield (internally connected to terminal point 8)
Input -TC1 5 Input -TC1

Input -TC2 6 Input -TC2

GND 7 Ground (internally connected with terminal point 3)
Shield 8 Shield (internally connected to terminal point 4)

® Earthed thermocouples
1 Observe for earthed thermocouples: Differential inputs max. + 2 V to ground!

EL33xx-00x0 Version: 5.1

51




Product description

BECKHOFF

224

Display, diagnostics

EL3312 - LEDs

LED Color |Meaning
RUN green |This LED indicates the terminal's operating state:
off State of the EtherCAT State Machine: INIT = initialization of the
terminal
flashing State of the EtherCAT State Machine: PREOP = function for mailbox
uniformly communication and different standard-settings set
flashing slowly |State of the EtherCAT State Machine: SAFEOP = verification of the
sync manager channels and the distributed clocks.
Outputs remain in safe state
on State of the EtherCAT State Machine: OP = normal operating state;
mailbox and process data communication is possible
flashing rapidly |State of the EtherCAT State Machine: BOOTSTRAP = function for
terminal firmware updates
ERRORH1, |red Short circuit or wire breakage. The voltage is in the invalid range of the characteristic
ERROR2 curve
52 Version: 5.1 EL33xx-00x0
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2.3 EL3314

2.31

I [
Run LED 1 —..‘..
RunlED2 1
RunLlED3 ., Sam

RunlLED4_ ., 7mm .+ ErrorLED4

i |
=
+TC1 B8
T
i

+TC2 .

Power contact — j 6 6

+24 .
13

+TC3 .

Power contact 0V _, 6 6
o
=]

+TC4 . 6 6
kx|
BECKHOFF

1 I
Top view
Fig. 8: EL3314

4-channel analog thermocouple input terminals with open-circuit recognition

Introduction

+— Error LED 1
+— Error LED2
+— Error LED 3

+—-TC1

+—-TC2

I-q— -TC3

+—-1C4

When using grounded
thermocouples, observe
the notes on the

max. permissible
potential differences

I{) .;)ﬁ 6 o — IC
A
66 o
=L

~

535 o? +TC — = -TC

.:‘::J O@ I —  — IC
s S

Contact assembly

The EL3314 analog input terminals allow the direct connection of thermocouples. The EtherCAT Terminals

circuit can operate thermocouple sensors using the 2-wire technique. Linearization over the full temperature
range is realized with the aid of a microprocessor. The temperature range can be selected freely. The error

LEDs indicate a broken wire. Cold junction compensation is made through an internal temperature

measurement at the terminals. The EL33xx can also be used for mV measurement.

With the EL3314-0010, Beckhoff offers a high-precision variant [P 93] of the 4 channel thermocouple input

terminal.

Quick links
» EtherCAT basics

* Technology EL33xx [» 188]

» CoE object description and parameterization [P 345]

* Process data and operation modes [» 313]

EL33xx-00x0

Version: 5.1
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2.3.2 Technical data

2.3.21 General technical data
Analog inputs EL3314
Number of inputs 4

Thermocouple sensor types, measured variables

Types B, C, E, J,K, L, N, R, S, T, U (default setting type K), mV measurement

Connection technology

2-wire

Maximum cable length to the thermocouple

30 m (without protective measures), suitable surge protection must be provided
for longer cable lengths

Resolution

Internal 16-bit

Conversion time

approx. 2.5 s to 20 ms,
depending on the configuration and filter setting; default: approx. 250 ms

Input filter cut-off frequency

1 kHz typ.

Software filter

5 Hz... 30 kHz, adjustable, notch characteristic; preset: disabled

Open-circuit recognition

yes (can be disabled)

Supports NoCoEStorage [P 218] function

yes, from firmware 01

Voltage measurement

EL3314

Measuring range, technically usable

approx. = 78 mV

Measuring ranges (nominal) and resolution

+ 30 mV (1 pV per digit, thus max. 32.768 mV can be displayed)
+ 60 mV (2 pV per digit, thus max. 65.536 mV can be displayed)

+ 75 mV (4 pV per digit, thus max. 131 mV can be displayed, observe technical
measuring range)

The measuring ranges 30 and 60 mV are executed in software to increase the
resolution and always use the same electrical measuring range of + 75 mV.

Measurement uncertainty

See Measurement £30 mV...£75 mV [P 57]

Temperature measurement

EL3314

Electrical measuring range used

+75mV

Measuring ranges

Type B: +200...+1820 °C
Type C: 0...+2320 °C
Type E: -100...+1000°C
Type J: -100...+1200 °C
Type K: -270...+1370 °C (preset)
Type L: 0...+900 °C
Type N: -100...+1300 °C
Type R: -50...+1767 °C
Type S: -50...+1760 °C
Type T: -200...+400 °C
Type U: 0...+600 °C

Resolution

Temperature display 0.1/0.01 °C per digit, preset 0.1 °C

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type K: approx. 0.04 °C

Measurement uncertainty

See Thermocouples measurement [» 58]
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Supply and potentials EL3314
Power supply for the electronics via the E-bus
Current consumption via E-bus typ. 200 mA

Differential voltage be-
tween +TC and -TC

Recommended area of
application

respective measuring range

(non-isolated/grounded
TC)

term/continuous

Destruction limit, short-  [£+15V
term/continuous
Max. potential of the Recommended area of [+2V
twisted TC ends to one  |application
another Destruction limit, short-  [£15 V

Max. potential U, (Com-
monMode voltage) of the

Recommended area of
application

twisted TC to GND Destruction limit, short-

term/continuous

Not applicable because GND is not accessible

Max. potential of twisted |Recommended area of |+30V
TC or GND to SGND or |application
0V power Destruction limit, short-  |+50 V
term/continuous
Electrical isolation: Max. |Recommended area of |500 V
potential of twisted TC or |application and short-
GND to bus side term/continuous destruc-
tion limit
Communication EL3314

Configuration

via TwinCAT System Manager

Width in the process image

max. 16 bytes input,
max. 8 bytes output

Distributed Clocks

Environmental conditions

EL3314

Permissible ambient temperature range during oper-
ation

--25 °C...+60 °C (extended temperature range), from firmware 06

Permissible ambient temperature range during stor-
age

-40°C ... +85°C

Permissible relative air humidity

95%, no condensation

General data EL3314
Dimensions (W x H x D) approx. 15 mm x 100 mm x 70 mm (width aligned: 12 mm)
Weight approx. 60 g

Mounting and wiring [» 222

on 35 mm support rail according to EN 60715

Installation position variable
Standards and approvals EL3314
Protection class IP20

Vibration / shock resistance

conforms to EN 60068-2-6 / EN 60068-2-27,
see also Installation instructions for enhanced mechanical load capacity [» 226

EMC immunity / emission

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

Marking / Approval

CE, UKCA, EAC
ATEX [»_205]
cULus [» 2031
IECEx [» 2071
cFMus [» 2081

Ex markings

Standard Marking

ATEX 113G ExnAIlIC T4 Gc
113D ExtcllIC T135 °C Dc

IECEx ExnAlIC T4 Gc
Ex tc 1IC T135 °C Dc

cFMus Class |, Division 2, Groups A, B, C, D
Class |, Zone 2, AEx/Ex ec IIC T4 Gc

EL33xx-00x0
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Extended features

EL3314

Pluggable connection level

Electrical isolation

EL3314-0002

TwinSAFE SC

EL3314-0090

Calibration certificate

EL3314-0030
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2.3.2.2

Specification 30 mV

Measurement £30 mV...275 mV

Note: this measuring range is not a separate electrical measuring range but a digital section of the 75 mV

measuring range

Measurement mode +30 mV
Measuring range, nominal -30...+30 mV
Measuring range, end value (full scale value) 30 mV

PDO resolution 1 uV / digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture’

< $0.24%:¢y typ. = < + 0.070 mV

@ 55 °C ambient tempera-
ture

< £026%;sy typ. = < + 0.077 mV

Offset/zero point deviation (at 23 °C)?  |Fogee <160 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKeain <1pV/IK
TKotset <30 ppm/K

Specification £60 mV

Note: this measuring range is not a separate electrical measuring range but a digital section of the 75 mV

measuring range

Measurement mode +60 mV
Measuring range, nominal -60...+60 mV
Measuring range, end value (full scale value) 60 mV

PDO resolution 2 pV/ digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture’

< $0.16%:gy typ. = < + 0.094 mV

@ 55 °C ambient tempera-
ture

< $0.17%¢gy typ. = <+ 0.10 mV

Offset/zero point deviation (at 23 °C)?  |Fogee <60 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKgain <1 puVvIK
TKorset < 30 ppm/K

Specification +75 mV

Measurement mode 75 mV

Measuring range, nominal -75...+75 mV

Measuring range, end value (full scale value) 75 mV

PDO resolution 4 pV / digit

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture’

< £0.14%qy typ. = < £ 0.11 mV

@ 55 °C ambient tempera-
ture

< +0.15%5, typ. =< £ 0.12 mV

Offset/zero point deviation (at 23 °C)*  |F et <60 pVv

Gain/scale/amplification deviation (at 23 |Fg,, <1200 ppm

oC)Z

Temperature coefficient TKeain <1 puVviK
TKoftset < 30 ppm/K

' This specification value includes the temperature coefficient for gain (Tkg,,,) and offset (Tkgyeer)-

2 These specifications are already included in the basic accuracy. They are listed here for a detailed,
individual uncertainty consideration.

EL33xx-00x0
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2.3.2.3 Thermocouples measurement

In the measuring range of a specified thermocouple type, a measured voltage is converted internally into a
temperature according to the set transformation. Since the channel measures a voltage internally, the
corresponding measuring error in the voltage measuring range must be used.

The following tables with the specification of the thermocouple measurement apply only when using the
internal cold junction.

The EL331x-00xx 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 EL331x-00xx via the process data for its own calculation. The
effect on the measurement of the thermocouples must then be calculated on the system side.

The specifications for the internal cold junction and the measuring range 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

Specification of the internal cold junction measurement

In the EL3314 and EL3314-0090, each channel has its own cold junction sensor.

Measurement mode Cold junction
Basic accuracy: Measurement deviation at 23 °C, with averaging <+2.0°C
Temperature coefficient ‘Tk <40 mK/K
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Specification - thermocouple type B

Temperature measurement thermocouple Type B

Electrical measuring range used + 75 mV

Measuring range, technically usable +600 °C = 1.792 mV ... #1800 °C = 13.591 mV
Measuring range, end value (full scale value) +1800 °C

Measuring range, recommended

+750 °C ... +1800 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type B: approx. 0.05 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 85K =+ 0.47 %eq,

@ 55 °C ambient temper-
ature

+9.7 K== 0.54 Y%pqy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type B:

thermocouple specification
thermocouple type B
lin. range: 600°C to 1800°C
recom. range: 750°C to 1800°C
at 23°C ambient: +/— 8.5°C
at 55°C ambient: +/- 9.7°C

at 23°C device ambient temp, ——

at 39°C device ambient temg.

at 55°C device ambient temg.

12
1t basic specification (U FSV = 75mV)
11 cold junction accuracy: 2 °C
3 U excluding gain specification: 60 uV
.. U gain specification: 1200 ppm
10 Sy cold junction temp. coeff.: 40 mK/K
U offset temp. coeff.: 1 uW/K
g ? U gain temp. coeff.: 30 ppm/K

w

measurement deviation +/- [°C]
S o

EL3314, type B
800 900

%OO

700 1000

1100 1200 1300 1400 1500 1600 1700 1800

thermocouple measurement temperature [°C]
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Specification - thermocouple type C

Temperature measurement thermocouple Type C

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +2320 °C = 37.107 mV
Measuring range, end value (full scale value) +2320 °C

Measuring range, recommended

0°C ... +2000 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type C: approx. 0.07 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 6.2 K=+ 0.27 Y%

@ 55 °C ambient temper-
ature

+7.4K=10.32 %oy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type C:

12
basic specification (U FSV = 75mV) thermocouple specification o1 23°C davice ambient temp. ——

11 cold junction accuracy: 2 °C thermocouple type C

U excluding gain specification: 60 uV lin. range: 0°C to 2320°C 21 35°C davics ambient tomp

U gain specification: 1200 ppm recom. range: 0°C to 2000°C
10 cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 6.2°C a1 55°C dovice ambientlemg.  * 4

U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 7.4°C o

g9 U gain temp. coeff.: 30 ppm/K -

measurement deviation +/— [°C]

3
2
1
EL3314, type C
0
0 150 300 450 600 750 900

1050
thermocouple measurement temperature [°C)

1200 1350 1500 1650 1800 1950 2100 2250
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Specification - thermocouple type E

Temperature measurement thermocouple Type E

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -5.237 mV ... #1000 °C = 76.372 mV
Measuring range, end value (full scale value) +1000 °C

Measuring range, recommended

-100 °C ... +1000 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type E: approx. 0.03 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

£ 25K =+ 0.25 %eq,

@ 55 °C ambient temper-
ature

+3.0 K= 0.30 %gey

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type E:

6
basic specification (U FSV = 75mV) thermocouple specification at 237G divien ambient tamg, ——
5.5 cold junction accuracy: 2 °C thermocouple type E
- U excluding gain specification: 60 uV lin. range: -100°C to 1000°C a1 30°C devics ambient temp.
U gain specification: 1200 ppm recom. range: —100°C to 1000°C
5 cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 2.5°C at 550G devios ambient femp.
U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 3°C
45 U gain temp. coeff.;: 30 ppm/K
2
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Specification - thermocouple type J

Temperature measurement thermocouple Type J

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -4.632 mV ... +1200 °C = 69.553 mV
Measuring range, end value (full scale value) +1200 °C

Measuring range, recommended -100 °C ... #1200 °C

PDO LSB 0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type J: approx. 0.04 °C

Uncertainty in the recom- |@ 23 °C ambient temper- |+ 2.7 K= + 0.23 Y%¢sy
mended measuring ature
range, with averaging

@ 55 °C ambient temper- |+ 3.2 K=+ 0.27 Y%¢sy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type J:

6
basic specification (U FSV = 75mV) thermocouple specification at 237G divien ambient tamg, ——
55 cold junction accuracy: 2 °C thermocouple type J
- U excluding gain specification: 60 uV lin. range: -100°C to 1200°C a1 30°C devics ambient temp.
U gain specification: 1200 ppm recom. range: —100°C to 1200°C
5 cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 2.7°C at 55°C devios ambient lemp.  *
U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 3.2°C
45 U gain temp. coeff.;: 30 ppm/K
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Specification - thermocouple type K

Temperature measurement thermocouple Type K

Electrical measuring range used + 75 mV

Measuring range, technically usable -200 °C=-5.891 mV ... +1370 °C = 54.818 mV
Measuring range, end value (full scale value) +1370 °C

Measuring range, recommended

-100 °C ... +1200 °C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type K: approx. 0.04 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 3.0 K=+ 0.22 %eq,

@ 55 °C ambient temper-
ature

+3.6 K= 0.26 %ey

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type K:

thermocouple specification
thermocouple type K
lin. range: -200°C to 1370°C
recom. range: -100°C to 1200°C
at 23°C ambient: +/- 3°C
at 55°C ambient: +/- 3.6°C

ot 23°C device ambient tamp. =

1 30°C duvice ambient lmg.

a1 55°C devics ambient lemg.

6
basic specification (U FSV = 75mV)
55 cold junction accuracy: 2 °C
: U excluding gain specification: 60 uV
! U gain specification: 1200 ppm
5 cold junction temp. coeff.: 40 mK/K
L U offset temp. coeff.: 1 uW/K
45 U gain temp. coeff.: 30 ppm/K
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Specification - thermocouple type L

Temperature measurement thermocouple Type L

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +900 °C = 52.430 mV
Measuring range, end value (full scale value) +900 °C

Measuring range, recommended 0°C ... +900°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type L: approx. 0.03 °C

Uncertainty in the recom- |@ 23 °C ambient temper-
mended measuring ature
range, with averaging

+ 2.3 K=+ 0.26 %

@ 55 °C ambient temper-
ature

+2.8K=20.31 Y%pgy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type L:

6
basic specification (U FSV = 75mV) thermocouple specification ot 23°C dovica ambient lemp, ——
5.5 cold junction accuracy: 2 °C thermocouple type L
* U excluding gain specification: 60 uV lin. range: 0°C to 900°C 357 device ambisnt temp,
U gain specification: 1200 ppm recom. range: 0°C to 900°C
5 cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 2.3°C a 55°C device ambiant tlemp,
U offset temp. coeff.: 1 uV/K at 56°C ambient: +/- 2.8°C
45 U gain temp. coeff.: 30 ppm/K
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Specification - thermocouple type N

Temperature measurement thermocouple Type N

Electrical measuring range used + 75 mV

Measuring range, technically usable -100 °C = -2.406 mV ... +1300 °C = 47.513 mV
Measuring range, end value (full scale value) +1300 °C

Measuring range, recommended

0°C ... +1300°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type N: approx. 0.04 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 3.0 K=+ 0.23 %eq,

@ 55 °C ambient temper-
ature

+35K=10.27 %oy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type N:

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV
U gain specification: 1200 ppm

5 cold junction temp. coeff.: 40 mK/K

U offset temp. coeff.: 1 uV/K

U gain temp. coeff.: 30 ppm/K

5.5
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thermocouple specification
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lin. range: -100°C to 1300°C
recom. range: 0°C to 1200°C
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at 55°C ambient: +/- 3.5°C

ot 23°C device ambiont temp, ——

at 39°C device ambient temp,

al 55°C device ambient temp.
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Specification - thermocouple type R

Temperature measurement thermocouple Type R

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +1767 °C = 21.089 mV
Measuring range, end value (full scale value) +1767 °C

+250°C ... +1700°C
0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type R: approx. 0.05 °C

Uncertainty in the recom- |@ 23 °C ambient temper- |+ 6.7 K= = 0.38 Y%¢sy

mended measuring ature
range, with averaging

Measuring range, recommended
PDO LSB

@ 55 °C ambient temper- |+ 7.7 K= + 0.44 %¢qy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type R:

12
" basic specification (U FSV = 75mV) thermocouple specification at 237G divien ambient tamg, ——
11K cold junction accuracy: 2 °C thermocouple type R
U excluding gain specification: 60 uV lin. range: 0°C to 1767°C a1 39°C device ambient tamp.
U gain specification: 1200 ppm recom. range: 250°C to 1700°C
10 » cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 6.7°C &t 55°C device ambient lemp. *
¥ U offset temp. coeff.: 1 uV/K at 55°C ambient: +/- 7.7°C
) ¥ U gain temp. coeff.;: 30 ppm/K
o
i 8
+
s7
3
it 6 ---.....-....-..--"".
E . - LR L //
m ”
£5
g
2
o4
E
3
2
1
EL3314, type R
0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
thermocouple measurement temperature [°C]

66 Version: 5.1 EL33xx-00x0



BEGKHOFF Product description

Specification - thermocouple type S

Temperature measurement thermocouple Type S

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +1760 °C = 17.947 mV
Measuring range, end value (full scale value) +1760 °C

Measuring range, recommended +s250°C ... +1700°C

PDO LSB 0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type S: approx. 0.05 °C

Uncertainty in the recom- |@ 23 °C ambient temper- |+ 7.1 K= = 0.40 Y%¢sy

mended measuring ature
range, with averaging

@ 55 °C ambient temper- |+ 8.1 K=+ 0.46 %¢sy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type S:

12
T basic specification (U FSV = 75mV) thermocouple specification ot 23°C dovica ambient lemp, ——

11\ cold junction accuracy: 2 °C thermocouple type
U excluding gain specification: 60 uV lin. range: 0°C to 1760°C at 39°C device ambient temp,
U gain specification: 1200 ppm recom. range: 250°C to 1700°C

10 % cold junction temp. coeff.: 40 mK/K at 23°C ambient: +/- 7.1°C 2 §5%C device ambient temp.

A U offset temp. coeff.: 1 uV/K at 56°C ambient: +/- 8.1°C
9 b U gain temp. coeff.: 30 ppm/K

EL3314, type S

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
thermocouple measurement temperature [°C]
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Specification - thermocouple type T

Temperature measurement thermocouple Type T

Electrical measuring range used + 75 mV

Measuring range, technically usable -200 °C =-5.603 mV ... +400 °C = 20.872 mV
Measuring range, end value (full scale value) +400 °C

Measuring range, recommended

-100°C ... +400°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+2.9K=20.73 Y%roy

@ 55 °C ambient temper-
ature

+3.4K=+0.85 %,

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type T:

6

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV
U gain specification: 1200 ppm

54 cold junction temp. coeff.: 40 mK/K

U offset temp. coeff.: 1 uV/K

U gain temp. coeft.: 30 ppm/K

55

o o
o i v

measurement deviation +/— [°C]
w

2.5
2
1.5
1
0.5
EL3314,type T
0
—-200 -150 -100 -50 0

thermocouple specification
thermocouple type T
lin. range: —200°C to 400°C
recom. range: ~100°C to 400°C
at 23°C ambient: +/- 2.9°C
at 55°C ambient: +/- 3.4°C

al 23°C device ambient lomg, ———

al 35°C device ambient lemp,

al 557G device ambient lemp.

50 100 150 200 250 300 350 400

thermocouple measurement temperature [°C]
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Specification - thermocouple type U

Temperature measurement thermocouple Type U

Electrical measuring range used + 75 mV

Measuring range, technically usable 0°C=0mV ... +600 °C = 33.600 mV
Measuring range, end value (full scale value) +600 °C

Measuring range, recommended 0°C ... +600°C

PDO LSB

0.1/0.01 °C/digit, depending on PDO setting

Note: internally, 16 bits are used for the calculation up to the FSV; depending on
the set thermocouple, therefore, jumps in value >0.01 °C occur with "resolution
0.01 °C"; e.g. type U: approx. 0.02 °C

Uncertainty in the recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

£ 25K =+ 0.42 Y%eq,

@ 55 °C ambient temper-
ature

+2.9K=10.48 %pqy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type U:

basic specification (U FSV = 75mV)
cold junction accuracy: 2 °C
U excluding gain specification: 60 uV
U gain specification: 1200 ppm

5 cold junction temp. coeff.: 40 mK/K

U offset temp. coeff.; 1 uV/K

U gain temp. coeff.: 30 ppm/K

ot
v

'S

W
3yl

thermocouple specification
thermocouple type U
lin. range: 0°C to 600°C
recom. range: 0°C to 600°C
at 23°C ambient: +/- 2.5°C
at 55°C ambient: +/- 2.9°C

n2 23°C dovico ambiont tomp, ——

at 39°C devica ambient temp,

at 55°C device ambient temp.

measurement deviation +/— [°C]
W

2.5 P o

2
1.5

1
0.5

EL3314, type U
0
0 50 100 150 200

250 300 350 400 450 500 550 600

thermocouple measurement temperature [°C)
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233 Connection
'L I ERTLLLn
.. i i When using grounded
RumLEDY % +— Error LED 1 ; i thermocouples, observe
RunlED2___ ., So -« Error LED2 ; i the notes on the
RunlED4____ ., === . FErrorLED4 : potential differences
o '
+TC1 » %6. +—-TC1 ;IQ q’; I 5 = -IC
= LY
+TC2 B8 —c {6 61 4o T
Power contact — o
+24V . i :
. i ey
aA T
+TC3 - Bl —-Tc3 (O 66 4o —C
Power contact 0V _, .:..,;(
.!.! R
+TC4 . - A A T — = -
66 « -TC4 (O G e TC
EL3l4 i
BECKHOFF o
| I T ey
el
Top view Contact assembly
Fig. 9: EL3314

EL3314 - Connection

Terminal point No. Comment

+TCA1 1 Input +TC1
+TC2 2 Input +TC2
+TC3 3 Input +TC3
+TC4 4 Input +TC4
-TC1 5 Input -TC1

-TC2 6 Input -TC2
-TC3 7 Input -TC3
-TC4 8 Input -TC4

® Earthed thermocouples
1 Observe for earthed thermocouples: Differential inputs max. + 2 V to ground!
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234 Display, diagnostics
EL3314 n- LEDs
LED Color |Meaning
RUN green |This LED indicates the terminal's operating state:
off State of the EtherCAT State Machine: INIT = initialization of the
terminal
flashing State of the EtherCAT State Machine: PREOP = function for
uniformly mailbox communication and different default settings set
flashing slowly |State of the EtherCAT State Machine: SAFEOP = verification of the
sync manager channels and the distributed clocks.
Outputs remain in safe state
on State of the EtherCAT State Machine: OP = normal operating state;
mailbox and process data communication is possible
flashing State of the EtherCAT State Machine: BOOTSTRAP = function for
rapidly terminal firmware updates
ERROR1-4 red Short circuit or wire breakage. The voltage is in the invalid range of the
characteristic curve.

EL33xx-00x0
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24

241

RunLED . youmm

+TC1

+TC2

+TC3

+TC4

EL3314-0002

Introduction

r

3

r

*

.. +— Ermor LED 1

+— Error LED 2
= +— Error LED 3
s . Error LED 4

—-1C1

+—-TC2

Y Eld
H ongong

I-q— -TC3

= ) |

>lE N
>ug

«—-1C4

i

Top view

Fig. 10: EL3314-0002

é.;-}, G 416 o = T

{6 61 4Tt 4 ~TC
{6 61 40 o = C

A c. WTC — = TC

Contact assembly

4-channel input terminal, thermocouple, high-precision, electrically isolated

The EL3314-0002 analog input terminal allows the direct connection of four thermocouples in 2-wire
configuration. The channels are electrically isolated from each other and from the E-bus, thus preventing
adverse effects and damage due to cross currents. Various types of thermocouple are supported; the
conversion of the voltage to temperature is already carried out within the terminal. Wire breakage is signaled
by error LEDs and on the fieldbus. The cold junction compensation is carried out by an internal precise
temperature measurement at the connection terminals; however, operation with an external cold junction or
voltage measurement without cold junction calculation is also possible.

For high-precision measurements please note the following:

» Before delivery the EL3314-0010 is calibrated against a high-precision reference voltage

o horizontal installation position
In addition it has the following features
o an additional software-based "MC filter" can be used for smoothing the measured value

The terminal is set to 0.01°C/digit ("high resolution") as standard
The assured accuracy applies to the following settings
o 50 Hz filter
o 23 £ 5 °C ambient temperature

o external cold junction compensation is possible

We advise against the use of compensation wires, because they reduce the measuring accuracy of the
EL3314-0010

We recommend using thermocouples with suitable accuracy

72
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Quick links
» EtherCAT basics

* Technology EL33xx [»_188]

e Process data and operation modes [P 313]

* CoE object description and parameterization [»_353]

EL33xx-00x0 Version: 5.1 73
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24.2

2.4.21

Technical data

General technical data

Analog inputs

EL3314-0002

Number of inputs

4

Thermocouple sensor types, measured
variables

Type B, C, E, J,K,L,N, R, S, T, U (preset: type K), voltage measurement

Connection technology

2-wire

Maximum cable length to the thermocou-
ple

30 m (without protective measures), suitable surge protection must be provided for longer
cable lengths

Resolution

Internal 24-bit

Conversion time

approx. 1.6 s to 5 ms depending on configuration and filter setting;
Preset: approx. 110 ms at 50/ 60 Hz

Input filter cut-off frequency

1 kHz typ.

Software filter

2.5...4000 Hz, adjustable, notch characteristic; preset 50/60 Hz

Open-circuit recognition

yes (can be disabled)

Supports CoE Interface [P 218] function

tbd

Special features

high-precision, electrical isolation

Voltage measurement

EL3314-0002

Measuring ranges +78 mV
+25V
Resolution 1 pV per digit

Measurement uncertainty

See Measurement +78 mV...+2.5 V [ 76]

Temperature measurement

EL3314-0002

Electrical measuring range used

+78 mV

Measuring ranges

Type B: +200...+1820 °C
Type C: 0...+2320 °C
Type E: -270...+1000°C
Type J: -210...+1200 °C
Type K: -270...+1372 °C (preset)
-50...+900 °C
-270...+1300 °C
-50...+1768 °C
-50...+1768 °C
-270...+400 °C
Type U: -50...+600 °C

Type L:
Type N:
Type R:
Type S:
Type T:

Resolution

Temperature display 0.1/0.01/0.001 °C per digit, preset 0.01 °C

Measurement uncertainty

See Thermocouples measurement [P 77]

Supply and potentials

EL3314-0002

Power supply for the electronics

via the E-bus

Current consumption via E-bus

typ. 200 mA

Electrical isolation

2.5 kV functional isolation (test voltage 7 s channel/channel and channel/fieldbus, production
test)

Max. potential +TC to ground

2.5 kV (test voltage production test)

Max. differential voltage between the +TC
inputs

+15 V continuous

Communication

EL3314-0002

Configuration

via TwinCAT System Manager

Width in the process image

max. 24 bytes input,
max. 8 bytes output

Distributed Clocks

74

Version: 5.1 EL33xx-00x0




BECKHOFF

Product description

Environmental conditions

EL3314-0002

storage

Permissible temperature range during op- |0 °C...+ 55 °C
eration
Permissible temperature range during -25°C..+85°C

Permissible relative air humidity

95%, no condensation

General data

EL3314-0002

Dimensions (W x H x D)

approx. 15 mm x 100 mm x 70 mm (width aligned: 12 mm)

Weight

approx. 60 g

Mounting and wiring [» 222

on 35 mm support rail according to EN 60715

Installation position

In order to ensure the increased measuring accuracy, the terminal must be installed in the
prescribed Prescribed installation position EL3314-0002/ EL3314-0010 [»_234]!

Standards and approvals

EL3314-0002

Protection class

IP20

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

Marking / Approval

CE, UKCA, EAC

Extended features

EL3314-0002

Pluggable connection level

Electrical isolation

yes

TwinSAFE SC

Calibration certificate

EL33xx-00x0

Version: 5.1
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2.4.2.2 Measurement 78 mV...x2.5V

Specification 78 mV

Measurement mode +78 mV
Measuring range, nominal -78...+78 mV
Measuring range, end value (full scale value) 78 mV

PDO resolution 1 v

Basic accuracy: Measurement devia-
tion, with averaging

@ 23 °C ambient tempera-
ture

< +0.06%:s, typ.

@ 55 °C ambient tempera-
ture’

< +0.13%:sy typ.

Offset/zero point deviation (at 23 °C)?  |Fogee <+10 pVv

Gain/scale/amplification deviation (at 23 |Fg,, < 500 ppm

oC)Z

Temperature coefficient TKeain < 0.5 uviK
TKostset <15 ppm/K

Specification +2.5 V

The EL3314-0002 is not factory calibrated in the electrically available measuring range +2.5V. However, the
measuring range can be used after user adjustment.

Measurement mode 25V
Measuring range, nominal -2.5..+25V
Measuring range, end value (full scale value) 25V

PDO resolution 1 v

' This specification value includes the temperature coefficient for gain (Tkg,,) and offset (TKoguser)-

2 These specifications are already included in the basic accuracy. They are listed here for a detailed,
individual uncertainty consideration.

76
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24.23 Thermocouples measurement

In the measuring range of a specified thermocouple type, a measured voltage is converted internally into a
temperature according to the set transformation. Since the channel measures a voltage internally, the
corresponding measuring error in the voltage measuring range must be used.

The following tables with the specification of the thermocouple measurement apply only when using the
internal cold junction.

The EL331x-00xx 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 EL331x-00xx via the process data for its own calculation. The
effect on the measurement of the thermocouples must then be calculated on the system side.

The specifications for the internal cold junction and the measuring range 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

Specification of the internal cold junction measurement

In the EL3314-0002, each channel has its own cold junction sensor.

Measurement mode Cold junction
Basic accuracy: Measurement deviation at 23 °C, with averaging <+1.75°C
Temperature coefficient ‘Tk < 25 mK/IK

EL33xx-00x0 Version: 5.1 77
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Specification - thermocouple type B

Temperature measurement thermocouple Type B

Electrical measuring range used +78 mV

Measuring range, technically usable +200 °C=0.178 mV ... #1820 °C = 13.820 mV
Measuring range, end value (full scale value) +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 recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+22K=20.12 Y%roy

@ 55 °C ambient temper-
ature

+3.3K=+0.18 Y%y

Temperature coefficient

(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type B:

8
basic specification (U FSV = 78mV) thermocouple specification a1 23°C dovice ambsent famg. ——
7.5 cold junction accuracy: 1.75 °C thermocouple type B
. U excluding gain specification: 10 uV lin. range: 200°C to 1820°C at 35°C devics ambient temp.
7 U gain specification: 500 ppm recom. range: 750°C to 1800°C
6 cold junction temp. coeff.: 25 mK/K at 23°C ambient: +/- 2.2°C a1 55°C device ambient temp.
2 U offset temp. coeff.: 0.5 uV/K at 55°C ambient: +/- 3.3°C
6 U gain temp. coeff.: 15 ppm/K
55 '
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Specification - thermocouple type C

Temperature measurement thermocouple Type C

Electrical measuring range used +78 mV

Measuring range, technically usable 0°C=0mV ... +2320 °C = 37.107 mV
Measuring range, end value (full scale value) +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 recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+24K=20.10 %oy

@ 55 °C ambient temper-
ature

+3.1K=#0.13 %y

Temperature coefficient

(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type C:

thermocouple specification
thermocouple type C
lin. range: 0°C to 2320°C
recom. range: 0°C to 2000°C
at 23°C ambient: +/- 2.4°C
at 55°C ambient: +/— 3.1°C

o1 23°C devica amblant lemp, ——

a1 39°C dovica smbiant temp.

at 55°C device ambiant temp.

8
basic specification (U FSV = 7BmV)
7.5 cold junction accuracy: 1.75 °C
U excluding gain specification: 10 uV
7 U gain specification: 500 ppm
cold junction temp. coeff.: 25 mK/K
6.5 U offset temp. coeff.: 0.5 uV/K
6 U gain temp. coeff.: 15 ppm/K
o
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Specification - thermocouple type E

Temperature measurement thermocouple Type E

Electrical measuring range used +78 mV

Measuring range, technically usable -270 °C =-9.835mV ... +1000 °C = 76.372 mV
Measuring range, end value (full scale value) +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 recom- |@ 23 °C ambient temper- |+ 1.8 K=+ 0.18 Y%¢sy

mended measuring ature

range, with averaging
@ 55 °C ambient temper- |+ 2.1 K=+ 0.21 %¢qy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type E:

4
38 basic specification (U FSV = 78mV) thermocouple specification a1 23°C dovice ambsent famg. ——
’ cold junction accuracy: 1.75 °C thermocouple type E
3.6 U excluding gain specification: 10 uV lin. range: —270°C to 1000°C 2t 36°C devios ambient tormp.
3.4 U gain specification: 500 ppm recom. range: —100°C to 1000°C
* cold junction temp. coeff.: 25 mK/K at 23°C ambient: +/- 1.8°C a1 55°C divics ambient temp.
3.2 U offset temp. coeff.: 0.5 uV/K at 55°C ambient: +/- 2.1°C
3 U gain temp. coeff.: 15 ppm/K
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Specification - thermocouple type J

Temperature measurement thermocouple Type J

Electrical measuring range used +78 mV

Measuring range, technically usable -210 °C = -8.095 mV ... +1200 °C = 69.553 mV
Measuring range, end value (full scale value) +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 recom- |@ 23 °C ambient temper- |+ 1.9 K= + 0.16 Y%¢sy

mended measuring ature

range, with averaging

@ 55 °C ambient temper- |+ 2.1 K=+ 0.18 %¢qy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type J:

4
3.8 basic specification (U FSV = 78mV) thermocouple specification ol 23°C dovice ambiont temg, ——
’ cold junction accuracy: 1.75 °C thermocouple type J
3.6 U excluding gain specification: 10 uV lin. range: -210°C to 1200°C a1 35°C dovice ambient lomp.
3.4 U gain specification: 500 ppm recom. range: —-100°C to 1200°C
T cold junction temp. coeff.: 25 mK/K at 23°C ambient: +/- 1.9°C at 55°C device ambian tomp
3.2 U offset temp. coeff.: 0.5 uV/K at 55°C ambient: +/- 2.1°C
3 U gain temp. coeff.: 15 ppm/K
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Specification - thermocouple type K

Temperature measurement thermocouple Type K

Electrical measuring range used +78 mV

Measuring range, technically usable -270 °C = -6.458 mV ... +1372 °C = 54.886 mV
Measuring range, end value (full scale value) +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 recom- |@ 23 °C ambient temper- |+ 1.9 K= £ 0.14 Y%y
mended measuring ature

range, with averaging
@ 55 °C ambient temper-
ature

+22K=+0.16 Y%y

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type K:

4

38 basic specification (U FSV = 78mV) thermocouple specification 0 23°C doviee ambient famg. =——

cold junction accuracy: 1.75 °C thermocouple type K

3.6 U excluding gain specification: 10 uV lin. range: —-270°C to 1372°C t 35°C duvic ambient formp.
34 U gain specification: 500 ppm recom. range: -100°C to 1200°C

cold junction temp. coeff.: 25 mK/K at 23°C ambient: +/- 1.9°C

at 55°C device ambient larmp.

3.2 U offset temp. coeff.: 0.5 uV/K at 55°C ambient: +/- 2.2°C
3 U gain temp. coeff.: 15 ppm/K

EL3314-0002, type K
-200 =100 O 100 200 300

400 500 600 700 800 900 1000 1100 1200 1300

thermocouple measurement temperature [°C]
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Specification - thermocouple type L

Temperature measurement thermocouple Type L

Electrical measuring range used +78 mV

Measuring range, technically usable -50 °C =-2.510 mV ... +900 °C = 52.430 mV
Measuring range, end value (full scale value) +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 recom-
mended measuring
range, with averaging

@ 23 °C ambient temper-
ature

+ 1.8 K=20.20 %oy

@ 55 °C ambient temper-
ature

+2.0K=+0.22 %eqy

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type L:

4
3.8 basic specification (U FSV = 78mV) thermocouple specification al 23°C device ambiant temp. =——
’ cold junction accuracy: 1.75 °C thermocouple type L
3.6 U excluding gain specification: 10 uV lin. range: -50°C to 900°C a1 39°C device ambient temp.
3.4 U gain specification: 500 ppm recom. range: 0°C to 900°C
: cold junction temp. coeff.: 25 mK/K at 23°C ambient: +/- 1.8°C at 55°C device amblant temp.
3.2 U offset temp. coeff.: 0.5 uV/K at 55°C ambient: +/- 2°C
3 U gain temp. coeft.: 15 ppm/K
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Product description

BECKHOFF

Specification - thermocouple type N

Temperature measurement thermocouple Type N

Electrical measuring range used +78 mV

Measuring range, technically usable -270 °C = -4.346 mV ... +1300 °C = 47.513 mV
Measuring range, end value (full scale value) +1300 °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 recom-
mended measuring

@ 23 °C ambient temper-
ature

+1.9K=20.15 Y%pgy

range, with averaging
@ 55 °C ambient temper-
ature

+21K=+0.16 Y%y

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type N:

4

38 basic specification (U FSV = 78mV) thermocouple specification ot 23°C device ambient fomp, ——
: cold junction accuracy: 1.75 % thermocouple type N

3.6 U excluding gain specification: 10 uV lin. range: —-270°C to 1300°C 01 35°C davics ambient tomp

U gain specification: 500 ppm
cold junction temp. coeff.: 25 mK/K
U offset temp. coeff.: 0.5 uV/K
U gain temp. coeff.: 15 ppm/K

recom. range: 0°C to 1200°C
at 23°C ambient: +/- 1.9°C
at 55°C ambient: +/- 2.1°C

a1 55°C devics ambient lemg.

e T T L R P T L LR L L L LR L

EL3314-0002, type N
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BEGKHOFF Product description

Specification - thermocouple type R

Temperature measurement thermocouple Type R

Electrical measuring range used +78 mV

Measuring range, technically usable -50 °C =-0.226 mV ... +1768 °C = 21.101 mV
Measuring range, end value (full scale value) +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 recom- |@ 23 °C ambient temper- |+ 2.1 K=+ 0.12 Y%¢sy

mended measuring ature

range, with averaging

@ 55 °C ambient temper- |+ 2.8 K=+ 0.16 %¢qy
ature

Temperature coefficient Since the value is highly dependent on the sensor temperature, as can be seen
(Change in the measured value in relation to the in the specification plot shown below, it must basically be derived from the speci-
change in the ambient temperature of the terminal) |fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type R:

8
basic specification (U FSV = 78mV) thermocouple specification ol 23°C dovice ambiont temg, ——
7.5 cold junction accuracy; 1.75 °C thermocouple type R
U excluding gain specification: 10 uV lin. range: -50°C to 1768°C a1 36°C device ambion tormp
7 U gain specification: 500 ppm recom. range: 250°C to 1700°C
6.5 cold junction temp. coeff.: 25 mK/K at 23°C ambient: +/- 2.1°C at 55°C device ambian tomp
: U offset temp. coeff.: 0.5 uV/K at 55°C ambient: +/- 2.8°C
6 U gain temp. coeff.: 15 ppm/K
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Product description

BECKHOFF

Specification - thermocouple type S

Temperature measurement thermocouple Type S

Electrical measuring range used +78 mV

Measuring range, technically usable -50 °C =-0.236 mV ... +1768 °C = 18.693 mV
Measuring range, end value (full scale value) +1768 °C

Measuring range, recommended

+250°C ... +1700°C

range, with averaging

PDO LSB 0.1/0.01/0.001 °C/digit, depending on PDO setting
Uncertainty in the recom- |@ 23 °C ambient temper- |+ 2.1 K=+ 0.12 Y%¢sy
mended measuring ature

@ 55 °C ambient temper-
ature

+2.9K=+0.16 Y%y

Temperature coefficient
(Change in the measured value in relation to the
change in the ambient temperature of the terminal)

Since the value is highly dependent on the sensor temperature, as can be seen
in the specification plot shown below, it must basically be derived from the speci-
fication plot. For better approximation, the measurement uncertainty at T,,,,=

39 °C as the middle point between 23 °C and 55 °C is also shown informatively
in order to illustrate the non-linear curve.

Measurement uncertainty for thermocouple type S:

8
basic specification (U FSV = 78mV) thermocouple specification 1 23°C davice ambiont temp, ——
7.5 cold junction accuracy: 1.75 °C thermocouple type S
U excluding gain specification: 10 uV lin. range: -50°C to 1768°C 1 39°C dovice ambiant omp
7 U gain specification: 500 ppm recom. range: 250°C to 1700°C
6.5 cold junction temp. coeff.: 25 mK/K at 23°C ambient: +/- 2.1°C a1 55°C device ambiant temp.
: U offset temp. coeff.: 0.5 uV/K at 55°C ambient: +/- 2.9°C
6 U gain temp. coeff.: 15 ppm/K
955
| '
+ 5
g -
= 45 .
3
L 4
E "
23.5
5
5 3
w
925
g2
2
1.5
1
0.5
EL3314-0002, type S
0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
th