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Important User Information

Solid state equipment has operational characteristics differing from those of
electromechanical equipment. Safety Guidelines for the Application,
Installation and Maintenance of Solid State Controls (publication SGI-1.1
available from your local Rockwell Automation sales office or online at
http://literature.rockwellautomation.com) describes some important
differences between solid state equipment and hard-wired electromechanical
devices. Because of this difference, and also because of the wide variety of
uses for solid state equipment, all persons responsible for applying this
equipment must satisfy themselves that each intended application of this
equipment is acceptable.

In no event will Rockwell Automation, Inc. be responsible or liable for
indirect or consequential damages resulting from the use or application of
this equipment.

The examples and diagrams in this manual are included solely for illustrative
purposes. Because of the many variables and requirements associated with
any particular installation, Rockwell Automation, Inc. cannot assume
responsibility or liability for actual use based on the examples and diagrams.

No patent liability is assumed by Rockwell Automation, Inc. with respect to
use of information, circuits, equipment, or software described in this manual.

Reproduction of the contents of this manual, in whole or in part, without
written permission of Rockwell Automation, Inc., is prohibited.

Throughout this manual, when necessary, we use notes to make you aware
of safety considerations.

Identifies information about practices or circumstances that can cause
an explosion in a hazardous environment, which may lead to personal
injury or death, property damage, or economic loss.

IMPORTANT Identifies iqformation that is critical for successful application and
understanding of the product.

Identifies information about practices or circumstances that can lead
to personal injury or death, property damage, or economic loss.
Attentions help you identify a hazard, avoid a hazard, and recognize
the consequence

ATTENTION

ILITATYZYEN] | Labels may be on or inside the equipment, for example, a drive or
motor, to alert people that dangerous voltage may be present.

CITTYZYLE | Labels may be on or inside the equipment, for example, a drive or
motor, to alert people that surfaces may reach dangerous
temperatures.

aalel

Allen-Bradley, SLC 500, SLC, RSLogix 500, TechConnect, Rockwell Automation, ControlLogix, and RSLinx are trademarks of
Rockwell Automation, Inc.

Trademarks not belonging to Rockwell Automation are property of their respective companies.
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Preface

Use This Manual Read this preface to familiarize yourself with the rest of the manual.
This preface covers the following topics:

e Who should use this manual

e The purpose of this manual

e Terms and abbreviations

e Conventions used in this manual

e Allen-Bradley support

Who Should Use This Use this manual if you are responsible for designing, installing,
Manual programming, or troubleshooting control systems that use
anua Allen-Bradley small logic controllers.

You should have a basic understanding of SLC 500 products. You
should understand programmable controllers and be able to interpret
the ladder logic instructions required to control your application. If
you do not, contact your local Allen-Bradley representative for
information on available training courses before using this product.

Purpose of This Manual This manual is a reference guide for the module. The manual:

e gives you an overview of system operation.

e explains the procedures you need to install and wire the module
at the application site.

e provides ladder programming examples.

e provides an application example of how this input module can
be used to control a process.
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8 Preface

The following documents contain information that may be helpful to
you as you use Allen-Bradley SLC products. To obtain a copy of any
of the Allen-Bradley documents listed, contact your local
Allen-Bradley office or distributor.

Additional Resources

Resource

Description

SLC 500 Systems Selection Guide, publication 1747-SG001

An overview of the SLC 500 family of products

SLC 500 Module Hardware Style User Manual, publication
1747-UM011

A description on how to install and use your modular SLC 500
programmable controller

Installation & Operation Manual for Fixed Hardware Style
Programmable Controllers, publication 1747-6.21

A description on how to install and use your fixed SLC 500
programmable controller

SLC 500 Instruction Set Reference Manual, publication
1747-RM001

A reference manual that contains status file data, instruction set,
and troubleshooting information about the software

SLC 500 4-Channel Analog I/0 Modules User's Manual, publication
1746-UM005

A resource manual and user’s guide containing information about
the analog modules used in your SLC 500 system.

Industrial Automation Wiring and Grounding Guidelines, publication
1770-4.1

In-depth information on grounding and wiring Allen-Bradley
programmable controllers

Application Considerations for Solid-State Controls. publication
SGI-1.1

A description of important differences between solid-state
programmable controller products and hard-wired
electromechanical devices

National Electrical Code, published by the National Fire Protection
Association of Boston, MA

An article on wire sizes and types for grounding electrical
equipment

Common Techniques Used
in this Manual

The following conventions are used throughout this manual:

¢ Bulleted lists such as this one provide information, not

procedural steps.

e Numbered lists provide sequential steps or hierarchical

information.

e Text in this font indicates words or phrases you should type.
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Chapter 1

Compliance with European
Union Directives

Module Overview

This chapter describes the thermocouple/millivolt isolated input
module and explains how the SLC controller reads thermocouple or
millivolt analog input data from the module. The following
information is included:

e Compliance with European Union Directives
¢ General description and hardware features
e An overview of system and module operation

e Block diagram of channel input circuits

If this product has the CE mark, it is approved for installation within
the European Union and EEA regions. It has been designed and tested
to meet the following directives.

EMC Directive

This product is tested to meet Council Directive 89/336/EEC
Electromagnetic Compatibility (EMC) and the following standards, in
whole or in part, documented in a technical construction file:

e EN 50081-2EMC — Generic Emission Standard, Part 2 —
Industrial Environment

e EN 50082-2EMC — Generic Immunity Standard, Part 2 —
Industrial Environment

This product is intended for use in an industrial environment.

Low Voltage Directive

This product is tested to meet Council Directive 73/23/EEC Low Voltage,
by applying the safety requirements of EN 61131-2 Programmable
Controllers, Part 2 — Equipment Requirements and Tests.

For specific information required by EN 61131-2, see the appropriate
sections in this publication, as well as the Industrial Automation
Wiring and Grounding Guidelines (for noise immunity), publication
1770-4.1.

This equipment is classified as open equipment and must be mounted
in an enclosure during operation to provide safety protection.
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10 Module Overview

General Description The module stores digitally-converted thermocouple and/or millivolt
(mV) analog data in its image table for retrieval by all fixed and
modular SLC 500 processors. The module supports connections from
any combination of up to four thermocouple and/or mV analog
Sensors.

Input Ranges

The following tables define thermocouple types and associated
temperature ranges and the millivolt analog-input signal ranges that
each of the module’s input channel supports.

Refer to the specifications in Appendix A to determine the practical
temperature range of your thermocouple.

Thermocouple Temperature Ranges

Type °C Temperature Range °F Temperature Range
(¥ 0...2317 32... 4201
D 0...2317 32...4201
J -210...760 -346...1400
K -270...1370 -454...2498
T -270...400 -454...752
B 300...1820 572...3308
E -270...1000 -454...1832
R 0...1768 32...3214
S 0...1768 32...3214
N 0...1300 32...2372
CJC Sensor | 0...85 32...185

Millivolt Input Ranges

-50...50 mV
-100...100 mV

Each input channel is individually configurable for a specific input
device, and provides open-circuit, over-range, and under-range
detection and indication.
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Hardware Features

The module fits into any single slot for I/O modules in either an SLC
500 modular system or an SLC 500 fixed system expansion chassis

(1746-A2). It is a Class 1Y module (uses eight input words and eight
output words).

The module contains a removable terminal block providing
connections for four thermocouple and/or analog input devices.
There are two cold-junction compensation (CJC) sensors that
compensate for the cold-junction at ambient temperature rather than
at freezing 0 °C (32 °F). There are no output channels on the module.
You configure the module with software rather than with jumpers or
switches.

Hardware Features

Channel Status Side Label
LED Indicators INPUT Door Label
\'%

(Green)

05015 &

STATUS =]

MODULEST  ATUS [
|\/|Odu|e StatUS / THERMOCOUPLE/mV. /
LED (Green) ‘

Removable ‘,<
Terminal Block

Remove| CHLO=

CJC Sensors [comeet Gz

e CHLz«

0
Connect| Gz,

ot ——
Removef CHL3:

Blelelelellelelw]

elelel@lelefelelel)

Remove| Do Not
Connect

\\
|
Do not connect to //'L

Self-locking Tabs

Cable Tie Slots

f

O0
O

this terminal.

Hardware Features

Hardware Function

Channel status LED indicators Display operating and fault status of
channels 0, 1, 2, and 3

Module status LED Displays operating and fault status of the
module

Side label (nameplate) Provides module information

Removable terminal block Provides electrical connection to input
devices

Door label Permits easy terminal identification

Cable tie slots Secure input wiring at the module

Self-locking tabs Secure module in chassis slot

”' Requires use of Block Transfer in a remote I/0 configuration.
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12 Module Overview

System Overview
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Diagnostic LED Indicator

The module contains diagnostic LED indicator that help you identify
the source of problems that may occur when cycling power or during
normal operation.

Power cycling and channel diagnostics are explained in Chapter 8,
Module Diagnostics and Troubleshooting.

The module communicates with the SLC 500 processor and receives
+5V dc and +24V dc power from the system power supply through
the parallel backplane interface. No external power supply is
required. You may install as many thermocouple modules in the
system as the power supply can support.

Module Placement

SLC Processor Thermocouple Modules
/\\
_/_\0_/_/Z_/_0 [ _[D
o Ooloo Lo |bo ool oo | oo
o |58/°8 F5/5/5 | 8|58

Each module channel can receive input signals from a thermocouple
or a millivolt analog input device. You configure each channel to
accept either one. When configured for thermocouple input types, the
module converts analog input voltages into cold-junction
compensated and linearized, digital temperature readings. The
module uses the National Bureau of Standards (NBS) Monograph 125
and 161 based on IPTS-68 for thermocouple linearization.

When configured for millivolt analog inputs, the module converts
analog values directly into digital counts. The module assumes that
the mV input signal is linear.
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System Operation

When you cycle power, the module checks its internal circuits,
memory, and basic functions. During this time, the module status
indicator remains off. If the module finds no faults, it turns on its
module status indicator.

System Operation

— Channel Data Word
Channel Status Word
Thermocouple g/ Thermacouple “1 sLC500
or mV Analog Input Module Processor
Signals —
Channel Configuration Word
—_—

After completing power cycle checks, the module waits for valid
channel configuration data from your SLC ladder logic program
(channel status LED indicators are off). After channel configuration
data is transferred and channel enable bits are set for one or more
channels, the module turns on its channel status LED indicators. Then
it continuously converts the thermocouple or millivolt input to a value
within the range you selected for the channel.

Each time the module reads an input channel, the module tests that
data for a fault, for example, open-circuit, over-range, or under-range
condition. If it detects such a condition, the module sets a unique bit
in the channel status word and causes the channel status indicator to
blink.

The SLC processor reads the converted thermocouple or millivolt data
from the module at the end of the program scan, or when
commanded by the ladder program. After the processor and module
determine that the data transfer was made without error, the data can
be used in your ladder program.

Module Operation

The module’s input circuitry consists of four differential analog inputs,
each with its own analog-to-digital (A/D) convertor. The A/D
convertors read the analog input signals and convert them to digital
counts. The input circuitry also continuously samples the CJC sensors
and compensates for temperature changes at the cold-junction
(terminal block).

See page 15 for a block diagram for the analog input circuitry.
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Module Addressing

The module requires eight words each in the SLC processor’s input
and output image tables. Addresses for the module in slot e are as

follows:

L:e.0...3 thermocouple/mV data for channels 0...3, respectively

L.e.4...7 status data for channels 0...3, respectively

O:e.0...3 configuration data for channels 0...3, respectively

O:e.4...7 reserved for future use. Do not use.

Compatibility with Thermocouple and Millivolt Devices and

Cables

The module is compatible with the following NBS MN-125 and -161
standard types of thermocouples: B, C, D, E, J, K, N, R, S, and T and
extension wire. The module is also compatible with a variety of mV

devices with an output of £50 or 100 mV.

Refer to Appendices A and C for details.

To minimize interference from radiated electrical noise, we
recommend twisted-pair and highly shielded cables.

Minimizing Interference Devices

For This Type of Device

We Recommend This Cable (or equivalent)

Thermocouple type J

EIL Corp. J20-5-502

Thermocouple type K

EIL Corp. K20-5-510

Thermocouple type T

EIL Corp. T20-5-502

Other thermocouple types

Consult with EIL Corp or other manufacturers

Millivolt devices

Alpha Suprashield XTRA-GUARD 1
5121 (1pr), 5122 (2pr), 5131 (3pr), 5141 (4pr)
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Block Diagram of This illustration shows a block diagram for the analog input circuitry.
Is_olat_ed-ChanneI Input Block Diagram
Circuits

Terminal Block Module Circuitry

1 Y
! cireuit
Channel 0 ; ? ggfe"cfi'gﬁ“' Digital Value
—\ tQ-2 ol Analogto | 8 Hz Channel 0 &
I . R e Multiplexer| Digital Digital » 0 Sensor
) | S Converter | Filter ' Signal
Wire Braid | 1 ? |
/0 Chassis ! ¥ 5, > Analogto | 8 Hz . Digital Value
Ground "+ __8, ,.| Digital Digital > Channel 1
IO > Converter | Filter |
4 0, <JID .| Analogto | 8Hz L
O > Digital Digital |, Didital Value
. O > Converter | Filter " Channel 2
N ﬁ) . Digital Val
S > : Analogto | 8Hz '+ Vligital value
Q. .| Multiplexer] o) Digital |—» Channel3&
\ ! Converter | Filter ‘ C‘_JC Sensor
‘ ‘ . Signal
N j f 1
CJCB Sensor (. ' T ‘
=0 :
‘ 18 |
. O |
\ /J7 /0 Chassis :
] /77 Ground !
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Chapter Z

Quick Start

Use this chapter as an abbreviated procedure for getting the module
into operation or as an overview if you need the additional steps
described in subsequent chapters. This chapter assumes that you
understand the following things:

e SLC 500 products
e Electronic process control

e Ladder logic instructions

Because this chapter is a start-up guide, it does not contain detailed
explanations. It does, however, refer to other chapters or to other SLC
publications for more information.

If you are unsure of terms used or concepts presented in this chapter,
always read the referenced chapters before trying to apply the
information.

This chapter describes:

e what equipment you need.

e how to install and wire the module.

e how to set up one channel for thermocouple input.
e the state of the LED indicators at normal start-up.

e the channel status word.

Required Tools Have the following tools and equipment ready:

e Medium blade screwdriver

e Medium cross-head screwdriver

e Thermocouple or millivolt sensor

e Thermocouple extension wire (if needed)
e The module

e 1/O chassis

e SLC processor and power supply

e Programming software
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18 Quick Start

Procedures
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IMPORTANT Follow thege p'recautions to prevent damaging the module from
electrostatic discharge:

o Before handling the module, rid yourself of electric charge by
touching a grounded object.

o Avoid touching connector terminations and circuit components.

o Keep the module in its electrostatic shielded bag when not in use.

1. Unpack the module.

Unpack the module making sure that the contents include these
items:

e Module (Catalog Number 1746-INT4)

e Removable terminal block (factory-installed on module) with
CJC sensors attached

If the contents are incomplete, call your local Rockwell
Automation representative for assistance.

2. Review the power requirements of the modules drawing power
from the chassis power supply.

e The fixed, two-slot chassis supports two 1746-INT4 modules.
If combining a 1746-INT4 module with a different type of

module, refer to Considerations for a Fixed Controller in
Chapter 3.

e For a modular system, compute the total load on the system
power supply.
Refer to the procedure described in the SLC 500 Modular
Hardware Style User Manual, publication 1747-UMO11, or the
SLC 500 Systems Selection Guide, publication 1747-SG001.

ATTENTION Nevgr install, remove, or wire modgles with power
applied to the chassis or devices wired to the module.

A
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3. Install the module.

Make sure system power is off; then insert the module into the
I/O chassis. In this example procedure, the module is inserted
into slot 1.

AR
\QQ\\ I AN

\\\\\
NN
\\\\\\\\\\

Top and Bottom
Module Releases

4. Connect thermocouple wires to channel 0 on the module’s
terminal block.

Make sure both cold-junction compensation (CJC) devices are
securely attached.

Terminal Block

CJCA

Device Important:

Ground the thermocouple’s cable shield
to the 1/0 chassis with 9.5 mm (3/8 in.)
braid wire. (Refer to page 31.)

Thermocouple
Wire

5. Configure the software to accept the module.

Type the module’s ID and assigned slot (slot 1 in this example)
into the system I/O configuration.
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20 Quick Start

6. Set up Channel 0.

Determine the operating parameters for channel 0. This example
shows the channel 0 configuration word defined with all
defaults (0) except for the channel enable (bit 11=1). Module
assumed in slot 1. (For details on channel configuration, refer to
the configuration worksheet on page 22).

SLC 500 Controller

/ Data Files °
o s
Inout | QOutput Image = el = | 5 R
fput image (8 words) = |3 = |E & £ s
g s 2|l g | & 5
Address l S 5| S |® o |3 =
0:1.0  Word 0 | Channel 0 Configuration Word Lol ol ol of ol o[ ol of o[ of o[ of of of ol 0]
0:1.1  Word 1 | Channel 1 Configuration Word Use Default Settings For:

0:1.2 Word?2
0:1.3 Word3
[ ] [ ]

[ ] [ ]

0:1.7 Word7

Channel 2 Configuration Word

e Type J Thermocouple

Channel 3 Configuration Word

e Data Word =0 If Open Circuit

Calibration Word 5

e Degrees Celsius

L. Engineering Units x 1

Bit 15 Bit0

Words 4, 6, & 7
(reserved)

Lol ol ol ol 1] ol of ol of of o of of of o] 0]
Example Settings for Channel 0.

Set this bit (11) to enable channel. Address = 0.1.0/11.

7. Program the transfer of the configuration word.

Program the transfer of the configuration word (from step 6) to
the module.
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Using the memory map function, create integer file N10.

Integer file N10 should contain one element for each channel
used. (For this example, we used N10:0.).

. Enter configuration parameters for channel 0 (from step 6)

into N10:0.

In this example, all of the bits of N10:0 are zero except for the
channel enable bit (N10:0/11).

Program a ladder logic instruction to copy the contents of
N10:0 to output word O:1.0.
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Address
1.0
1.1
1.2
1.3

Word 0
Word 1
Word 2
Word 3

Word 7

Data Table Display of Integer File N10:0

address 15
N10:0

First Pass Bit

data

0000 1000 0000 0000

Ladder Logic to Transfer N10:0 to the Module:

address 15 data 0

When cycling power, the first pass bit
(S:1/15) is set for one scan, enabling the

s:1 — COP COPY instruction to transfer the
1 [ COPY FILE configuration word to the processor's
15 Source #N100 output image table. From there it is
Dest #0:1.0 transferred to the module in the
Length 1 processor's I/0 scan.

8. Write ladder logic to process the thermocouple input data for
your application.

SLC 500 Controller

Data Files
Input Image
(8 words| Output Image
Address
4 1.0
Channel 0 DataWord  |=— o[ ol ol ol ol o[ ol o[ of o[ of o of ol ol ol

Channel 1 Data Word

Bit 15

Channel 2 Data Word

Channel 3 Data Word

Channel 0 Status Word

Channel 1 Status Word

Channel 2 Status Word

Channel 3 Status Word

(Variable Thermocouple Input Data)

Bit0

In this example, the module is located in slot 1.

9. Apply power, download your program to the SLC processor and
put the controller into Run mode.

In this example, during a normal start up, the module status LED
indicator and channel status 0 LED indicator turn on.

INPUT

CHANNEL [ol[2]
STATUS

MODULE STATUS (] '@«— Module Status LED Indicator
THERMOCOUPLE/mV |

ISOLATED

RN

| ) | Channel LED Indicator
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22 Quick Start

Channel Configuration

Worksheet

10. Monitor the status of input channel 0 to determine its
configuration setting and operational status.

This is useful for troubleshooting when the blinking channel
LED indicates that an error has been flagged.

If the Module Status LED indicator is off, or if the Channel 0 LED
indicator is off or blinking, refer to Chapter 8.

ﬁSLC 500 Controller Data Files

Input Tmage Output Image

Error

Word 0 Channel 0 Data Word
Word 1 Channel 1 Data Word
Word 2 Channel 2 Data Word

Word 3 Channel 3 Data Word

Open Circuit Type

=
5}
3
3
k=]
S
=4
3
~N

Data Format

®
=3
=

=
5
=
5

(8 words) In this example, during normal operation only bit 11 is set.

— | Chan

Channel 0 Status Word | «——— [0 ool ol o[ o] o] o[ 0] o[ 0] 0]
° Channel 1 Status Word Bit 15 Address Bit0
. Channel 2 Status Word 1.4

Word 7 Channel 3 Status Word

Select your bit configurations. Write them at the bottom of the
worksheet. Use one worksheet for each channel.

Channel Configuration Word (0:e.0 ... 0:e.3) — Bit Descriptions

Bitor | Define | To select Set these bits in the Channel Configuration Word Description
Bits 15.12[11 109 [8[7]6[5(a[3[2[1]0
0...3 _Irnput TC Type J 0(0]0]0 Proiect
ype TC Type K 0(0(0 |1
TCTpeT ot To Slot Number
TC Type E 0 /0|1 [1 | Channel Number
TC Type R 0(111]010
TC Type S 0 (110 |1 |Configure the channel for the
TC Type B 0 [1]1 [0 | inputtype connected to it. Valid
T O[T [1] ot e
+50 mV 110 |0 |0 | Youcanconfigure the channel to read
+100 mV 1 1o o 1 ] the cold-junction (CJC) temperature.
ToTpec T T 0] Yenreedns e L g,
TC Type D 1101 |1 ]signal.
Invalid 111100
Invalid 11110 |1
Invalid 1111110
CJC Temp T(1 1111
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Channel Configuration Word (0:e.0 ... 0:e.3) — Bit Descriptions (Continued)

Bitor | Define | To select

Bits

Set these bits in the Channel Configuration Word

15...12

1"

10

9

8

7

6

3

2

Description

4,5 Data Engr. Units x1

Format ["Fror"Units x10

Scaled-for-PID

Counts

Select the channel data format
from: Engineering units (EU) x1 or
x10. For EU x1, values are in 0.1 ° or
0.01 mV. For EU x10, values are in
whole °C or °F or 0.1 mV.
Scaled-for-PID (value is the same
for any input type). Proportional
input signal range is scaled to
0...16,383 counts. Proportional
counts (value is same for any
input type). Proportional input signal
range is scaled to +32,767 counts. For
more information, refer to page 49.

6,7 Open- | Zero

circuit Upscale

Mode
Downscale

[nvalid

- = Ol o

Select module response to a
detected open-circuit from: Zero
to force the channel data word to
zero. Upscale to force the channel
data word to full scale. Downscale
to force channel data word to low
scale. Important: A bit selection or
1 1is invalid. For an open CJC
thermistor, mV channels are not
affected. Important: The module
requires 500 ms or one module
update to flag the error while it
ramps the channel input.

8 Units Degrees C

°F°C Degrees F

Select °C/°F for thermal inputs.
Ignored for mV inputs. Important: For
EU x1 and °F (0.1°F), an over-range
error will occur above 3276.7 °F
(cannot exceed 32767 counts).

9,10 Unused | Unused

These bits must be zero for a
valid configuration.

11 Chnl Channel Off

Enable [Channel On

Disable unused channels for
faster response. \When set, the
module configures the channel and
reads the channel input before
setting bit 11 in the status word. If
you change the configuration word,
the status word must reflect the
change before new data is valid. If
you clear the configuration word, the
module clears channel and status
words. For a new configuration word,
channel data and status words
remain cleared until the module sets
this bit (11) in the status word.

12...15 | Unused | Unused

0000

These bits must be zero for a
valid configuration.

Enter Your Bit Selections >>

0000

For the Channel Configuration
Word
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Chapter 3

Electrostatic Damage

Power Requirements

Install and Wire the Module

This chapter tells you how to:

e avoid electrostatic damage.

e determine the module’s chassis power requirement.
e install the module.

e wire signal cables to the module’s terminal block.

e install the ferrite collar.

Electrostatic discharge can damage semiconductor devices inside this
module if you touch backplane connector pins. Guard against
electrostatic damage by observing the following precautions.

ATTENTION Electrostatic discharge can degrade performance or cause

permanent damage. Handle the module as stated below.

e Touch a grounded object to rid yourself of charge before
handling the module.

e Wear an approved wrist strap when handling the module.

e Handle the module from the front, away from the backplane
connector. Do not touch backplane connector pins.

e Keep the module in its static-shield bag when not in use.

The module receives its power through the SLC 500 chassis backplane
from the fixed or modular +5V dc/+24V dc chassis power supply. The
maximum current drawn by the module is shown in this table.

Maximum Current

5V dc 24V dc
0.11A 0.085 A

When using the module in a modular system, add the values shown
above to the requirements of all other modules in the SLC chassis to
prevent overloading the chassis power supply.

When using the module in a fixed controller, be sure not to exceed the
power supply rating for the pair of modules in the two slot I/O chassis.
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Considerations for a Modular System
Fixed Controller Compatibility

Module BRI IS\V de i‘w dc  place your module in any slot of an SLC 500 modular, or modular

A7 Vs IiRE — expansion chassis, except for the leftmost slot (slot 0) reserved for the
Ag Ves 0'050 — SLC processor or adapter modules.

IA16 Yes 0.085 —
IM4 Yes 0.035 —
IM8 Yes 0.050 —
IM16 Yes 0.085 —

0A8 Yes 0.185 — The power supply in the two slot SLC 500 fixed 1/O chassis (1746-A2)

OAT6 Yes 0.370 — can support only specific combinations of modules.
IB8 Yes 0.050 —

Considerations for a Fixed Controller

IB16 Yes 0.085 — Refer to the table at the left or to the Chart Method below to

IV8 Yes 0.050 — determine whether the power supply can support the pair of modules.
V16 Yes 0.085 —

ove Yes 0.135 —

0vV16 Yes 0.270 — Follow these steps to use the chart to determine a valid pair of

0B8 Yes 0135 | — modules.

0G16 Yes 0.180 —
0w4 Yes 0.045 0.045

1. For both modules, add the current rating at 5V dc and again at

OWS | Yes 0085 | 0.090 24V de.

0wW16 0.170 0.180

T Ves 0.0%0 0075 2. OQ the chart, draw a horizontal line for the total 5V dc current
108 Ves 0060 | 0045 rating.

012 |Yes  |0090 |0070 o ,

N Ves 0025 0.065 3. Oq the chart, draw a vertical line for the total 24V dc current
NIO4 0055 | 0.145 ratng.

NIO4v 0.055 0.115 4. Observe the intersection; if within the chart boundary, the pair
DCM 0360 |— is OK.

HS Yes 0.300 —

0B16 Yes 0.280 —
IN16 Yes 0.085 —
INT4 Yes 0.110 0.085
BAS Yes 0.150 0.040
0B32 0.452 —
0Vv32 0.452 —
V32 Yes 0.106 —
IB32 Yes 0.106 —
0X8 Yes 0.085 0.090
NO4l 0.055 0.195
NO4V 0.055 0.145
ITB16 Yes 0.085 —
[TV16 Yes 0.085 —
KE Yes 0.150 0.040
KEn 0.150 0.145
O0BP16 | Yes 0.250 —
NT4 Yes 0.060 0.040
Fl04l 0.055 0.150
FIO4V 0.055 0.120
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27

Module Installation and
Removal

450 N\ 45.0) Module |5V dc 24V dc
0A8 0.185 0
400 INT4 0.110 0.085
Total 0.295 0.085
350
(295, 85)
300 {———— —— (295)
5V dc |
Current
o o5 : (255, 180)
|
200 |
|
|
150 A |
|
|
100 - |
|
|
50 |
: (0, 180)
| | | I
50 100 150 200

24V dc Current (mA)

IMPORTANT

Some analog I/0 modules, such as the 1746-FI04, 1746-FIO4V,

1746-N04l, and 1746-N0O4V, may require an additional 24V dc

power supply. For those modules, as needed, refer to the user

manual.

When installing the module in a chassis, it is not necessary to remove
the terminal block from the module. However, if the terminal block is

removed, use the write-on label located on the side of the terminal

block to identify the module location and type.

Write-on Label

SLOT
® MODULE

RACK
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Terminal Block Removal

ATTENTION Never install, remove, or wire modules with power applied to

the chassis or devices wired to the module.

Follow these steps to remove the terminal block.

1. Loosen the two terminal-block release screws.

To avoid cracking the terminal block, alternate between screws
as you remove them.

. Grasp the terminal block at the top and bottom and pull

outward and down.

When removing or installing the terminal block, be careful not
to damage the CJC sensors.

)

C

IR

CJC Sensors Terminal Block

Release Screws

grkkEErEEE
Elele

A
®

NG

Module Installation Procedure

Follow these steps to install a module.

1. Align the circuit board of the thermocouple module with the

card guides located at the top and bottom of the chassis.

. Slide the module into the chassis until both top and bottom

retaining clips are secured.

Apply firm, even pressure on the module to attach it to its
backplane connector. Never force the module into the slot.
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3. Cover unused slots with the Card Slot Filler, catalog number
1746-N2.

4. To remove, press the releases at the top and bottom of the
module, and slide the module out of the chassis slot.

\\\ NN
TRTHULE S S S
/

\\\\\\‘ Card Guides

N =

Top and Bottom
Releases
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Wire the Module
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The module contains a green, 18-position, removable terminal block.

Terminal Block
(Terminal Block Spare Part Catalog Number 1746-RT32)

CJC Assembly Hen @ @ | Eelease e
TCA_’ @I %| hannel 0+
) Channel 0-
—®
Do NOT use 4 @I Channel 1+
these @ Channel 1-
ggr;nsacgggz- 4- @| Channel 2+
. % @I Channel 2-
N @ Channel 3+
CJC Assembly ﬂ —@‘ @J Channel 3-
CJC B+ @
Release Screw - n/c «—— Do not connect ]

to this terminal.

F)

Disconnect power to the SLC controller before attempting to

install, remove, or wire the terminal block.

Cold-junction Compensation (CJC)

ATTENTION Do not remove or loosen the cold-junction compensating
thermistors located on the terminal block. Both thermistors are

critical to be sure of accurate thermocouple input readings at
each channel. The module does not operate in the

thermocouple mode if a thermistor is removed.

In case of accidental removal of one or both thermistors, replace them
by connecting them across the CJC terminals located at the top and/or
bottom left side of the terminal block. Always connect the red lug to
the (+) terminal (to CJC A+ or CJC B+).

CJC Connection
Thermistor
Always attach ®
red lug to the — ®

CJC+ terminal. @

Bottom of Terminal Block
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Wiring Considerations

Thermocouple inputs are highly susceptible to electrical noise due to
the small signal amplitudes (microvolt/°C). Most applications require
that the processor and I/O chassis be installed in an industrial
enclosure to reduce the effects of electrical interference. Consider the
following conditions when selecting a slot location for the module.
Position the module away from other modules that:

e connect to sources of electrical noise, such as relays and ac
motor drives.

e generate significant heat, such as 32-point I/O modules.
Follow these guidelines to wire your input signal cables.

e To limit the pickup of electrical noise, keep thermocouple and
millivolt signal wires as far from power and load lines as
possible.

e For high immunity to electrical noise, use Alpha 5121 (shielded,
twisted pair) or equivalent wire for millivolt sensors; or use
shielded, twisted-pair thermocouple extension lead wire
specified by the thermocouple manufacturer. Using the incorrect
type of thermocouple extension wire or not following the
correct polarity may cause invalid readings.

e Ground the shield drain wire at only one end of the cable. The
preferred location is at the I/O chassis ground (see page 31).
(Refer to IEEE Std. 518, Section 6.4.2.7, or contact your sensor
manufacturer for additional details.)

e Keep all unshielded wires as short as possible.

e Tighten screw terminals with care. Excessive tightening can strip
a screw.

e The open-circuit detector generates approximately 20
nano-amperes into the thermocouple cable. A total lead
resistance of 25 ohms (12.5 one-way) will produce 0.5 microvolt
of error.

e Follow system grounding and wiring guidelines found in your

SLC 500 Installation and Operation Manual, publication
1747-UMO11.
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Prepare and Wire the Cables

Follow these steps to prepare and connect cable leads and drain
Wires.

(Remove foil shield and drain wire
from sensor-end of the cable.)

Signal Wires

Drain Wire Signal Wires

(At the module-end of the cable, extract
the drain wire but remove the foil shield.)

1. At each end of the cable, strip some casing to expose individual
wires.

2. Trim signal wires to 12.5 cm (5 in.) lengths beyond the cable
casing and strip about 4.76 mm (3/16 in.) of insulation to expose
the ends of the wires.

IMPORTANT RLE the Cablg Preparation anq Conneptions to Minimize
Electrical Noise Interference illustration on page 33 for

more information about the cables.

3. At the module-end of the cables:
— extract the drain wire and signal wires.
— remove the foil shield.

— bundle the input cables with a cable strap.

4. Connect drain wires together and solder them to a 9.5 mm
(3/8 in.) wire braid, 30.5 cm (12 in.) long, keeping drain wires
as short as possible.

5. Connect the 9.5 mm (3/8 in.) wire braid to the nearest chassis
mounting bolt.

6. Connect the signal wires of each channel to the terminal block.

IMPORTANT Only after yerifying that your connections are corrgct for_ each
channel, trim the lengths to keep them short. Avoid cutting

leads too short.
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7. At the source-end of cables from mV devices:

— remove the drain wire and foil shield.

— apply shrink wrap as an option.

— connect to mV devices keeping the leads short.

IMPORTANT !f noise persists, try grounding the opposite end of the cable,
instead. (Ground one end only.)

Cable Preparation and Connections to Minimize Electrical Noise Interference

Grounded End at I/0 Chassis

Ungrounded End at Source Device

Keep the length of

unshielded wires as

Cables short as possible.

Wires )
Y Remove drain wire and
9.5mm foil shield at casing.
(3/81in.)

)

(=

Keep the length of
unshielded wires as
short as possible.

Limit braid length to 304.8 mm
(12in.) or less. Solder braid to lug
attached to bottom row of I/0
chassis bolts.

9.5mm (3/8in.) Terminal Block

<« >

Signal
Wires

| “ Solder drain

Delclelewlelclele]
RIRIElClefIIOIOKI

A XARend \Wires to braid
1 at casings.
Cables
——
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Install the Ferrite Collar For immunity to electrical noise with this CE-marked module, insert a
ferrite collar (Fair-Rite Inc. part number 0443164151) around the input
cables immediately beneath the module in the I/O chassis.

Follow these steps to install the ferrite collar.
1. Bundle the cables at the module end.
2. Fold the collar so that it encircles the cables.
3. Press the plastic housing until the collar snaps together.

4. Check that the collar is fully latched.

5. If the collar slides on the cables, use a cable tie to secure it.

Module in I/0
= = | Chassis
Bundle of Cables
Ferrite Collar in Open Collar
Before Folding ~

K Place Ferrite

Collar Here

Ferrite Collar After
Folding and Latching

Ferrite Collar
Part Number: 0443164151

Fair-Rite Inc.

PO. Box J

1 Commercial Rd.
Wallkill, NY 12589
(914) 895-2055
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Chapter 4

Module ID Code

Preliminary Operating Considerations

This chapter explains how the module and the SLC processor
communicate through the processor’s I/O image tables. It also
describes the module’s input filter characteristics. Topics discussed
include:

module ID code.

module addressing.

input channel characteristics.

e response to slot disabling.

The module ID code is a unique number assigned to each type of
1746 1I/O module. The ID defines for the processor the type of I/O
module and the number of words used in the processor’s I/O image
table.

Use the system I/O configuration display to select the 1746-INT4
module or manually enter the module ID. Do this by selecting Other
from the list of modules on the system I/O configuration display and
enter 3515, the ID code for the 1746-INT4 module.

No special I/O configuration is required. The module ID automatically
assigns the correct number of input and output words.
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Module Addressing

The following memory map shows you how the SLC processor’s
output and input image tables are defined for the module.

Memory Map

Thermocouple

Bit 15

Bit0

Channel 0 Configuration Word

Channel 1 Configuration Word

Channel 2 Configuration Word

Channel 3 Configuration Word

SLC 5/0X Module Image
Data Files Table
tout | Calibration Word
------------- Output Scan Output Image
Slot e > Words 4, 6, & 7
------------- Output Image (not defined)
Output Image 8 Words
_____________ Input Scan
_____ Slote ] Input Image
Input Image 8 Words Channel 0 Data Word
Channel 1 Data Word
Input Image
(Class 1) Channel 2 Data Word
Channel 3 Data Word
Channel 0 Status Word @
Channel 1 Status Word @
Channel 2 Status Word @
Channel 3 Status Word @
Bit 15 Bit0
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Word 0
Word 1
Word 2
Word 3

Word 5

Word 7

Word 0
Word 1

Word 2

Word 3
Word 4

Word 5
Word 6

Word 7

@ returns calibration status during calibration

Output Image — Configuration Words

Ad

Ad

Eight words of the SLC processor’s output image table are reserved for
the module. Output image words 0...3 are used to configure the
module’s input channels 0...3. Each output image word configures a
single channel, and is referred to as a configuration word. Word 5 is
used for calibration. Each word has a unique address based on the
slot number assigned to the module. (The remaining three words are

not used.)

Example Address — If you want to configure channel 2 on the module
located in slot 4 in the SLC chassis, your address would be O:4.2.

Slot
File Type / / Word
0:4.2
Element Delimiter Word Delimiter
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Chapter 6, Channel Configuration, Data, and Status, gives you detailed
bit information about the data content of the configuration word.

Input Image — Data Words and Status Words

Eight words of the SLC processor’s input image table are reserved for
the module. Input image words 0...3 (data words) hold the
temperature values of thermocouple analog inputs for channels 0...3.
The data is valid only when the channel is enabled, no errors are
detected, and not during calibration.

Input words 4...7 (status words) contain the status of channels 0...3.
Status bits for a particular channel reflect the configuration settings
that you entered into the configuration (output image) word for that
channel. To receive valid status, the channel must be enabled and the
module must have stored a valid configuration word for that channel.
During calibration, these words return calibration status.

Each input image word has a unique address based on the slot
number assigned to the module.

Example Address — To obtain the status of channel 2 (input word 6)
of the module located in slot 4 in the SLC chassis, use address 1:4.6.

Slot
File Type / Word
I:4 ‘6\
Element Delimiter Word Delimiter

Chapter 6, Channel Configuration, Data, and Status, gives you detailed
bit information about the content of the data word and the status
word.
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Input Channel
Characteristics
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Each channel has an 8 Hz digital filter for input noise rejection, a
multiplexer for processing cold junction compensation (CJC) values,
and an analog-to-digital (A/D) converter to provide digital values for
SLC processing.

Channel Cut-off Frequency, Update Time, and Step Response

The channel cut-off frequency is defined as the point on the
frequency response curve where frequency components of the input
signal are passed with 3 dB of attenuation by the input filter. All
frequency components above cut-off frequency are increasingly
attenuated. Cut-off frequency is also defined as the Normal Mode
Rejection (NMR) in dB of attenuation at 50 Hz (European) or at 60 Hz
(American).

See the Cut-off Frequencies graph on page 39.

We define module update time as the time required for the module to
sample and convert channel input signals, multiplex them with the
CJC reference value, and make the resulting values available to the
SLC processor. It is typically 200 ms for multiplexing and 200 ms for
sampling and converting.

When sampling occurs after the signal reaches 99.9% of final value,
the update time defines the minimum time (400 ms) for processing an
input signal.

When sampling occurs just before the signal reaches 99.9% of final
value, we define step response (worst-case) as the sum of the times
required for the analog input signal to change from 0...99.9% of its
expected final value (see graph). It includes the times required for:

e input filter: 180 ms.
e CJC multiplexer: 200 ms.
e A/D converter: 200 ms.

This defines the maximum time required for processing an input
signal.
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Cut-off Frequencies

Frequency Response of the 8 Hz Filter Converter Step Response (worst case) for Filter, Multiplexer, and A/D
Attenuation % of Final Value
00 db

F - - Y 100% 5 --------_2
- \ 90% = /‘/'
R/ (R S S 80% }
70% 4 '
T \ 60% 1 Multiplex CJC Values A/D Conversion

-50db e A s 50% ' (200 ms) . (200ms)
| 40% 1

»75db-\ 30% \
20% 4 :
T 10% - ‘
-100db !
1 5 10 50 100 0 60 120 180 240 300 360 420 480 540 600
Frequency — Hz Time (ms)

The following table summarizes the input channel characteristics:

Input Channel Characteristics

Corner 50/60 Hz NMR | Filter Update Step Response
Frequency Time Time (worst)
8 Hz 50 ... 60dB 180 ms 400 ms 600 ms

Effective Resolution of a Channel and Input Device

The effective resolution of an input channel depends upon the type of
input device connected to it.

For thermocouples, we define resolution as the smallest increment of
temperature that can be sampled after A/D conversion. It varies with
temperature and with the type of thermocouple.

We present a resolution graph for each type of thermocouple in
Appendix A, Module Specifications.

Millivolt devices are generally considered linear, and the effective
resolution is that of the channel itself.

Millivolt Devices

Type of Device Resolution

Thermocouple 0.05...0.75°C @ 300 °C
(32.1...33.4°F@572 °F)

depending on the thermocouple
Millivolt Sensor 3.4 pV/bit
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Response to Slot Disabling
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By writing to the status file in your modular SLC processor you can
disable any chassis slot.

Refer to your SLC programming manual for the slot disable/enable
procedure.

Always understand thg implications of disabling the module
before using the slot disable feature.

Input Response

When the slot for this module is disabled, the module continues to
update its inputs. However, the SLC processor does not read from a
module whose slot is disabled. Therefore, inputs appearing in the
processor image table remain in their last state, and the module’s
updated inputs are not read. When the processor re-enables the
module slot, the current state of module inputs are read by the
controller during the subsequent scan.

Output Response

When the slot for this module is disabled, configuration words in the
SLC processor’s output image table are held in their last state and not
transferred to the module. When the slot is re-enabled, output image
table words are transferred to the module during the subsequent scan.



Chapter 5

Access Files to Configure 1/0

There are two ways to configure the SLC chassis for a 1746-INT4
module. You can either click and drag items from the list or you can
use the Read IO Config method.

Click and Drag SOHOW these dstTps to configure the SLC chassis by clicking and
. . agging modules.
Configuration 1888 moct

1. Double-click the menu item to open the IO Configuration menu
in the RSLogix 500 software.

R

=27 Project

-

i Cortraller Properties
‘& Proces:
gL ation

il}E Channel Configuration
B muttipoint Monitor
21 Program Files

sor Status
.il

2. Place the 1746-INT4 module into the correct slot by clicking and
dragging from the list.

onfiguration o ] |
—Racks — Current Cards Available
1174644 450t Rack 7] Fiter [ 4010 5|
2 |70 Rack NotInstalled = | : Part # | Description |-]
3 [0 ok Nt <] Read |0 Config. | 1746IM16  16-nput 200/240 VAL
| Ack Hetinsals 1746-IN1E 16Imput [SINE) 24WAC/D0
1746zc-INIdi Analog 4 Ch. lzol. Current Input
EowerSupply. . 1746scINI4vi  Analog 4 Ch. Isol. Valt/Current Inp.
1746c-INO4i  Analog 4 Ch. lzol. Current Output
#] Part it | Description || [1746scND4vi Analog 4 Ch. 5ol Yol /Current Out
0 1747-L5536/C 5/05 CPU - 64K Mem, 05501 Series C 4 b=d T he e Input
1746104 Z-Input 1004120 WAL, 2-Output [RLY)
1746108 4-Input 1004120 VAC, 4-Output [RLY)
5 17461012 B-Input 1004120 VAL, B-Output (RLY)

1746101200 Blnput 24 ¥DC, B-Output [RLY)
1746 TB1E 1E6Anput [FAST]SINK] 24/DC
1746 TV 16 1Ednput [FASTISOURCE] 24¥DC
17463 8-Input (SOURCE] 24 %DLC
1746116 1E4nput [SOURCE] 24 wDC
174632 F2dnput [SOURCE] 24 VDT
1747-KE Interface Module, Series &
1747-KE Interface Madule, Senes B
1747-MMET MMET Metwork Cornm Module
1746-MPM Mold Pressure Module

Ay Config Help Hide &l Cards 1746-M14 Analog 4 Channel [nput Module j
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The I/0O Configuration is now complete. Each slot shows the
corresponding module that is located on the rack. In this
example, 1746-INT4 is in slot 1.

22 1/0 Configuration =101 %]

— Racks — Current Cards &vailable

1174644 45kt Rack =) Fiter [110 =]

2 |I/0 Rack Nt Installed = | _ Part # izsermien [«]

3 770 Fas Notimoaied <] Read |0 Canfig, | 1746AM16  16-Input 200/240 VAL

Ak HBLnEalE 17461N16 16-Input [SIME] 24¥AC/DC
1746z M4l Analog 4 Che lzol. Curent [nput
Ml 1786scIMI4vi  Analog 4 Ch, lsol. Violt /Current Inp.

1746zc-INO4i  Analog 4 Ch. lzol. Curent Output

t#l Part #t | Description | | [1746scIMO4vi Analog 4 Ch. lsal. Wolt. /Current Out

i F4E-MT 4 Ch |zolated Thermocou

0 1747-L5538/C 5/05 CPU - B4K Mem. 05507 Senes: C

1 1746-INT4 Ch lzolated ThErr|'||:||::|:|I_||:||E: |r|pl_1|, 74610 2|r'||:|ut 1004120 V.":'RE_, 2-Elut|:|ul [H LY]
2 17461416 16-lnput 10041 20 WAL 1746108 4-lnput 10020 AL, 4-Output [RLY)
3 1746-0BE 8-0utput [TRANS-5RC) 10/50 VD C 1746-1012 B-lrput 100120 VAL, B-Output [RLY)

174610120C  B-lnput 24 %D C, B-Output [RLY)
1746ITE1E TE-Input [FASTISIME] 240D0C
17461TW1E 1E-Input [FAST]SOURCE] 24vDC
1746-W8 -nput [SOURCE] 24 wDC
1746116 16-Input [SOURCE] 24 %DC
1746132 324nput [SOURCE] 24 %D
1747-KE Interface Module, Senes &
1747-KE Interface Maodule, Senes B
1747-MMET MMET Metwork Cormm b odule
1746-MPh Mald Prezzure Module

Adv Config Help Hide Al Cards 1746-M14 Analog 4 Channel Input Madule LI

Read 10 COHflg Method Follow these steps to configure the SLC chassis by using the read I/O
configuration method.

1. Double-click the menu item to open the 10 Configuration menu
in the RSLogix 500 software.

I
217 Praject =
-] Help

=17 Cortraller
@ Cortroller Properties
%% Processor Status

O [1}10 configuration
- Channel Configuration
[ Multipoirt Manitor

=2 Program Files
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2. Place the 1746-INT4 module into the correct slot by clicking
Read 10 Config.

"1/0 Configuration o ] 54|
— Racks — Current Cards Available
1[174644 4S0tRack 7| Fiter [ 1110 -
2 [1/0 Rack NotInstalled 7| : Part [ Desoritian =]
3 [0 Fack Natinaaled 7] Read |0 Config. | T7A6IMIE  16-nput 2007240 VAC
Sl [t el 5 17T46IN1E 1Bdnput [SINK) 24AC/DC
1746zc-INIdi Analag 4 Ch. |zl Current Input
MI 174Bsc-NIdvi  Analog 4 Ch. lzol, Volt /Curent Inp.
1746sc-INO4i  Analog 4 Ch. lzol. Current Output
Part # Description | 1746zc-INOdyi Analog 4 Ch, lgol Volt Aurrent Qut
0 1747-L5538/C 5705 CPU - 64K Mem, 03501 Series © ANTE b T hermocouple Input
174610 2-lmput 1004120 VAC, Z-0utput [RLY)
2 1746108 4-Input 10041 20VAC, 4-Output (RLY)
3 17461012 Belnput 1004120 VAC, B-Output [RLY)

1746-10120C  B-lnput 24 ¥DC, B-Output [RLY)
1746 TB1E TEdnput [FASTISINK] 24/DC
1746 TV 16 1Ednput [FAST][SOURCE] 24vDC
1746-v3 8-Input (SOURCE] 24 ¥DC
174616 1E6dnput [SOURCE] 24 WDC
174632 324nput [SOURCE] 24 WDC
1747-KE Interface Module, Seres &
1747-KE Interface Module, Series B
1747-MMET MMET Metwaork Carnm Module
1746-MPM I aold Pressure Module

Aidy Corfig | Help | Hide All Cards | 1746-M14 Analog 4 Channel Input Module LI

The following screen appears.

Read I0 Configration from Online Processor x|

Diriveer R oute Proceszar Node:
AB_ETHA | |local 0 Decimal [=0
48 =l | Oictal]

Lazt Configured
|4B_ETH-1 Node 0d local =l
Reply Timeout;

|1 1] [Sec. Who Active..

Cancel |

Help |

3. Select either the driver and processor node number or click Who
Active to browse for the device.

e If you selected the driver and node number, proceed to step
5.
e If you clicked Who Active, the following screen appears.
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The Who Active screen lets you to browse for the SLC device.

Communicakions

Mot Brovesing

v Autobrawse

oK I

-5 AB_DF1-2,DH-485 | | Address

H-2 AB_DF1-3, DH-485 % 10.90.1.5

E-&x AB_ETH-1, Ethernet % 10.90.122.164
o, . e !

----- ¢ 10.90.1.5, Unrece ‘g; 10.90.122.179

10.90,92.179
1 a
10.90,92.216

10.90.92.164, Ln

""" 71080122064, U 165 10 g 155 15
..... P ansodzzare, U |4 T

’ P 10,90.92, 164
----- % 10.90.122.182, U 7

7

@

-zl 10,90,92,179, Mic 1
-] 10.90,92.210, 5L jg
- 10,90,92.218, Mic ci'f 10.90.92.251
..... ‘;;) 10.90.92.251, Un F192,168.1.5
----- P 192.168.1.5, Unrt

-2 AB_ETHIP-1, Ethernet |

1] | _>|_ 4|

| Device - Cancel |
Unrecag Help |
Unrecag

Unrecog
Unrecag
Unrecag
Micralo
SLC-510

— Cumrent Selection
Server: ASLins AF1

MHode: ID Decimal =0 Octal)

Micralo
Lnrecag
Unrecog
| o
- Reply Timeout:
Dirivver; AB_ETH-1
Type: SLC500 o _ [Sec]
[T Z&pplyito Froject

4. Locate the SLC chassis under the appropriate driver and click

OK.

You return to the Read IO Config dialog.

5. Click Read IO Config and the rack is populated automatically.

The I/O Configuration is now complete. Each slot shows the
corresponding module that is located on the rack. In this
example, the 1746-INT4 is in slot 1.

0 Configuration

Rack
1174644 450t Rack 7|
2 |I/0 Rack Mot Installed = |

J Read 10 Config. |

3 |1/0 Rack Mot Installed

2 174EHATE 1E-Imput 100120 WAL
3 1746088 8-Output [TRANS-5RC) 10450 DT
Ady Config Help Hide All Cards

N [
r— Current Cards Available
Filker IAII 10 ‘I
Part # | Description |;|
174616 1EAnput 200,240 WalC
1746-IM16 TEdnput [SINK] 24vAC/DC
1746zc-INI4i Analog 4 Che 1zol. Current Input

1746zc-INl4vi  Analog 4 Che 1sol. Yol /Current Inp.
17462c-INO4i  Analog 4 Ch [sol. Current Dutput
1746zc-INO4wi Analog 4 Che 1zol. Yol /Current Dut
. olated The
nput 100120

Output [RLY)

1746108 4-Irput 10041 20%AC, 4-0utput [RLY)
17461012 EB-lnput 1001 20WAC, B-Output [RLY)
1746-1012DC  B-lnput 24 VDL, B-Output (ALY
1746-ITE1E 1EAnput [FAST]ISINK) 24¥DC
1746-1TV1E TEdnput [FAST]SOURCE) 24/DC
174618 SInput [SOURCE] 24 wDC
1746116 164nput [SOURCE) 24 WDC
1746132 324nput [(SOURCE) 24 VDC

1747-KE Interface Module, Sernes &

1747-KE Interface Module, Seriesz B

1747 MMNET MMET Mebwaork Comm Module
1746-MPh Mald Pregsure Module

1746-M14 Analog 4 Channel Input Module ;I
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Chapter 6

Channel Configuration

0.0

0.2

0.3

Oed

Channel Configuration, Data, and Status

This chapter examines channel configuration and status words, and
explains how you use them. It gives you information about how to:

e configure a channel.

e check a channel’s status.

Channel configuration words appear in the SLC controller’s output
image table as shown below. Words 0...3 correspond to module
channels 0...3. Words 4...7 are not used.

After module installation, you must configure each channel to
establish the way the channel operates (for example, thermocouple
type and temperature units). You configure the channel by setting bits
in the configuration word using your programmer. We present bit
descriptions next.

For information on addressing, using your software and programming,
refer to Chapters 4, 5, and 7, respectively.

SLC Output Image (Configuration) Words

CH 0 ConfingJration V\!ord

15 14 13 12 il 10 9 8 7 6 5 4 3 2 1 0
I CH 1I Configulration V\;ord I

15 14 13 12 N 10 I 9 I 8 I 7 I 6 I 5 4 3 2 1 0
I CH é Configulration V\;ord I

15 14 13 12 " 10 l 9 l 8 l 7 l 6 l 5 4 3 2 1 0
I CH é Configulration V\;ord I

15 14 13 12 " 10I 'EJI 8I7I6I5 4 3 2 1 0

Not Used

e = slot number of the module
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46  Channel Configuration, Data, and Status

The configuration word default settings are all zero. Next, we describe
how you set configuration bits of a channel configuration word to set
up the following channel parameters:

e Type of thermocouple or mV input
e Data format, such as engineering units, counts, or scaled for PID

e How the channel should respond to a detected open input
circuit

e Temperature units in °C or °F
e Whether the channel is enabled or disabled
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Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions

Bitor | Define | To Select Set these bits in the Channel Configuration Word Description
Bits 15..12[11[10(9[8[7[6[5[4[3[2]1]0
0...3 |Input TC Type J 0(0]0|0
Type  [TCTypeK 0001
TC Type T 0J0(1|0
TC Type E 00|11
TC Type R 1
C Type 0 00 Configure the channel for the
1C Type S 0j1]0]1 input type connected to it. Valid
TC Type B 0|1 |10 |inputsare thermocouples and analog
TC Tvoe N 0 [1 [1 |1 |inputsignals of +£50 mV and +100 mV.
ype You can configure the channel to read
50 mv 11010 10 | the cold-junction (CJC) temperature.
100 mV 110 (0 |1 | When reading the CJC temperature,
TC Type C 1o 1o the channel ignores the physical input
TC Type D 1o 7 [ Sional
Invalid 17111010
Invalid 111101
Invalid 17111110
CJC Temp 101111
4,5 Data Engr. Units x1 010 Select the channel data format
Format Engr. Units x10 07 from: Engineering units (EU) x1 or
x10. For EU x1, values are in 0.1
Scaled-for-PID 110 degrees or 0.01 mV. For EU x10,
Counts 111 values are in whole °C or °F or
0.1 mV. Scaled-for-PID (value is
the same for any input type).
Proportional input signal range is
scaled to 0...16,383 counts.
Proportional counts (value is
same for any input type).
Proportional input signal range is
scaled to +32,767 counts. For more
information, refer to page 49.
6,7 Open- | Zero 010 Select module response to a
circuit Upscale 01 detected open-circuit from: Zero
Mode to force the channel data word to
Downscale 10 zero. Upscale to force the channel
Invalid 111 data word to full scale. Downscale
to force channel data word to low
scale. Important: A bit selection or
1 1is invalid. For an open CJC
thermistor, mV channels are not
affected. Important: The module
requires 500 ms or one module
update to flag the error while it
ramps the channel input.
8 Units Degrees C 0 Select °C/°F for thermal inputs.
°F, °C Degrees F 1 Ignored for mV inputs. Impertant: For
EU x1 and °F (0.1 °F), an over-range
error occurs above 3276.7 °F (cannot
exceed 32767 counts).
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48  Channel Configuration, Data, and Status

Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions (Continued)

Bitor | Define | To Select Set these bits in the Channel Configuration Word Description
Bits 15..12[11[10]9[8[7[6[5[a]3[2]1]0
9,10 Unused | Unused 0 (0 These bits must be zero for a
valid configuration.
1" Chnl Channel Off 0 Disable unused channels for
Enable [CrannelOn 1 faster response. \When set, the

module configures the channel and
reads the channel input before
setting bit 11 in the status word. If
you change the configuration word,
the status word must reflect the
change before new data is valid. If
you clear the configuration word, the
module clears channel and status
words. For a new configuration word,
channel data and status words
remain cleared until the module sets
this bit (11) in the status word.

12...15 | Unused | Unused 0000 These bits must be zero for a
valid configuration.
Enter Your Bit Selections >> 0000 Selected Configuration Word
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Select the Correct Data Format

To provide the highest display resolution, select Scaled-for-PID or
Proportional Counts. To use either one, you may have to convert
channel data to/from Engineering Units, manually or logically.

The following examples show you how to do this.
Use Scaled-for-PID and Proportional Counts

You must obtain the minimum (§; ) and maximum (Sg;gy) values

of the temperature or millivolt range for the channel’s input type, and
use them in your computations.

We present these values in the section Using Channel Data Words on
page 51, in the table Format of a Channel Data Word.

Scaling Examples: Convert Between Units

Convert from Scaled-for-PID to Equivalent Engineering Units in °C
Equation: Engr Units Equivalent = Stow + [Shigh — Stow) x (Scaled-for-PID value displayed / 16,384)]
Assume type J input type, scaled-for-PID, channel data = 3421.
From Channel Data Word Format table, S gy =—210 °C and Sygy = 760 °C.

Solution:  Engr Units Equivalent = -210°C +[(760 °C —(-210 °C)) x (3421 / 16,384)] = -7.46 °C

Convert from Engineering Units in °C to Equivalent Scaled-for-PID Count

Equation: Scaled-for-PID Equivalent = 16,384 x [(Engineering Units desired — S;gw) / (SpigH — Stow!
Assume type J input type, scaled-for-PID, desired channel temp. = 344 °C.
From Channel Data Word Format table, S gy =—210 °C and Sygy = 760 °C.

Solution:  Scaled-for-PID Equivalent = 16,384 x [(344 °C —(-210 °C)) / (760 °C —(-210 °C))] = 9357.

Convert from Proportional Counts to Equivalent Engineering Units in °F
Equation: Engr Units Equivalent = Stow + [(Shign — Stow) x [(Proportional Counts value displayed + 32,768) / 65,536]]

Assume type E input type, proportional counts, channel data = 21,567 counts.
From Channel Data Word Format table, Sy gy = —454 °F and Sygy = 1832 °F.

Solution:  Engr Units Equivalent = -454 °F +[[1832 °F — (-454 °F)] x [(21,567 + 32,768) / 65,536]] = 1441.3 °F

Convert from Engineering Units in °F to Equivalent Proportional Counts
Equation: Proportional Counts Equivalent = {65,536 x [(Engineering Units desired — S| gw) / (Syign — Siow)l} — 32,768

Assume type E input type, proportional counts, desired channel temp. = 1000 °F.
From Channel Data Word Format table, Sy gy = -454 °F and Sy gy = 1832 °F.

Solution: Proportional Counts Equivalent = {65,536 x [(1000 °F —(-454 °F)) / (1832 °F — (-454 °F))]} — 32,768 = 8916 counts.
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50  Channel Configuration, Data, and Status

Channel Configuration
Procedure

Publication 1746-UM614B-EN-P - September 2007

Use this procedure once for each channel to set configuration bits that
determine channel operation. Copy it as needed to write down
configuration selections of all your channels.

Use the table of bit descriptions and the blank configuration
worksheet in Appendix B.

1. Determine the input device type (thermocouple or mV) for a
channel and enter its respective four digit binary code in bit field
0...3.

2. Select the data format for the data word.

Your selection determines how the analog input from the A/D
converter is expressed in the data word.

3. Enter your two digit binary code in bit field 4...5.

4. Determine the desired change to the channel data word when
the module detects an open input circuit.

Enter the two digit binary code in bit field 6...7.
5. If the channel is configured for thermocouple inputs, determine

if you want channel data in degrees Fahrenheit or Celsius, and
set bit 8 accordingly.

IMPORTANT gthe channel is configured for a mV analog sensor, set bit 8 to

6. Enable the channel by setting bit 11.
Default disables the channel.
7. Verify that bits 9, 10, and 12...15 are zero.
8. Repeat steps 1...7 for each channel used.
9. After entering your ladder logic to transfer data to the module,

switch the SLC controller to Run mode to download channel
configurations.
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Use Channel Data Words Thermocouple or millivolt input data reside in I:e.0 to I:e.3 of the SLC
controller’s input image file (where e is the slot number assigned to
the module). The values depend on the input type and data format
that you select. When an input channel is disabled, its data word is
reset (0).

SLC Controller’s Input Image File (Data Word)
Ore.0 o EJChanm;lI Data V\:/ord '
B 14 13 12 110 9 8 7 6 5 4 3 2 1 0
Oe.1 CH]' Channél Data VS/ord
B 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0.2 : CH .é Channe:l Data V\Zord :
1B 14 13 12 110 9 8 7 6 5 4 3 2 1 0
0e3 I CHé Channél Data V;/ord I
5 4 1@z nm w9 8 7 5 5 4 3 2 1 0
Format of a Channel Data Word
Input Type | Data Format
Engineering Units x 10 Engineering Units x 1 Scaled-for-PID | Proportional
° Celsius ° Fahrenheit ° Celsius ° Fahrenheit Counts
C 0...2317 32...4201 0...23,170 320...32,767 0...16,383 -32,768...32767
D 0...2317 32...4201 0...23,170 320...32,767 0...16,383 -32,768...32,767
J -210...760 -346...1400 -2100...7600 -3460...14,000 0...16,383 -32,768...32,767
K -270...1370 -454...2498 -2700...13,700 -4540...24,980 0...16,383 -32,768...32,767
T -270...400 -454. . 752 -2700...4000 -4540...7520 0...16,383 -32,768...32,767
E -270...1000 -454...1832 -2700...10,000 -4540...18,320 0...16.383 -32,768...32,767
R 0...1768 32...3214 0...17,680 320...32,140 0...16,383 -32,768...32,767
S 0...1768 32...3214 0...17,680 320...32,140 0...16,383 -32,768...32,767
B 300...1820 572...3308 3000...18200  |5720..32767%  |0...16,383 -32,768...32,767
N 0...1300 32...2372 0...13,000 320...23720 0...16,383 -32,768...32,767
#50 mV 50,50 5050 -500.. 500" -500.. 500" 0...16,383 -32,768...32,767
£100mV 1 -1000...1000" | -1000...1000"" | -10000...10,000!" | -10000...10,000" |0...16.383 -32,768...32,767
CJC Sensor | 0...85 32..185 0...850 32...1850 0...16,383 -32,768...32,767

)

(2)

When millivolts are selected, the temperature setting is ignored. Analog input data is the same for either °C or °F selection.

Type B, C, and D thermocouples cannot be represented in engineering units x 1 (°F) above 3276.7 °F. Software treats it as an over-range error.
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Resolution of a Channel Data Word

Input Data Format
Type Engineering Units x 10 Engineering Units x 1 Scaled-for-PID Proportional Counts
°Celsius | ° Fahrenheit | ° Celsius ° Fahrenheit | ° Celsius ° Fahrenheit | ° Celsius ° Fahrenheit
C 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.1414°C/step | 0.2564 °C/step | 0.0353 °C/step | 0.0641
°C/step
D 1°C/step | 1°F/step 0.1°C/step | 0.1°F/step | 0.1414 °C/step | 0.2564 °C/step | 0.0353 °C/step | 0.0641
°C/step
J 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.0592°C/step | 0.1066 °F/step | 0.0148 °C/step | 0.0266 °F/step
K 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.1001°C/step | 0.1802 °F/step | 0.025°C/step | 0.0450
°F/step
T 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.0409°C/step | 0.0736 °F/step | 0.0102 °C/step | 0.0184 °F/step
E 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.0775°C/step | 0.1395 °F/step | 0.0194 °C/step | 0.0349 °F/step
R 1°C/step 1 °F/step 0.1°C/step | 0.1 °F/step 0.1079°C/step | 0.1942 °F/step | 0.0270 °C/step | 0.0486 °F/step
S 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.1079°C/step | 0.1942 °F/step | 0.0270 °C/step | 0.0486 °F/step
B 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.0928 °C/step | 0.1670 °F/step | 0.0232 °C/step | 0.0417 °F/step
N 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.0793°C/step | 0.1428 °F/step | 0.0198 °C/step | 0.0357 °F/step
+0my! | 0.1 mV/step | 0.1 mV/step | 0.01 mV/step | 0.01 mV/step | 6.104 pV/step | 6.104 pV/step | 3.40 pV/step 3.40 pV/step
+100mvit | 0.1mV/step | 0.1mV/step | 0.01TmV/step | 0.01mV/step | 13.6 pV/step | 13.6 pV/step 3.40 pV/step 3.40 pV/step
gJC 1°C/step 1 °F/step 0.1°C/step | 0.1°F/step | 0.0052°C/step | 0.0093 °F/step | 0.0013 °C/step | 0.0023 °F/step
ensor

" When millivolts are selected, the temperature setting is ignored. Analog input data is the same for either °C or °F selection.
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Use Channel Status Words

Oe4

0.6

0.7

Channel status words are stored in the SLC controller’s input image
file at addresses I:e.4 to I:e.7 (where e is the slot number assigned to
the module). Status words 4...7 correspond to and reflect the
configuration of channels 0...3 (O:e.0...0:e.3).

Whenever a channel is disabled (O:e.x/11 = 0), its corresponding
status word is zero. This condition tells you that input data contained
in the channel data word is invalid and should be ignored.

IMPORTANT The status word from a disabled channel is always zero.

The status word of an enabled channel indicates the following status:

e Bits 0...10 reflect the channel configuration

e Bit 11 indicates whether the channel is enabled or disabled
(configuration)

e Bits 12...15 indicate detected faults should they occur

We present status words as they appear in the input image table at
Le4.. .Le7.

Module Input Image (Status Words)

T T T T T

CH p Channell Statuleord

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
' CH 1' Channell Status Word '

15 14 13 12 " 10 l 9 l 8 l 7 l 6 l 5 4 3 2 1 0
' CH é Channell Status Word '

15 14 13 12 11 10 l 9 l 8 l 7 l 6 l 5 4 3 2 1 0
' CH é Channell Status l\/Vord '

15 14 13 12 1 10 l 9 l 8 l 7 l 6 l 5 4 3 2 1 0

1 = detected open input condition — Reflect the Configuration Word
1 = detected under-range input value

1 = detected over-range input value
1 = detected invalid channel configuration
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Channel Status Word, Channels 0...3 (l:e.4 through l:e:.7) — Bit Definitions

With This Bit Code

Bitor | Reflect/ | Configured for
Bits Indicate
0...3 |[Input TC Type J
Type TC Type K
TCType T
TC Type E
TC Type R
TC Type S
TC Type B
TC Type N
+50 mV
100 mV
TC Type C
TC Type D
Invalid
Invalid
Invalid
CJC Temp
4,5 Data Engr. Units x1
Format  "Fror Units x10
Scaled-for-PID
Counts
6,7 :)pen Zero
I\II]Igl(]ite Upscale
Downscale
Invalid
8 Units Degrees C
°F.°C Degrees F
9,10 Unused | Unused
1" Chnl Channel Off
Enable  [Channel On

151413 |12|11 (10|98 |7 |6|5|4 |3

Reflects Configuration in
Bits 0...11 and Indicates
Detected Faults in Bits
12...15
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Reflects the type of channel
input.

The module faults when it
detects an invalid
configuration.

Reflects the type of data
format.

Reflects module response to a
detected open input circuit (for
all input types including CJC
thermistor). The module faults
when it detects an invalid
configuration.

Reflects temperature units.

Faults when it detects a
non-zero value.

Reflects enabled/disabled
channel status. Status word of
a disabled channel is zero.
Channel data and status words
remain cleared until the
module sets this bit in
response to a new
configuration word.
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Channel Status Word, Channels 0...3 (l:e.4 through l:e:.7) — Bit Definitions (Continued)

Bitor | Reflect/ | Configured for | With This Bit Code Reflects Configuration in
Bits Indicate 151181131 12]11]10/9/8]71615/a131211]0 Bits 0...11 and Indicates
Detected Faults in Bits
12...15
12 Open Diagnostics 0 Condition not detected.
Input 1 Detected open input.
13 Under- Diagnostics 0 Condition not detected.
range Detected under-range input.
14 Over- Diagnostics 0 Condition not detected.
range 1 Detected over-range input.
15 Invalid Diagnostics 0 Condition not detected.
Config 1 Detected invalid configuration.

Detected Faults Indicated by Bits 12...15

When the module detects any of the conditions described for bits
12...15, it:

e sets the corresponding bit.

e blinks the status LED on the front panel for the channel having
the fault.

The module is designed to detect the following fault conditions.
Open-circuit Detection (Bit 12)

The module tests all enabled channels for an open-circuit condition
each time it scans its inputs. Possible causes of an open circuit
include:

e broken thermocouple or CJC thermistor.

e thermocouple or CJC thermistor wire cut or disconnected.
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Out-of-range Detection (Bit 13 for under-range, bit 14 for over-range)

The module tests all enabled channels for an out-of-range condition
each time it scans its inputs. Possible causes of an out-of-range
condition include:

e the temperature is too hot or too cold for the thermocouple
being used.

e a type B, C, or D thermocouple may be registering a °F value in
EU x1 beyond the range allowed by the SLC processor (beyond
32,767) for the data word.

e a CJC thermistor may be damaged or the temperature within the
cabinet containing the module may be outside the CJC
thermistor range limits.

Invalid Channel Configuration (Bit 15)

The module sets this fault bit when it detects the following invalid
configurations:

e Configuration bits 0...3: invalid input type=1100,0r 110 1,
or1110

e Configuration bits 6...7: invalid code for open circuit mode = 1 1

e Configuration bits 9...10, and 12...15: invalid non-zero bit
setting
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Chapter 7

Processor Basics

Ladder Programming Examples

Earlier chapters explained how configuration words define channel
operation. This chapter shows examples of ladder logic that you write
to:

e load configurations into the output image file to be scanned to
the module.

e change the configuration of a channel.
e verify that the change in configuration occurred.
e process a channel input value with a PID instruction.

e monitor channel status.

We start with some basic concepts of the SLC processor.

For the examples in this chapter, we have assigned the module to slot
3 and have addressed ladder logic files in the SLC processor as
follows:

e Configurations are stored in words 0...3 of integer file #N10
e Configurations are scanned to the module from output image
words O:3.0 through 0:3.3

e Channel data words and channel status words are scanned from
the module into input image words 1:3.0 through 1:3.3 and
I:3.4 through 1:3.7, respectively

During the program scan, the SLC processor follows the ladder logic
instructions that you create to perform such functions as:

e copy or move configurations from integer file #N10 to the
output image file to be scanned to the module during the next
I/O scan.

e verify a change in configuration by comparing the channel status
word with the channel configuration word for equality.

e examine channel status bits to see if the module flagged a fault
condition.

e autocalibrate a channel by cycling the channel enable bit on and
off.
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During the I/O scan, the SLC processor scans configuration words
from its output image file to the module, and scans data and status
words from the module to its input image file. The SLC processor

scans its I/O following each program scan.

We repeat the configuration word because it is used often in the
examples.

Configuration Word

Toaad [0 [oo] [] [ o] 4] [3oi

Not Used Channel NotUsed Temp Responseto Data Type
Enable Units Open-circuit Format of Input
0 =Disable 0=°C 00=zero 00=EUxX1 0000=Typed 0110=TypeB
1 =Enable 1=°F 01=FS 01=EUx10 0001=TypeK 0111=Type N
10=LS 10=ScaledPID 0010=TypeT 1000=+50mV
11=PropCounts 0011=TypekE 1001=+100 mV
Example Configuration Word with These Parameters: 0100=TypeR 1010=TypeC
channel enabled, °C, zero for open-circuit, EU x10, Type K thermocouple 0101=Type S 1011=TypeD

Lo o] of o Lol of [ofr] Lofofofr]

Load Channel This example shows you how to set configuration bits and transfer
Confi gur ations for Transfer configuration data of all four channels to the module with a single File

Copy instruction.
to the Module

1. In RSLogix 500 software, open the data file N10 to configure the
module parameters.

[M10:3/0 | Faic Binary -
Spmbol: | | (Lt I 16 = |

Desc: | |

N10 :ll Erupertiesl Uzage | Help |
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Change a Channel
Configuration

2. Program a rung of ladder logic to copy the integer file #N10 into
output image file O:3.0 through O:3.3.

First Pass Bit Initialize NT4
| s ~ coe
1 & COPY FILE
15 Source #N10:0
Dest #0:3.0
Length 4

When cycling power, bit S:1/15 is set for the first program scan. It enables the Copy
instruction to load configurations into the output image file for transfer to the module in the

The following example explains how to change the channel
configuration word when the channel is currently enabled.

EXAMPLE Change the channel configuration word to read the temperature
inside the control cabinet as read by the CJC thermistor. Then

restore the original channel configuration.

We use #N10:4 to store the new configuration word. Consider input
1:1.0/0 as a push button switch for changing configurations. The
one-shot instruction OSR enables the Copy instruction once no matter
how long the operator presses the push button switch.
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Program
Rung 2:0 Set up all four channels
s:1 — COP
1 COPY FILE
15 Source #N10:0
Dest #0:3.0
Length 4
Rung 2:1
Set channel 2 to CJC
— MOV
I:1.0 B3 MOVE
1t [0SR} Source N10:4
0 0
Dest 0:3.2
Rung 2:2
Set channel 2 back to Type K
I:1.0 B3 - Mov
1/% [OSR] MOVE
0 1 Source N10:2
Dest 0:3.2
Rung 2:3
|END|

4| -
[M1m0/0 | Hadi:-::lBinaf.'r' 'I
Syrmbal: | | Emumn$|15 vl

Desc: | |

10 jl Elopertiesl Uzage | Help |

IMPORTANT While th_e mpdule changes the channel configuration, it does
not monitor inputs to any channel.

For the delay in reading inputs, refer to Channel Cut-off
Frequency, Update Time, and Step Response in Chapter 4.
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Verify Changes to a
Channel Configuration

Rung 2:0

Rung 2:1

Rung 2:2

Rung 2:3

Rung 2:4

When changing a channel configuration, there is always a delay until
the ladder logic reads the new data word based on the new
configuration. Therefore, it is important to verify that the module
successfully stored the new channel configuration word. The
following example explains how to verify a change to a channel
configuration.

EXAMPLE

Change the channel configuration word and verify the change
by comparing the resulting status word with the configuration
word for equality.

We do this by adding rung 2:3 to the rungs in the previous example.

Program
Set up all four channels
s:1 - cop
1 L COPY FILE
15 Source #N10:0
Dest #0:3.0
Length 4
Set channel 2 to CJC
I:1.0 B3 el
L. . MOVE
1k [OSR] Source N10:4
0 0
Dest 0:3.2
Set channel 2 back to Type K
I:1.0 B3 — MoV
1/ E——1IO0SsR] MOVE
0 1 Source N10:2
Dest 0:3.2
Check that the configuration written to channel 2
is being echoed back in channel 2's status word. Data valid
— EQU B3
EQUAL ( r—
Source A I:3.6 3
Source B 0:3.2
151413121110 9 8 7 6 § 4 3 2 0

1
1
1
1
1

I ]

| T | Radis | Binary -
Symbal: | Eolumns:lﬂ
Dese: [ |
10 j Fropetties Usage | Hep |
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Process a Channel Input
with the PID Instruction

Rung 2:0

Rung 2:1

Rung 2:2

Rung 2:3
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The module was designed to input a channel directly to a PID
instruction of an SLC 5/02 processor or later without the need of an
intermediate scale operation.

EXAMPLE Use chapnel data as the process variable for the PID
Instruction.

Use channel data as the process variable for the PID instruction.

1. Select scaled-for-PID as the data type in the channel
configuration word.

2. Specify channel data word as the process variable for the PID
instruction.

In this example, the value 2081 is the numeric equivalent of
configuration word N10:0 for channel 0. It is configured for a type K
thermocouple, scaled-for-PID, zero the signal for an open input, °C,
and channel enabled.

Program
First Pass Bit Initialize Channel 0
S:1 — MoV
1 E MOVE
15 Source N10:0
2081
Dest 0:3.0
0
Channel 0 Status
I:3.4  PID
—] f PID I—
11 Control Block N11:0
Process Variable I:3.0
Control Variable N11:23
Control Block Length 23
— SCL
SCALE
Source N11:23
Rate [/10000]
Offset
Dest
Rate and Offset values depend on your application. The Destination will typically be an
analog output channel. For specific examples of the SCL instruction, refer to the Analog,|/0
Modules User Manual.
|END ‘
73 Data File N10 {bin) — MOD_CONFIG

151413121110 9 6 7 & 5 4 3 2

s

Moo/ | Radi] Binaw &

Symbo | | Colunrs (15 =]

Desc: | |
w0 = Blopeties Usage | telp |
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Monitor Channel Status This example shows how you could monitor the open-circuit error bit
Bits of each channel and set an alarm bit if the module detects an open

input. An open-circuit error can occur if a thermocouple or CJC
thermistor wire breaks or becomes disconnected from the terminal
block.

In this example, we monitor the channel enable bit (bit 11) and the

open-input bit (bit 12) in channel status words I:3.4 through 1:3.7, and
use output image bits O:2.0/0...3 as alarm bits.

IMPORTANT If a CJC thermistor is not installed or is damaged, all four
alarms are set, and all four channel LEDs blink.
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Program
Rung 2:0 First Pass Bit Initialize NT4
S:1 — CoP
] f COPY FILE
15 Source #N10:0
Dest #0:3.0
Length 4
Rung 2:1 Channel 0 Channel 0 Channel 0
Status Open Alarm
I:3.4 I:3. 0:2.0
—1 [ 1 ()
11 12 0
Rung 2:2 Channel 1 Channel 1 Channel 1
Status Open Alarm
I:3.5 I:3. 0:2.0
—] 1t ()
11 12 1
Rung 2:3 Channel 2 Channel 2 Channel 2
Status Open Alarm
I:3.6 I:3.6 0:2.0
—1 1 ()
11 12 2
Rung 2:4 Channel 3 Channel 3 Channel 3
Status Open Alarm
I:3.7 I:3.7 0:2.0
— t 1 i ()
11 12 3
Rung 2:5
| ENDY

[M1D:3/0 | Riacic | Binary |
Symbol: [ | Columns; I 16 VI
Desc: | |
MN10 :II Properties Usage | Help |
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Chapter 8

Module and Channel
Diagnostics

Module Diagnostics and Troubleshooting

This chapter describes troubleshooting with channel-status and
module-status LED indicators. It explains the types of conditions that
might cause the module to flag an error, and suggests what corrective
action you could take. Topics include:

e module and channel diagnostics.

e status indicators.

troubleshooting flowchart.

replacement parts.

e contacting Rockwell Automation.

The module operates at two levels.

e Module level

e Channel level

Module level operation includes functions such as cycling power,
configuration, and communication with the SLC processor. ON
indicates the module is OK. OFF indicates a fault.

Channel level operation includes functions such as data conversion
and open-circuit detection. ON indicates the channel is OK. Blinking
indicates a fault.

The module performs internal diagnostics at both levels, and
immediately indicates detected error conditions with either of its status
LED indicators. When a status LED indicator is continuously ON, the
status is OK.

Module Diagnostics When Cycling Power

When you cycle the module’s power, the module performs a series of
internal diagnostic tests. If the module detects a failure, its module
status LED indicator remains off.
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Channel Diagnostics

When a channel is enabled, the module checks for a valid
configuration. Then on each scan of its inputs, the module checks for
out-of-range and open-circuit fault conditions of its inputs including
the CJC thermistor.

When the module detects a failure of any channel diagnostic test, it
causes the channel status LED indicator to blink and sets the
corresponding channel fault bit (bits 12...15 of the channel status
word). Channel fault bits and LED indicators are self-clearing when
fault conditions are corrected.

IMPORTANT If yOE[J clear the channel enable bit, channel status bits are
reset.

LED Indicators The module has five status LED indicators.

e Four channel-status LED indicators, numbered to correspond
with each channel

e One module-status LED indicator
LED Indicators

INPUT
ISOLATED

-
gI%IAA{\'U'\ISEL @ E LED Indicators for Channels 0...3
I EE N

MODULE STATUS [ ] — LED indicator for Module Status
THERMOCOUPLE/mV

LED Indicator Troubleshooting Tables

Module-status LED Indicator

If module status LED | Then Take this corrective action

indicator is

On The module is OK. No action required.

off The module is turned off, or it detected a module fault. | Cycle power. If the condition persists, call your local
distributor or Allen-Bradley customer service for
assistance.
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Module-status and Channel-status LED Indicators

If Module Status
LED Indicator is

And Channel
Status LED
Indicator is

Then

Take This Corrective Action

On

On

The channel is enabled.

No action required.

Blinking The module detected: Examine error bits in the status word:
open-circuit condition if bit 12 =1, the input has an open-circuit;
under-range condition if bit 13 =1, the input value is under-range;
over-range condition if bit 14 =1, the input value is over-range;
channel configuration error. if bit 15 =1, the configuration is invalid.

off The module is cycling power, or the | No action required.

channel is disabled.

Channel-status LED Indicators (green)

The channel-status LED indicator operates with status bits in the
channel status word to indicate the following faults detected by the

module:

e Invalid channel configuration

® An open-circuit input

e Out-of-range errors

When the module detects any of the following fault conditions, it
causes the channel-status LED indicator to blink and sets the
corresponding fault bit in the channel status word. Channel fault bits
(bits 12...15) and channel-status LED indicators are self-clearing when
fault conditions are corrected.

Open-circuit Detection (Bit 12)

The module tests all enabled channels for an open-circuit condition
each time it scans its inputs. Possible causes of an open-circuit

include:

e broken thermocouple or CJC thermistor.

e thermocouple or CJC thermistor wire cut or disconnected.
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Out-of-range Detection (Bit 13 for under-range, bit 14 for over-range)

The module tests all enabled channels for an out-of-range condition
each time it scans its inputs. Possible causes of an out-of-range
condition include the following:

e The temperature is too hot or too cold for the thermocouple
being used.

e A type B thermocouple may be registering a °F value in EU x1
beyond the range allowed by the SLC processor (beyond 32,767)
for the data word.

e A CJC thermistor may be damaged or the temperature within the
cabinet containing the module may be outside the CJC
thermistor range limits.

Invalid Channel Configuration (Bit 15)

The module sets this fault bit when it detects any of the following
invalid configurations:

e Configuration bits 0...3: invalid input type=1100,0r 110 1,
or1110
e Configuration bits 6...7: invalid code for open circuit mode = 1 1

e Configuration bits 9...10, and 12...15: invalid non-zero bit
setting

Module-status LED (green) Indicator

The module-status LED indicator shows when the module detects a
non-recoverable fault when power is cycled or during operation. For
this type of fault, the module:

® no longer communicates with the SLC processor.
e disables all channels.

e clears all data and status words.

A module failure is non-recoverable and requires the assistance of
your local distributor or Allen-Bradley Support Services (see Preface).
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Troubleshooting Flowchart

Check LED
indicators on
module.

' '

Module Status
LED indicator off.

Module Status
LED indicator on.

Channel Status LED
indicator(s) blinking.

¢ |

Normal module /
operation.

Module fault
condition.

Fault condition.

\
Check to see that

]

End

module is seated
properly in chassis.
Cycle power.

Avre faulted channels
configured for mV or
thermocouple input?

s more than one LED
indicator blinking?

lYes

CJC fault has
occurred.

l

thermocouple

Check channel
status word
bits 12...15.

Check that wiring is secure at
both CJC assemblies and
that the temperature within
the enclosure is in the range
limits of the CJC sensor.
(Refer to page 9.) Retry.

Is problem Yes Is problem
corrected? corrected?
No

Contact your local
distributor or
Allen-Bradley.

Contact your local
distributor or
Allen-Bradley.

!

'

Channel Status
LED indicator off.

Channel Status
LED indicator on.

y

Channel is not
enabled.

\

Channel enabled
and working
properly.

Enable channel if
desired by setting
channel config. word
(bit 11 =1). Retry.

Configuration error. Check
configuration word bits 0...3
for valid input type
configuration as well as bits
6and 7 for valid configuration
setting. Retry.

Over-range condition exists.
The input signal is greater than
the high scale limit for the
channel or the CJC
connections. Correct and Retry.

Under-range condition exists.
The input signal is less than
the low scale limit for the
channel or the CJC
connections. Correct and Retry.

Yes

Is problem
corrected?

No

Bit 15
> set(1). ™
Bit 14
™ set(1). ™
Bit 13
™ set). [T
Bit 12
> oset(1). [

An open-circuit condition is
present. Check channel and CJC

wiring for open or loose >

connections. Retry.

Contact your local
distributor or
Allen-Bradley.
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Rep|acement Parts The module has the following replaceable parts.
Part Part Number
Replacement Terminal Block 1746-RT32
Replacement Terminal Cover 1746-R13 Series B
1746-INT4 User Manual 1746-UMG14
cOntacting Rockwell If you need to contact Rockwell Automation for assistance, please

Automation

have the following information available when you call:

e A clear statement of the problem including a description of what
the system is doing, LED indicator status, and bit status of I/O
image words (channel configuration and status) for the module

e Fault code if the SLC processor is faulted

e Processor type and firmware (FRN) number from label on

processor

e A list of things you have already tried to remedy the problem

e Hardware types in the system including I/O modules and

chassis
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Chapter 9

Basic Example
(to display a temperature)

Application Programming Examples

This chapter provides two application examples to help you use the
module.

e Basic example

e Supplementary example
The basic example lets you display a temperature.

The supplementary example lets you manually select the display of
temperature in °C or °F.

This example lets you display the temperature of a bath °F on an LED
indicator display device. The display device requires BCD data, so the
program must convert the temperature reading to BCD.

SLC 5/02 Processor 1746-0B16
1746-INT4 Thermocouple Type J
o A
~ ; 7

o/ [O] Bath
']~ LED Indicator Display -~

(dc sinking inputs, BCD format)

Channel Configuration

Configure the thermocouple channel with the following setup:

e Type J thermocouple (bits 3...0)
e °F displayed in whole degrees with EU = x10 (bits 8, 5, 4)

e Set the data word to zero in the event of an open-circuit

(bits 7, 6)
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Configuration Word
(] [0 9] [a] [7 6] [5 o] [5 2 10
Not Used Channel NotUsed Temp Responseto Data Type
Enable Units Open-circuit Format of Input
0=Disable 0=°C 00=zero 00=EUx1 0000=Type J 0110=TypeB
1 =Enable 1=°F 01=FS 01=EUx10 0001=TypeK 0111=TypeN
10=LS 10=ScaledPID 0010=TypeT 1000=0...100 mV
11=PropCounts 0011=TypekE 1001=+100
Example Configuration Word with These Parameters: 0100=TypeR 1010=Type C
channel enabled, °F, zero for open-circuit, EU x10, Type J thermocouple 0101=Type S 1011=TypeD
(ol o[ o[ of [1] [l o] [1] [o o] [o[ 1] [of o] o]0
Program
Rung 2.0 First Pass Bit Initialize Channel 0
H S:1 — MOV
—1 MOVE
15 Source N10:0
Dest 0:3.0

Rung 2.1

Convert the channel 0 data word (° F) to BCD and write this to the LED indicator display.

— TOD
TO BCD
Source I:3.0
Dest N7:0
— MVM*
MASKED MOVE
Source N7:0
| Mask OFFF
Dest 0:2.0

The use of the masked move instruction with the OFF mask lets you use outputs 12, 13, 14 and 15 for other
output devices in your system. The seven segment display uses outputs 0 ...11.

Rung 2.2
‘ |END} H
| |
Data Table
address 15 data 0 address 15 data 0
N10:0 0000 1001 0001 0000
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Supp'ementary Examp|e This example shows how to display the temperature of several

. o ° thermocouples at display panel. A selector switch (I:2/0) lets the
(seIECt dlsplay in °C or F) operator Cfll)oose betvSee}rll I(D:lisplaying temperatures in °C or °F. A
second selector switch (1:2/1) lets the operator switch a display
between the ambient temperature near the bath and the temperature
inside the control cabinet containing the SLC controller. Each display
is a four digit, seven segment LED indicator display with the last digit
representing tenths of a degree. The displays have dc-sinking inputs
and use a BCD data format.

1746-INT4  1746-1B8 (5).1746-0B16
SLC 5/02 Processor\ /

\‘ O\ __, [O\

= \g T
! .

Ambient Temperature
Thermocouple Type T
O] O] \
Display Panel
: Chilled H20 Pipe
(O Cabinet
:( Ambient Bath Steam Chilled H,0
R Nl 151151151.151 - 151151_151 Chilled
Thermocouple
Cabinet Bath
OC OF b
{} . l}& ihermtjocouple Type K
Ambient Pt \‘/pe_/
- Steam Thermocouple
-
Selector Switches v Steam Pipe

(I:2/1) and (1:2/0)
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Channel Configuration

All channels are configured for:

e display temperature to tenths of a degree.
e zero data word in the event of an open-circuit.

Configuration setup for ambient thermocouple:

e channel 0.

e type T thermocouple.

Configuration setup for bath thermocouple:

e channel 1.

¢ type J thermocouple.

Configuration setup for steam thermocouple:

e channel 2.

e type K thermocouple.

Configuration setup for chilled H2O thermocouple:

e channel 3.

e type J thermocouple.

Configuration setup for cabinet temperature:

e channel 0.

e CJC temperature.

Configuration Word

(15 14 13 2] [1r] [r0 o] [s] [7 6] [5 4] [s 2 10

Not Used Channel Not Temp Responseto Data Type
Enable Used Units Open-circuit Format of Input
0 =Disable 0=°C 00=zero 00=EUxX1 0000="Typed
1 =Enable 1=°F 01=FS 01=EUx10 0001=TypeK
10=LS 10=ScaledPID 0010=TypeT
11="Prop Counts 0011=TypeE
0100=TypeR
0101=Type S
(ol o[ o of [1] [ofof [x| [olo] [o]of [ofo]1]
(ol of o[ of [1] [of o] [x| [o]o] [of o [ofo]o
(ol of of of [1] [ofof [x| [oo] [of o] [ofo]o
(o[ o[ o] of [1] [of o] [« [o]o] [o]of [ofo]o
Lof o[ o[ of [1] [of o] [ x| [olo] [ofof [4]4]1]
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0110=TypeB
0111=Type N
1000=0...100 mV
1001=+100
1010=TypeC
1011=TypeD
1111=CJC Temp

Channel 0  (Ambient)
Channel 1 (Bath)

Channel 2  (Steam)
Channel 3  (Chilled H20)

Channel 3  (Cabinet)



Application Programming Examples 75

Program Setup

Follow these steps to set up the program.

1.

Set up two configuration words for each channel in file N10, one
for °C and the other for °F.

Include two configuration words for the CJC temperature in the
cabinet containing the SLC controller.

N10 Channels/Configuration Words

Channel Configuration Word Addresses
°F °C
0 N10:0 N10:4
1 N10:1 N10:5
2 N10:2 N10:6
3 N10:3 N10:7
CJC N10:8 N10:9
2. Write ladder logic to send channel configurations to the module

when the operator changes the °C/°F or the ambient/cabinet
selector switch.

The OSR instruction (one-shot rising) makes these configuration
changes edge-triggered. That means the module is reconfigured
once each time the operator changes a switch position.

. Write ladder logic to monitor the channel 0 status word to

determine whether ambient or cabinet temperature is being
displayed, and energize the appropriate pilot light.

. Write ladder logic to convert thermocouple data words to BCD

and send them to the LED indicator displays.
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Program

The first six rungs change channel configurations based on the
position of the two selector switches.

Rung 2.0

If the degrees selector switch is switched to Fahrenheit, configure all four channels to read in
degrees Fahrenheit. The default for channel 0 is to read the ambient temperature thermocouple.

Degrees Selector

Switch = '
Fahrenheit Configure Channels
H I:2.0 B3 — COP
1 [ |OSR | COPY FILE
0 0 Source #N10:0
Dest #0:1.0
Length 4
Rung 2.1

If the ambient/cabinet selector switch is switched to ambient, and the degrees selector switch is
switched to Fahrenheit, configure channel 0 to read the ambient temperature thermocouple in

degrees Fahrenheit.

Degrees Selector ~ Ambient/Cabinet
Switch = Selector Switch = Confi Ch |
Fahrenheit Ambient onfigure Lhannets
H 1:2.0 1:2.0 B3 — MoV
1 1 1 L | OSR | MOVE
0 1 1 Source N10:0
Dest 0:1.0
Rung 2.2

If the ambient/cabinet selector switch is switched to cabinet, and the degrees selector switch is
switched to Fahrenheit, configure channel 0 to read the CJC sensor in degrees Fahrenheit.

Degrees Selector  Ambient/Cabinet

Switch = Selector Switch = .
Fahrenheit Ambient Configure Channels
H I:2.0 I:2.0 B3 — MoV
1t 1/ |OSR | MOVE
0 1 2 Source N10:8
Dest 0:1.0
Rung 2.3

If the degrees selector switch is switched to Celsius, configure all four channels to read in
degrees Celsius. The default for channel 0 is to read the ambient temperature thermocouple.

Degrees Selector

g\glsﬁ(ijhs_ Configure Channels
H I:2.0 B3 — COP
] / [ }OSR} COPY FILE
0 3 Source #N10:4
Dest #0:1.0
Length 4

Publication 1746-UM614B-EN-P - September 2007



Application Programming Examples 77

Rung 2.4
If the ambient/cabinet selector switch is switched to ambient, and the degrees selector switch
is switched to Celsius, configure channel 0 to read the ambient temperature thermocouple in

degrees Celsius.

Degrees Selector ~ Ambient/Cabinet
Switch = _ Sele_ctor Switch = Configure Channels
Fahrenheit Ambient
H I:2.0 I:2.0 B3 — MoV
1/1 1 [ |OSR| MOVE
0 1 4 Source N10:4
Dest 0:1.0
Rung 2.5

If the ambient/cabinet selector switch is switched to cabinet, and the degrees selector switch
is switched to Celsius, configure channel 0 to read the CJC sensor in degrees Celsius.

Degrees Selector ~ Ambient/Cabinet
Switch = Selector Switch =
Fahrenheit Cabinet Configure Channels
H I:2.0 I:2.0 B3 — Mov
1 1 1/ |OSR | MOVE
0 1 5 Source N10:9
Dest 0:1.0
Rung 2.6
If channel 0 is configured to read the ambient thermocouple, energize the ambient pilot light on
the panel.
Ambient Light
— MEQ 0:7.0
MASKED EQUAL ()
Source I:1.4
0
Mask FEFF
Compare N10:4
Rung 2.7
If channel O is configured to read the CJC sensor, energize the cabinet pilot light on the panel.
Cabinet Light
— MEQ 0:7.0
MASKED EQUAL ()
Source I:1.4
1
Mask FEFF
Compare N10:9
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Rung 2.8

Convert data words to BCD format and send them to the LED indicator displays.

Write Ambient or Cabinet
Temperature to the Display
— TOD
TO BCD
Source I:1.0
Dest 0:3.0
Rung 2.9 Write Bath Temperature
to the Display
— TOD
TO BCD
Source I:1.1
Dest 0:4.0
Rung 2.10
g Write Steam Temperature
to the Display
— TOD
TO BCD
Source I:1.2
Dest 0:5.0
Rung 2.11 . .
g Write Chilled Temperature
to the Display
— TOD
TO BCD
Source I:1.3
Dest 0:6.0
Rung 2.12
| END|
Data Table
address 15 data 0 address 15 data 0
N10:0 0000 1101 0000 0010 N10:5 0000 1100 0000 0000
N10:1 0000 1101 0000 0000 N10:6 0000 1100 0000 0001
N10:2 0000 1101 0000 0001 N10:7 0000 1100 0000 0000
N10:3 0000 1101 0000 0000 N10:8 0000 1101 0000 1111
N10:4 0000 1100 0000 0010 N10:9 0000 1100 0000 1111
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Electrical Specifications

Physical Specifications

Module Specifications

This appendix lists the specifications for the 1746-INT4
Thermocouple/mV Isolated Input Module.

Attribute Value
Backplane current consumption | 110 mA @ 5V dc
85 mA @ 24V dc

Backplane power consumption

0.6 Wmax (0.55 W @5V dc, 2W @ 24V dc

Number of channels

4 (backplane and channel-to-channel isolated)

I/0 chassis location

Any 1/0 module slot except slot 0

A/D conversion method

Sigma-delta modulation

Input filtering

Analog filter with low pass digital filter

Normal mode rejection
(between [+] input and [-] input)

Greater than 50 dB @ 50 Hz
Greater than 60 dB @ 60 Hz

Common mode rejection
(between inputs and chassis
ground)

Greater than 120 dB at 50/60 Hz (with 1 kQimbalance)

Channel bandwidth (-3 dB)

8 Hz

Calibration

Once yearly, if required

Isolation 1000V transient or 150V ac continuous
channel-to-channel or channel-to-backplane
Attribute Value

LED indicators

5, green status indicators, one for each of 4 channels
and one for module status

Module ID code

3515

Recommended cable:
for thermocouple inputs ...
formVinputs ...

Shielded twisted pair thermocouple extension wire
Alpha 5121 or equivalent
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Attribute Value

Max wire size Two 1.6 mm (14 AWG) wires per terminal
Max cable impedance 150 Qmax loop impedance, for < 1LSB error
Terminal strip Removable, catalog number 1746-RT32

(1) Refer to the thermocouple manufacturer for the correct extension wire.

Environmental

Specifications
Attribute Value
Temperature, operating 0...60°C(32...140 °F)
Temperature, storage -40...85°C(-40...185 °F)
Relative humidity 5...95% (without condensation)
Agency certification o CSA certified

(when product is marked) | o (S Class I, Division 2, Groups A, B, C, D certified
Hazardous Locations

o UL listed
o CE marked for all applicable directives

Input Specifications

Attribute Value
Type of input (selectable) | Thermocouple Type C  0...2317°C (32...4201 °F)
Thermocouple Type D 0...2317 °C (32...4201 °F)

Thermocouple Type J  -210...760 °C (-346...1400 °F)
Thermocouple Type K -270...1370°C  (-454...2498 °F)
Thermocouple Type T -270...400 °C (-454...752 °F)

Thermocouple Type E - -270...1000 °C (-454...1832 °F)

Thermocouple Type R 0...1768 °C (32...3214 °F)
Thermocouple Type S 0...1768 °C (32...3214 °F)
Thermocouple Type B 300...1820 °C (572...3308 °F)
Thermocouple Type N 0...1300 °C (32...2372 °F)

1.6 mm (14 AWG)

Millivolt (<50...50 mV dc)
Millivolt (—100...100 mV dc)

Thermocouple linearization | IPTS—68 standard, NBS MN-125, NBS MN-161

Cold junction compensation | Accuracy 1.5 °C (34.7 °F), 0 ... 70 °C (32...158 °F)

Input impedance Greater than 10 MQ
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Attribute

Value

Temperature scale
(selectable)

°Cor°Fand 0.1 °Cor0.1°F

Millivolt scale, dc
(selectable)

0.1 mVor0.01 mV

Open-circuit detection
leakage current

20 nA typical

Open-circuit detection
(selectable)

Upscale, downscale, or zero

Time to detect open-circuit

5's, typical

Input step response

0...99.9% in 600 ms (worst case)

Input resolution

See Input Resolution Graphs on following pages. They show
the smallest measurable value based on combined
hardware and software tolerances.

Display resolution

See Channel Data Word Resolution table on page 51.

Overall module accuracy @
25 °C (77 °F)

See Module Accuracy Table below.

Overall module accuracy
(0...60°C, 32...140 °F)

See Module Accuracy Table below.

Overall module drift

See Module Accuracy Table below.

Module update time

Less than 500 ms

Channel turn-off time

Up to one module update time

Overall Accuracy

We define overall accuracy to include variances in cold-junction
compensation, calibration, non-linearity, and resolution.

Input Type | Max Error (" Max Error (V) Temperature Drift a
@25°C @77°F (0... 60 °C)
J +1.60 °C +2.88 °F +0.042 °C/°C, °F/°F
K +3.80 °C +6.84 °F +0.096 °C/°C, °F/°F
T +2.05°C +3.69 °F +0.025 °C/°C, °F/°F
E +2.40°C +4.32 °F +0.058 °C/°C, °F/°F
S +2.38°C +4.29 °F +0.131 °C/°C, °F/°F
R +2.23°C +4.02 °F +0.130 °C/°C, °F/°F
B +3.83°C +6.90 °F +0.109 °C/°C, °F/°F
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Input Type | Max Error Max Error " Temperature Drift m
@25°C @77°F (0... 60 °C)

N +1.79°C +3.23 °F +0.080 °C/°C, °F/°F

C +2.28°C +4.11 °F +0.270 °C/°C, °F/°F

D +2.52°C +4.54 °F +0.280 °C/°C, °F/°F

+50 mV +50 pV +50 pV +0.5 uV/°C +50 ppm/°C

100 mV 50 pV +50 pV +0.5 pV/°C +50 ppm/°C

(1) Assumes the module terminal block temperature is stable.
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Thermocouple Resolution

Type C Thermocouple
0.4
0.32°C @ 2000 °C
0.3 //
Resolution 3 026°C @0°C /
(C) 020°C @1000°C | =
02 ]
0.1
0
0 250 500 750 1000 1250 1500 1750 2000 2250
Temperature (“C)
Type D Thermocouple
0.4
;\ 034°C@0°C
03 0.27 °C @ 2000 °C
Resolution \ /
() \ 0.20 °C @ 1100°C ]
0.1
0
0 250 500 750 1000 1250 1500 1750 2000 2250

Temperature (°C)
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Type J Thermocouple
25
20
| 1 0.18 °C @-200 °C
15
Resolution
(°C) B
10 \
’ \ 0.06 °C @275°C 0.05 °C @ 750°C
e
05 i —
0 1 I
-300 -150 0 150 300 450 600 750 900
Temperature (°C)
Type K Thermocouple
jL 34°C@-250 °C
3.0
Resolution I
e 207
1.0
0.08 °C @ 550°C 0.10°C @ 1350 °C 1
0 T . ¥ ’ )X’ ’v . )ZF T ! " JF 1

-300  -150 0 150 300 450 600 750 900 1050 1200 1350 1500

Temperature ("C)
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Type E Thermocouple

20
[

ﬂ 1.70 °C @ -250 °C

Resolution
('C)

05

0.04 °C @ 365°C 0.05 °C @ 1000 °C

D TN T S S B

-300 -150 0 150 300 450 600 750 900 1050 1200

Temperature (°C)

Type R Thermocouple

075 T \ \ \
¥ 068°C@0°C

0.60

Resolution
(C)

045 \
\ 0.26 °C @ 885°C

0.30 e — 028 °C @ 1750°C |

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-300  -150 0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800

Temperature (°C)
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Type S Thermocouple
VT b
068°C@0°C
0.60
0.45
Resolution \\
("C)
N— 0.31 °C @ 885°C 0.31°C@1750°C
0.30 = i
0.15
0 L | I | I | I | I | | | I |
-300 -150 0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800
Temperature (°C)
Type T Thermocouple
2.0
—i 1.7°C@-250 °C
15
Resolution
(C) i
1.0
05
L 0.08 °C@65°C 0.05°C @ 400°C
0 1 1 } X I ‘r ! h ‘
-300 -150 0 150 300 450 600

Temperature (°C)
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Type B Thermocouple
1.20 ‘ '
1.13°C @ 300°C
0.90 \
Resolution -
(°C)
0.60
L "bq..q_ 0.38°C @ 1060 °C
Hh._ 0.319C @ 1800°C
0.30 &(v
0 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
-300 -150 0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950
Temperature (°C)
Type N Thermocouple
0.170
0.150
X 0.13°C@0°C
0125 [ \
Resolution \-.._ 0.09 °C @ 500°C 0.09°C@1100°C
(°C) 0.100 e S
0.075
0.050
0.025 |
0 | | 1 1 1 1 1 1 | | |

-300  -150 0 150 300 450 600 750 900 1050 1200 1350 1500

Temperature (°C)
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Appendix B

Channel Configuration Worksheets

Select your bit configurations. Write them down at the bottom of the worksheet. Use one worksheet for
each channel.

Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions

Bitor | Define | To Select Set these bits in the Channel Configuration Word Description
Bits 15..12[11[10(9[8[7[6[5[4[3[2]1]0
0...3 |Input | TCTypeJ 00010 Proiect
Type  [TCTypeK ofolo1
ype
T oo Slot Number
TC Type E 00|11 |Channel Number
TC Type R 0|11(0f|0
TC Type S 01110 |1 | Configure the channel for the
TC Type B 0 |1 11 o | inputtype connected to it. Valid
inputs are thermocouples and analog
TCType N 0T |1 input signals of £50 mV and 100 mV.
+50 mV 11010 |0 | Youcan configure the channel to read
+100 mV 1 1o [o |1 ] the cold-junction (CJC) temperature.
When reading the CJC temperature,
TC Type C RN the channel ignores the physical input
TC Type D 1101111 signal.
Invalid 171110 (0
Invalid 111101
Invalid 17111110
CJC Temp 101111
4,5 Data Engr. Units x1 Select the channel data format
Format from: Engineering units (EU) x1 or

Engr. Units x10

Scaled-for-PID

Counts

el el =1 =]

x10. For EU x1, values are in 0.1
degrees or 0.01 mV. For EU x10,
values are in whole °C or °F or

0.1 mV. Scaled-for-PID (value is
the same for any input type).
Proportional input signal range is
scaled to 0...16,383 counts.
Proportional counts (value is
same for any input type).
Proportional input signal range is
scaled to £32,767 counts. For more
information, refer to page 49.
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Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions (Continued)

Bitor | Define | To Select Set these bits in the Channel Configuration Word Description
Bits 15..12[11[10]9[8[7[6[5[a]3[2]1]0

Select module response to a
detected open-circuit from: Zero

6,7 Open- | Zero 0
1
0 to force the channel data word to
1

0
circuit Upscale 0
1
1

Mode

Downscale zero. Upscale to force the channel

data word to full scale. Downscale
to force channel data word to low
scale. Important: A bit selection or
1 1isinvalid. For an open CJC
thermistor, mV channels are not
affected. Important: The module
requires 500 ms or one module
update to flag the error while it
ramps the channel input.

Invalid

8 Units Degrees C 0 Select °C/°F for thermal inputs.
°F, °C Degrees F 1 Ignored for mV inputs. Impertant: For
EU x1 and °F (0.1 °F), an over-range
error will occur above 3276.7 °F
(cannot exceed 32,767 counts).

9,10 Unused | Unused 0 |0 These bits must be zero for a
valid configuration.

1 Chnl Channel Off 0 Disable unused channels for
Enable [CrannelOn 1 faster response. When set, the
module configures the channel and
reads the channel input before
setting bit 11 in the status word. If
you change the configuration word,
the status word must reflect the
change before new data is valid. If
you clear the configuration word, the
module clears channel and status
words. For a new configuration word,
channel data and status words
remain cleared until the module sets
this bit (11) in the status word.

12...15 | Unused | Unused 0000 These bits must be zero for a
valid configuration.

Enter Your Bit Selections >> 0000 For the Channel Configuration
Word
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Select your bit configurations. Write them down at the bottom of the worksheet. Use one worksheet for
each channel.

Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions

Bitor | Define | To Select Set these bits in the Channel Configuration Word Description
Bits 15...112|11 |10 |9 (8 |7 |6 |5 |4 (3 |2 |10
0...3 |Input | TCTypeJ 00010 Proiect
Type  [TCTypeK 0fofo]1
et ALIERE Slot Number
TC Type E 001 [1|Channel Number
TC Type R 0|11(0f|0
TC Type S 011101 | Configure the channel for the
TC Type B 0 |1 11 o | inputtype connected to it. Valid
inputs are thermocouples and analog
TCType N 0T T input signals of £50 mV and 100 mV.
50 mV 110 10 |0 | Youcan configure the channel to read
+100 mV 1 1o 1o 1] the cold-junction (CJC) temperature.
When reading the CJC temperature,
TC Type C NN the channel ignores the physical input
TC Type D 1101111 signal.
Invalid 17111010
Invalid 111101
Invalid 111110
CJC Temp 1111111
4,5 Data Engr. Units x1 010 Select the channel data format
Format Engr. Units x10 01 from: Engineering units (EU) x1 or
x10. For EU x1, values are in 0.1
Scaled-for-PID 110 degrees or 0.01 mV. For EU x10,
Counts 111 values are in whole °C or °F or
0.1 mV. Scaled-for-PID (value is
the same for any input type).
Proportional input signal range is
scaled to 0...16,383 counts.
Proportional counts (value is
same for any input type).
Proportional input signal range is
scaled to +32,767 counts. For more
information, refer to page 49.
6,7 Open- | Zero 010 Select module response to a
circuit Upscale 01 detected open-circuit from: Zero
Mode to force the channel data word to
Downscale 110 zero. Upscale to force the channel
Invalid 111 data word to full scale. Downscale

to force channel data word to low
scale. Important: A bit selection or
1 1is invalid. For an open CJC
thermistor, mV channels are not
affected. Important: The module
requires 500 ms or one module
update to flag the error while it
ramps the channel input.
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Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions (Continued)

Bit or
Bits

Define

To Select

Set these bits in the Channel Configuration Word

15...12

1"

10

9

7

6

5

4

3

2

1

Description

Units
OF' oc

Degrees C

0

Degrees F

1

Select °C/°F for thermal inputs.
Ignored for mV inputs. Impertant: For
EU x1 and °F (0.1 °F), an over-range
error will occur above 3276.7 °F
(cannot exceed 32,767 counts).

9,10

Unused

Unused

These bits must be zero for a
valid configuration.

1"

Chnl
Enable

Channel Off

Channel On

Disable unused channels for
faster response. \When set, the
module configures the channel and
reads the channel input before
setting bit 11 in the status word. If
you change the configuration word,
the status word must reflect the
change before new data is valid. If
you clear the configuration word, the
module clears channel and status
words. For a new configuration word,
channel data and status words
remain cleared until the module sets
this bit (11) in the status word.

12...15

Unused

Unused

0000

These bits must be zero for a
valid configuration.

Enter Your Bit Selections >>

0000

For the Channel Configuration
Word
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Select your bit configurations. Write them down at the bottom of the worksheet. Use one worksheet for
each channel.

Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions

Bitor | Define | To Select Set these bits in the Channel Configuration Word Description
Bits 15...112|11 |10 |9 (8 |7 |6 |5 |4 (3 |2 |10
0...3 |Input | TCTypeJ 00010 Proiect
Type  [TCTypeK 0fofo]1
et ALIERE Slot Number
TC Type E 001 [1|Channel Number
TC Type R 0|11(0f|0
TC Type S 011101 | Configure the channel for the
TC Type B 0 |1 11 o | inputtype connected to it. Valid
inputs are thermocouples and analog
TCType N 0T T input signals of £50 mV and 100 mV.
50 mV 110 10 |0 | Youcan configure the channel to read
+100 mV 1 1o 1o 1] the cold-junction (CJC) temperature.
When reading the CJC temperature,
TC Type C NN the channel ignores the physical input
TC Type D 1101111 signal.
Invalid 17111010
Invalid 111101
Invalid 111110
CJC Temp 1111111
4,5 Data Engr. Units x1 010 Select the channel data format
Format Engr. Units x10 01 from: Engineering units (EU) x1 or
x10. For EU x1, values are in 0.1
Scaled-for-PID 110 degrees or 0.01 mV. For EU x10,
Counts 111 values are in whole °C or °F or
0.1 mV. Scaled-for-PID (value is
the same for any input type).
Proportional input signal range is
scaled to 0...16,383 counts.
Proportional counts (value is
same for any input type).
Proportional input signal range is
scaled to +32,767 counts. For more
information, refer to page 49.
6,7 Open- | Zero 010 Select module response to a
circuit Upscale 01 detected open-circuit from: Zero
Mode to force the channel data word to
Downscale 110 zero. Upscale to force the channel
Invalid 111 data word to full scale. Downscale

to force channel data word to low
scale. Important: A bit selection or
1 1is invalid. For an open CJC
thermistor, mV channels are not
affected. Important: The module
requires 500 ms or one module
update to flag the error while it
ramps the channel input.
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Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions (Continued)

Bit or
Bits

Define

To Select

Set these bits in the Channel Configuration Word

15...12

1"

10

9

7

6

5

4

3

2

1

Description

Units
OF' oc

Degrees C

0

Degrees F

1

Select °C/°F for thermal inputs.
Ignored for mV inputs. Impertant: For
EU x1 and °F (0.1 °F), an over-range
error will occur above 3276.7 °F
(cannot exceed 32,767 counts).

9,10

Unused

Unused

These bits must be zero for a
valid configuration.

1"

Chnl
Enable

Channel Off

Channel On

Disable unused channels for
faster response. \When set, the
module configures the channel and
reads the channel input before
setting bit 11 in the status word. If
you change the configuration word,
the status word must reflect the
change before new data is valid. If
you clear the configuration word, the
module clears channel and status
words. For a new configuration word,
channel data and status words
remain cleared until the module sets
this bit (11) in the status word.

12...15

Unused

Unused

0000

These bits must be zero for a
valid configuration.

Enter Your Bit Selections >>

0000

For the Channel Configuration
Word
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Select your bit configurations. Write them down at the bottom of the worksheet. Use one worksheet for
each channel.

Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions

Bitor | Define | To Select Set these bits in the Channel Configuration Word Description
Bits 15...112|11 |10 |9 (8 |7 |6 |5 |4 (3 |2 |10
0...3 |Input | TCTypeJ 00010 Proiect
Type  [TCTypeK 0fofo]1
et ALIERE Slot Number
TC Type E 001 [1|Channel Number
TC Type R 0|11(0f|0
TC Type S 011101 | Configure the channel for the
TC Type B 0 |1 11 o | inputtype connected to it. Valid
inputs are thermocouples and analog
TCType N 0T T input signals of £50 mV and 100 mV.
50 mV 110 10 |0 | Youcan configure the channel to read
+100 mV 1 1o 1o 1] the cold-junction (CJC) temperature.
When reading the CJC temperature,
TC Type C NN the channel ignores the physical input
TC Type D 1101111 signal.
Invalid 17111010
Invalid 111101
Invalid 111110
CJC Temp 1111111
4,5 Data Engr. Units x1 010 Select the channel data format
Format Engr. Units x10 01 from: Engineering units (EU) x1 or
x10. For EU x1, values are in 0.1
Scaled-for-PID 110 degrees or 0.01 mV. For EU x10,
Counts 111 values are in whole °C or °F or
0.1 mV. Scaled-for-PID (value is
the same for any input type).
Proportional input signal range is
scaled to 0...16,383 counts.
Proportional counts (value is
same for any input type).
Proportional input signal range is
scaled to +32,767 counts. For more
information, refer to page 49.
6,7 Open- | Zero 010 Select module response to a
circuit Upscale 01 detected open-circuit from: Zero
Mode to force the channel data word to
Downscale 110 zero. Upscale to force the channel
Invalid 111 data word to full scale. Downscale

to force channel data word to low
scale. Important: A bit selection or
1 1is invalid. For an open CJC
thermistor, mV channels are not
affected. Important: The module
requires 500 ms or one module
update to flag the error while it
ramps the channel input.
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Channel Configuration Word (0:e.0 through 0:e.3) — Bit Descriptions (Continued)

Bit or
Bits

Define

To Select

Set these bits in the Channel Configuration Word

15...12

1"

10

9

7

6

5

4

3

2

1

Description

Units
OF' oc

Degrees C

0

Degrees F

1

Select °C/°F for thermal inputs.
Ignored for mV inputs. Impertant: For
EU x1 and °F (0.1 °F), an over-range
error will occur above 3276.7 °F
(cannot exceed 32,767 counts).

9,10

Unused

Unused

These bits must be zero for a
valid configuration.

1"

Chnl
Enable

Channel Off

Channel On

Disable unused channels for
faster response. \When set, the
module configures the channel and
reads the channel input before
setting bit 11 in the status word. If
you change the configuration word,
the status word must reflect the
change before new data is valid. If
you clear the configuration word, the
module clears channel and status
words. For a new configuration word,
channel data and status words
remain cleared until the module sets
this bit (11) in the status word.

12...15

Unused

Unused

0000

These bits must be zero for a
valid configuration.

Enter Your Bit Selections >>

0000

For the Channel Configuration
Word
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J Type Thermocouple

(iron versus copper-nickel

<Constantan

(1)

>)

Thermocouple Descriptions

The descriptions of thermocouples J, K, T, E, R, and S were extracted
from NBS Monograph 125 (IPTS-68) issued March 1974. We also
describe types C and D.

The J thermocouple is the least suitable for accurate thermometry
because there are significant nonlinear deviations in the
thermoelectric output from different manufacturers. The total and
specific types of impurities that occur in commercial iron change with
time, location of primary ores, and methods of smelting.

Type J thermocouples are recommended by the ASTM [1970] for use
in the temperature range from 0...760 °C (32...1400 °F) in vacuum,
oxidizing, reducing or inert atmospheres. If used for extended times
above 500 °C (932 °F), heavy gauge wires are recommended because
the oxidation rate is rapid at elevated temperatures.

They should not be used in sulfurous atmospheres above 500 °C
(932 °F). Because of potential rusting and embrittlement, they are not
recommended for subzero temperatures. They should not be cycled
above 760 °C (1400 °F) even for a short time if accurate readings
below 760 °C (1400 °F) are desired at a later time.

The negative thermoelement, a copper-nickel alloy, is subject to
substantial composition changes under thermal neutron irradiation,
since copper is converted to nickel and zinc.

Commercial iron undergoes a magnetic transformation near 769 °C
(1416 °F) and <an alpha — gamma> crystal transformation near 910 °C
(1670 °F). Both of these transformations, especially the latter, seriously
affect the thermoelectric properties of iron, and therefore, the Type ]
thermocouples. If Type J thermocouples are taken to high
temperatures, especially above 900 °C (1652 °F), they will lose
accuracy of their calibration when they are recycled to lower
temperatures.

M 1t should be noted that the Constantan element of Type J thermoelements is not interchangeable with the Constantan element of Types T or N due to the different ration of

copper and nickel in each.
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K Type Thermocouple
(nickel-chromium versus
nickel-aluminum)

Publication 1746-UM614B-EN-P - September 2007

ASTM Standard E230-72 in the Annual Book of ASTM Standards [1972]
specifies that the standard limits of error for Type J commercial
thermocouples be +2.2 °C (£35.9 °F) between 0...277 °C (32...531 °F)
and +3/4% between 277...760 °C (531...1400 °F). Limits of error are
not specified for Type J thermocouples below 0 °C (32 °F) or above
760 °C (1400 °F). Type J thermocouples can also be supplied to meet
special limits of error, which are equal to one half the limits given
above.

The recommended upper temperature limit for protected
thermocouples, 760 °C (1400 °F), applies to 3.3mm (8 AWG) wire. For
smaller wires, the recommended upper temperature decreases to

593 °C (1099 °F) for 1.6mm (14 AWG), and 371 °C (700 °F) for 0.5 or
0.3mm (24 or 28 AWG).”

This type is more resistant to oxidation at elevated temperatures than
the Types E, J, or T thermocouples and consequently it finds wide
application at temperatures above 500 °C (932 °F).

Type K thermocouples may be used at liquid hydrogen temperatures.
However, their Seebeck coefficient (about 4 uV/K at 20 k) is only
about one-half of that of E thermocouples. Furthermore, the
thermoelectric homogeneity of KN thermoelements is generally not
quite as good as that of EN thermoelements. Both the KP and the KN
thermoelements do have a relatively low thermal conductivity and
good resistance to corrosion in moist atmospheres at low
temperatures.

Type K thermocouples are recommended by the ASTM [1970] for
continuous use at temperatures within the range -250...1260 °C
(-418...2300 °F) in oxidizing or inert atmospheres. Both the KP and
the KN thermoelements are subject to oxidation when used in air
above about 850 °C (1562 °F), but even so, Type K thermocouples
may be used at temperatures up to about 1350 °C (2462 °F) for short
periods with only small changes in calibration.

They should not be used in sulfurous, reducing, or alternately
reducing and oxidizing atmospheres unless suitably protected with
protecting tubes. They should not be used in vacuum (at high
temperatures) for extended times because the chromium in the
positive thermoelement vaporizes out of solution and alters the
calibration. They should also not be used in atmospheres that
promote green-rot corrosion (those with low, but not negligible,
oxygen content).
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T Type Thermocouple

(copper versus
copper-nickel

<Constantanm>)

(1

ASTM Standard E230-72 in the Annual Book of ASTM Standards [1972]
specifies that the standard limits of error for Type K commercial
thermocouples be +2.2 °C (+£35.9 °F) between 0...277 °C

(32...530.6 °F) and +3/4% between 277...1260 °C (530.6...2300 °F)/
Limits of error are not specified for the Type K thermocouples below
0 °C (32 °F). Type K thermocouples can also be supplied to meet
special limits of error, which are equal to one half the standard limits
of error given above. The recommended upper temperature limit for
protected Type K thermocouples, 1260 °C (2300 °F), applies for

3.3 mm (8 AWG) wire. For smaller wires, it decreases to 1093 °C
(2000 °F) for 1.6 mm (14 AWG), 982 °C (1800 °F) for 0.8 mm

(20 AWG), and 871 °C (1600 °F) for 0.5 or 0.3 mm (24 or 28 AWG).

The homogeneity of most Type TP and TN (or EN) thermoelements is
reasonably good. However, the Seebeck coefficient of Type T
thermocouples is moderately small at subzero temperatures (about
5.6 uV/K at 20 k), being roughly two-thirds that of Type E
thermocouples. This, together with the high thermal conductivity of
Type TP thermoelements, is the major reason why Type T
thermocouples are less suitable for use in the subzero range than
Type E thermocouples.

Type T thermocouples are recommended by the ASTM [1970] for use
in the temperature range -184...371 °C (-300...700 °F) in vacuum or in
oxidizing, reducing or inert atmospheres. The recommended upper
temperature limit for continuous service of protected Type T
thermocouples is set at 371 °C (700 °F) for 1.6mm (14 AWG)
thermoelements, since Type TP thermoelements oxidize rapidly above
this temperature. However, the thermoelectric properties of Type TP
thermoelements are apparently not grossly affected by oxidation since
Roeser and Dahl [1938] observed negligible changes in the
thermoelectric voltage of Nos. 12, 18, and 22 AWG Type TP
thermoelements after heating for 30 hours in air at 500 °C (932 °F). At
this temperature, the Type TN thermoelements have good resistance
to oxidation and exhibit only small changes in thermal emf with long
exposure in air, as shown by the studies of Dahl [1941]. Operation of
Type T thermocouples in hydrogen atmospheres at temperatures
above about 370 °C (698 °F) is not recommended since severe
embrittlement of the Type TP thermoelements may occur.

It should be noted that the Constantan element of Type J thermoelements is not interchangeable with the Constantan element of Types T or N due to the different ration of

copper and nickel in each.
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Type T thermoelements are not well suited for use in nuclear
environments, since both thermoelements are subject to significant
changes in composition under thermal neutron irradiation. The
copper in the thermoelement is converted to nickel and zinc.

Because of the high thermal conductivity of Type TP thermoelements,
special care should be exercised in the use of the thermocouples to
insure that both the measuring and reference junctions assume the
desired temperatures.

ASTM Standard E230-72 in the Annual Book of ASTM Standards [1972]
specifies that the standard limits of error for Type T commercial
thermocouples be +2% between -101...-59 °C (-149.8...-74.2 °F),
+0.8 °C (£33.4 °F) between -59...93 °C (-74...200 °F), and +3/4%
between 93...371 °C (200...700 °F). Type T thermocouples can also
be supplied to meet special limits of error, which are equal to one half
the standard limits of error given above (plus a limit of error of £1% is
specified between -184...-59 °C (-300...-74 °F). The recommended
upper temperature limit for protected Type T thermocouples, 371 °C
(700 °F), applies to 1.6mm (14 AWG) wire. For smaller wires, it
decreases to 260 °C (500 °F) for 0.8mm (20 AWG) and 240 °C (464 °F)
for 0.5 or 0.3mm (24 or 28 AWG).”

E Type Thermocoup|e Type E thermocouples are recommended by the ASTM Manual [1970]
. . for use in the temperature range from -250...871 °C (-418...1600 °F) in
(nlckel-c_hromlum Versus oxidizing or inert atmospheres. The negative thermoelement is subject
copper-nlckel to deterioration above about 871 °C (1600 °F), but the thermocouple
may be used up to 1000 °C (1832 °F) for short periods.
<Constantan'')s) ' P P

The ASTM Manual [1970] indicates the following restrictions at high
temperatures. They should not be used in sulfurous, reducing or
alternately reducing and oxidizing atmospheres unless suitably
protected with protecting tubes. They should not be used in vacuum
(at high temperatures) for extended times, because the chromium in
the positive thermoelement vaporizes out of solution and alters the
calibration. They should also not be used in atmospheres that
promote green-rot corrosion (those with low, but not negligible,
oxygen content).

The negative thermoelement, a copper-nickel alloy, is subject to

composition changes under thermal neutron irradiation since the
copper is converted to nickel and zinc.

)" 1t should be noted that the Constantan element of Type J thermoelements is not interchangeable with the Constantan element of Types T or N due to the different ration of
copper and nickel in each.
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S and R Type Thermocouple
S (platinum-10% rhodium
versus platinum)

R (platinum-13% rhodium
versus platinum)

ASTM Standard E230-72 in the Annual Book of ASTM Standards [1972]
specifies that the standard limits of error for the Type E commercial
thermocouples be +1.7 °C (£35 °F) between 0...316 °C (32...600 °F)
and +1/2% between 316...871 °C (600...1600 °F). Limits of error are
not specified for Type E thermocouples below 0 °C (32 °F). Type E
thermocouples can also be supplied to meet special limits of error,
which are less than the standard limits of error given above +1.25 °C
(+£34.3 °F) between 0...316 °C (32...600 °F) and +3/8% between
316...871 °C (600...1600 °F), applies to 3.3mm (8 AWG) wire. For
smaller wires, the recommended upper temperature decreases to
649 °C (1200 °F) for 1.6mm (14 AWG), 538 °C (1000 °F) for 0.8mm
(20 AWG) and 427 °C (800 °F) for 0.5 or 0.3mm (24 or AWG).

The ASTM manual STP 470 [1970] indicates the following restrictions
on the use of S and R type thermocouples at high temperatures. They
should not be used in reducing atmospheres, nor in those containing
metallic vapor (such as lead or zinc), nonmetallic vapors (such as
arsenic, phosphorous, or sulfur) or easily reduced oxides, unless
suitably protected with nonmetallic protecting tubes. They should
never be inserted directly into a metallic primary tube.

The positive thermoelement, platinum-10% rhodium (13% rhodium for
R), is unstable in a thermal neutron flux because the rhodium converts
to palladium. The negative thermoelement, pure platinum, is relatively
stable to neutron transmutation. However, fast neutron bombardment
will cause physical damage, which changes the thermoelectric voltage
unless it is annealed out.

The thermoelectric voltages of platinum based thermocouples are
sensitive to their heat treatments. In particular, quenching from high
temperatures should be avoided.

ASTM Standard E230-72 in the Annual Book of ASTM Standards [1972]
specifies that the standard limits of error for Type S and R commercial
thermocouples be +1.4 °C (£34.5 °F) between 0...538 °C

(32...1000 °F) and +1/4% between 538...1482 °C (1000...2700 °F).
Limits of error are not specified for Type S (or R) thermocouples
below 0 °C (32 °F). The recommended upper temperature limit for
continuous use of protected thermocouples, 1482 °C (2700 °F),
applies to 0.5mm (24 AWG) wire.
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C and D Type

Thermocouples
C (tungsten-5% rhenium versus

tungsten-26% rhenium)

D (tungsten-3% rhenium versus

tungsten-25% rhenium)
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Types C and D thermocouples are recommended for use in the
temperature range from 0...2320 °C (32...4208 °F) in non-oxidizing
inert atmospheres. They are not practical for use below 399 °C
(750 °F). Beware of embrittlement.

C and D Thermocouple Recommended Use

Code Color Code Max Useful Temp. EMF Over Std. Limits
Range Useful Range | of Error

C Jacket: TC grade: 0...37.066 mV |45...450°C
wht-red trace 0...2320°C (40.1...842 °F)
+=wht, -=red |(32...4208 °F) 1.0% to

Ext grade: 2320 °C
0...870 °C) (4208 °F)
(32...1600 °F)

D Jacket: TC grade: 0...39.506 mV |45...450°C
wht-yel trace 0...2320°C (40.1...842 °F)
+=wht, -=red |(32...4208 °F) 1.0% to

Ext grade: 2320 °C
0...260 °C(32...500 °F) (4208 °F)




Appendix D

About the Procedure

Channel Calibration

This appendix shows you how to calibrate the module’s input
channels.

The purpose of the procedure is to store a pair of calibration values in
EEPROM for each channel to set channel accuracy at 0.05% of full
range regardless of channel circuit tolerances. The module is designed
so you can calibrate its input channels individually or in groups. The
thermocouple/mV operation of all channels is suspended during
calibration.

With your programming terminal, you enter calibration codes in word
5 of the configuration file and read status in words 4 and 5 of the
status file. A rung of ladder logic copies calibration codes into the
output image table for transfer to the module, and another rung
copies calibration status from the module (input image table) into the
data table. You perform calibration with the SLC processor in Run
mode.

For more information on addressing calibration words, refer to
Chapter 4.

Calibration Logic

Before starting the procedure, enter the following calibration rungs
into processor memory.

Copy Calibration Codes to the Module. r COP
COPY FILE
Source #N7:10
Dest #0:6.0
Length 8
I . — COP
Copy Calibration Status into the Data Table COPY FILE
Source #I:6.0
Dest #N7:0
Length 8
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Use Word 5 (Output Image — Configuration Word) for Entering Calibration Codes

Calibration Codes and Status

Use the following format for entering calibration code words and
reading calibration status bits. You enter calibration values in Hex.
You can read channel status OK bits at different steps in the
calibration procedure, one bit for each channel you are calibrating.

15 12 1 08 07 04 03 00
Code
Word 5
1 0 0
Use Words 4 and 5 (Input Image — Status Words) for Reading Calibration Status
15 12 1 08 07 04 03 00
Status

Word4 | 0| O[O

0 0)o0Lo0foO

/

|

I

0K status bits (1 = OK) for channels 3, 2, 1, 0

(high-end calibration)") o tatys bits (1= 0K) for channels 3,

| [/

Status
Word5 [ 0| 0| 0

2, 1,0
(low-end calibration) (!
15 12 n 08 07 04 03 00
0 0 0 0 0 0 0 0 0
\ [1/
N
OK status bits (1 = OK) for channels 3, 2, 0

(at completion of calibration) ("

Channel status words 6 and 7 display CAL4 during calibration.
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(1) Reads F Hex if all four channels are OK.

Calibration
Codes in Hex

Channel Status
During Calibration

Channel Status
at Completion of
Calibration
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Calibration Procedure

To perform this calibration procedure, you need a precision dc
voltmeter and precision power supply that displays and maintains a
calibration voltage to 1/1000 of a millivolt: at 0.000 mV and

90.000 mV.

Prepare for calibration by removing the thermocouple leads from the
input terminals of the channels that you want to calibrate. Switch the
SLC processor to Run mode so it can execute the calibration ladder
logic. For convenience, we suggest that you calibrate all four channels
at the same time.

1.

With your programming terminal, enter calibration code 1001
Hex into the data table address for configuration word 5.

Observe status words 0...3, 6 and 7.

The module returns the code CAL4 Hex in status words 6 and 7.
It also clears channel data words 0...3.

Short circuit the pairs of input terminals for the channels you
want to calibrate.

Make the jumper as short as possible.

. With your programming terminal, enter calibration code 1002

Hex into the data table address for configuration word 5.
Observe bits 0...3 in status word 4.

If all the channels you are calibrating see zero voltage, the
module returns status-OK bits set, one bit for each channel (F
Hex for all four channels). Otherwise, the module returns
channel status bits set to zero.

. Apply 90.000 mV to the pairs of input terminals, all in parallel,

for the channels you are calibrating.

Make your leads as short as possible.

. With your programming terminal, enter calibration code 1004

Hex into the data table address for configuration word 5.
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10.

11.

12.

Observe bits 4...7 in status word 4.

If all the channels you are calibrating see 90.000 mV, the module
returns status-OK bits set, one bit for each channel (F Hex for all
four channels). Otherwise, the module returns channel status
bits set to zero.

Remove the 90.000 mV calibration voltage.

With your programming terminal, enter calibration code 1008
Hex into the data table address for configuration word 5.

Observe bits 0...3 in status word 5.

After the module burns the calibration values into its EEPROM, it
returns status-OK bits set, one bit for each channel (F Hex for all
four channels). If the module could not complete the calibration
of one or more channels, it returns a zeroed status bit for that
channel (non-F Hex returned).

To end the calibration procedure, enter calibration code 0000
Hex into the data table address for configuration word 5 with
your programming terminal.

During thermocouple/mV module operation, word 5 must be
Zero.
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CSA Hazardous Location Approval

CSA Hazardous Location Approval

Approbation d'utilisation dans des emplacements
dangereux par la CSA

CSA certifies products for general use as well as for use in
hazardous locations. Actual CSA certification is indicated by
the product label as shown below, and not by statements in any
user documentation.

La CSA certifie les produits d'utilisation générale aussi bien que
ceux qui s'utilisent dans des emplacements dangereux. La
certification CSA en vigueur est indiquée par I'étiquette du
produit et non par des affirmations dans la documentation a
I'usage des utilisateurs.

Example of the CSA certification product label

Exemple d'étiquette de certification d'un produit par la CSA

To comply with CSA certification for use in hazardous locations, the
following information becomes a part of the product literature for
CSA-certified Allen-Bradley industrial control products.

e This equipment is suitable for use in Class I, Division 2, Groups
A, B, C, D, or nonhazardous locations only.

e The products having the appropriate CSA markings (that is,
Class I, Division 2, Groups A, B, C, D), are certified for use in
other equipment where the suitability of combination (that is,
application or use) is determined by the CSA or the local
inspection office having jurisdiction.

Pour satisfaire a la certification de la CSA dans des endroits
dangereux, les informations suivantes font partie intégrante de la
documentation des produits industriels de contrdle Allen-Bradley
certifiés par la CSA.

e Cet équipement convient a I'utilisation dans des emplacements
de Classe I, Division 2, Groupes A, B, C, D, ou ne convient qu'a
I'utilisation dans des endroits non dangereux.

e Les produits portant le marquage approprié de la CSA (c’est a
dire, Classe I, Division 2, Groupes A, B, C, D) sont certifiés a
I'utilisation pour d'autres équipements ol la convenance de
combinaison (application ou utilisation) est déterminée par la
CSA ou le bureau local d'inspection qualifié.

Important: Due to the modular nature of a PLC control system, the
product with the highest temperature rating determines the overall
temperature code rating of a PLC control system in a Class |,
Division 2 location. The temperature code rating is marked on the
product label as shown.

Important: Par suite de la nature modulaire du systeme de controle
PLC, le produit ayant le taux le plus élevé de température détermine
le taux d’ensemble du code de température du systéme de contréle
d'un PLC dans un emplacement de Classe I, Division 2. Le taux du
code de température est indiqué sur I'étiquette du produit.

Temperature code rating

CL | DIV2
GP AB,C.D
‘sp ® g TEMP Loak for temperature
/ .
- code rating here

Taux du code de température

CL | DIV2
GP AB,C,D
<sp ® _ TEMP Le taux du code de
— , .. P
- température est indiqué ici
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CSA Hazardous Location Approval

Approbation d'utilisation dans des emplacements
dangereux par la CSA

The following warnings apply to products having CSA certification
for use in hazardous locations.

Les avertissements suivants s'appliquent aux produits ayant la
certification CSA pour leur utilisation dans des emplacements
dangereux.

ATTENTION Explosion hazard —

c o Substitution of components may impair

suitability for Class I, Division 2.
¢ Do not disconnect equipment unless power has been switched
off or the area is known to be nonhazardous.

¢ Do not replace components unless power has
been switched off or the area is known to be
nonhazardous.

¢ Do not disconnect connectors unless power has been switched
off or the area is known to be nonhazardous. Secure any
user-supplied connectors that mate to external circuits on an
Allen-Bradley product using screws, sliding latches, threaded
connectors, or other means such that any connection can
withstand a 15 Nm (3.4 |b-in) separating force applied for a
minimum of one minute.

AVERTISSEMENT Risque d’explosion —

c | a substitution de composants peut rendre ce

matériel inacceptable pour
lesemplacements de Classe |, Division 2.

o Couper le courant ou s'assurer
quel’emplacement est désigné non
dangereux avant de remplacer
lescomposants.

o Avant de débrancher I'équipement, couper le courant ou
s'assurer que I'emplacement est désigné non dangereux.

o Avant de débrancher les connecteurs, couper le courant ou
s'assurer que |'emplacement est reconnu non dangereux.
Attacher tous connecteurs fournis par |'utilisateur et reliés aux
circuits externes d’'un appareil Allen-Bradley a | “aide de vis,
loguets coulissants, connecteurs filetés ou autres moyens
permettant aux connexions de résister a une force de séparation
de 15 Nm (3,4 Ib-in — 1,5 kg) appliquée pendant au moins une
minute.
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Terms and Abbreviations

The following terms and abbreviations are used throughout this
manual. For definitions of terms not listed here refer to the Industrial
Automation Glossary, Allen-Bradley publication AG-7.1.

A/D

Refers to the analog-to-digital converter within the module. The
converter produces a digital value whose magnitude is proportional to
the instantaneous magnitude of an analog input signal.

attenuation

The reduction in the magnitude of a signal as it passes through a
system. The opposite of gain.

channel

Refers to one of four, small-signal analog input interfaces to the
module’s terminal block. Each channel is configured for connection to
a thermocouple or dc millivolt (mV) input device, and has its own
configuration and status words.

chassis

A hardware assembly that houses devices such as I/O modules,
adapter modules, processor modules, and power supplies.

CJC (Cold Junction Compensation)

The means by which the module compensates for the offset voltage
error introduced by the temperature at the junction between the
thermocouple lead wire and the input terminal block (the cold
junction).

common mode rejection ratio

The ratio of a device’s differential voltage gain to common mode
voltage gain. Expressed in dB, CMRR is a comparative measure of a

device’s ability to reject interference caused by a voltage common to
its input terminals relative to ground. CMRR=20 Log;, (V1/V2)

common mode voltage

A voltage signal induced in conductors with respect to ground (0
potential).
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configuration word

Contains the channel configuration information needed by the module
to configure and operate each channel. The module is designed for
software rather than hardware configuration.

cut-off frequency

The frequency at which the input signal is attenuated 3 dB by the
digital input filter. Frequency components of the input signal below
the cut-off frequency are passed with under 3 dB of attenuation.

dB (decibel)

A logarithmic measure of the ratio of two signal levels.

data word

A 16-bit integer that represents the value of the analog input channel.
The channel data word is valid only when the channel is enabled and
there are no channel errors. When the channel is disabled, the
channel data word is cleared (0).

digital filter

A low-pass filter of the A/D converter. The digital filter provides
high-frequency noise rejection.

effective resolution

The number of bits in the channel data word used to represent useful
information.

full scale error (gain error)

The difference in slope between the actual and ideal
analog/thermocouple transfer functions.

full scale range (FSR)

The difference between the maximum and minimum specified
analog/thermocouple input values.

gain drift

The change in full scale transition voltage measured over the
operating temperature range of the module.
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input data scaling

Depends on the data format that you select for the channel data word.
You can select from scaled-for-PID or Engineering Units for millivolt,
thermocouple, or CJC inputs, which are automatically scaled. You may
also select proportional counts, which you must compute to fit your
application’s temperature or voltage resolution.

local system

A control system with I/O chassis within several feet of the processor,
and using 1746-C7 or 1746-C9 ribbon cable for communication.

LSB (least significant bit)

The bit that represents the smallest value within a string of bits. Refers
to a data increment defined as the full scale range divided by the
resolution.

multiplexer

A switching system that allows several input signals to share a
common A/D converter.

normal mode rejection (differential mode rejection)

A logarithmic measure, in dB, of a device’s ability to reject electrical
noise between differential inputs, but not between an input and
ground or ground reference.

remote system

A control system where the chassis can be located several thousand
feet from the processor chassis. Chassis communication is via the
1747-SN Scanner and 1747-ASB Remote 1I/O Adapter.

resolution

The smallest detectable change in a measurement, typically expressed
in engineering units (for example 0.15 °C) or as a number of bits. For
example, a 12-bit value has 4,096 possible counts. It can therefore be
used to measure 1 part in 4090.

sampling time

The time for an A/D converter to sample an input channel.
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status word

Contains status information about the channel’s current configuration
and operational state. You can use this information in your ladder
program to determine whether the channel data word is valid.

step response time

This is the time required for the module to process an input signal to
reach 99.9% of its expected final value, given a large step change in
the input signal.

update time

The time for the module to sample and convert a channel input signal
and make the resulting value available to the SLC processor.
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Rockwell Automation Rockwell Automation provides technical information on the Web to assist
you in using its products. At http://support.rockwellautomation.com, you can

support find technical manuals, a knowledge base of FAQs, technical and application
notes, sample code and links to software service packs, and a MySupport
feature that you can customize to make the best use of these tools.

For an additional level of technical phone support for installation,
configuration, and troubleshooting, we offer TechConnect Support programs.
For more information, contact your local distributor or Rockwell Automation

representative, or visit http://support.rockwellautomation.com.

Installation Assistance

If you experience a problem with a hardware module within the first 24
hours of installation, please review the information that's contained in this
manual. You can also contact a special Customer Support number for initial
help in getting your module up and running.

United States 1.440.646.3434
Monday — Friday, 8am — 5pm EST

Outside United Please contact your local Rockwell Automation representative for any
States technical support issues.

New Product Satisfaction Return

Rockwell tests all of its products to ensure that they are fully operational
when shipped from the manufacturing facility. However, if your product is
not functioning, it may need to be returned.

United States Contact your distributor. You must provide a Customer Support case
number (see phone number above to obtain one) to your distributor in
order to complete the return process.

Outside United Please contact your local Rockwell Automation representative for
States return procedure.
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