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Installation Instructions

Input Module Catalog Numbers:
1746-1A4, -1A8, -1A16, -IB8, -IB16, -IC16, -IG16, -IH16, -IM4,

-IM8, -IM16, -IN16, -ITB16, -ITV 16, -IV8, -IV16

Output Module Catalog Numbers:

1746-OA8, -OA16, -OAP12, -OBS, -OB16, -OB16E, -OBPS,
-OBP16, -OG16, -OVS, -0V 16, -OVP16, -OW4, -OWS, -OW16,
-OX8

Combination Input/Output Module Catalog Numbers:
1746-104 -108, -I012



2 Discrete I/0 Modules

Important User Information

Because of the variety of uses for the products described in this publication,
those responsible for the application and use of this control equipment must
satisfy themselves that all necessary steps have been taken to assure that each
application and use meets all performance and safety requirements, including
any applicable laws, regulations, codes and standards.

The illustrations, charts, sample programs and layout examples shown in this
guide are intended solely for purposes of example. Since there are many
variables and requirements associated with any particular installation,
Allen-Bradley does not assume responsibility or liability (to include intellectual
property liability) for actual use based upon the examples shown in this
publication.

Allen-Bradley publication SGI-1.1, Safety Guidelines for the Application,
Installation, and Maintenance of Solid-State Control (available from your local
Allen-Bradley office), describes some important differences between solid-state
equipment and electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this copyrighted publication, in whole or in part,
without written permission of Allen-Bradley Company, Inc., is prohibited.

Throughout these installation instructions we use notes to make you aware of
safety considerations:

ATTENTION: Identifies information about practices or circumstances
that can lead to personal injury or death, property damage or economic loss.

Attention statements help you to:

® jdentify a hazard
® avoid the hazard
® recognize the consequences

Important:  Identifies information that is critical for successful application and
understanding of the product.

Publication 1746-5.3
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Discrete I/O Modules

Overview

In addition to providing the module’s electrical specifications, this document
tells you how to:

install the module into a chassis
® wire the module’s terminal block

install the Octal Filter Label

Installation

ATTENTION: Never install, remove, or wire modules with power

applied to chassis.

Important: The first slot of the chassis is reserved for the processor or the
1747-ASB module.

i

" os W e

Disconnect power.

Align circuit board of module with chassis
card guide. (A)

Slide the module into the chassis until the
bottom tabs lock into place. (B)

Route the wires down and away from the
module, securing them with the wire tie. (C)
To keep the chassis free from debiis, cover
all unused slots with Card Slot Filler, Catalog
Number 1746-N2.

To remove the module, press and hold the
module release located on each seif-locking
tab, and slide the module out of the chassls
slot. (D)

max. #14 AWG (2 mm?)
max. 2 wires per terminal | B2
max. torque: 0.9 Nm (8 indbs) |l |5 &

.
A
A )
— -

Publication 1746-5.3



Discrete 1/0 Modules

Specifications
General I/O

Table 1

Specifications for All Discrete Modules

Operating Temperature 0°C to 60°C (32°F to 140°F)®

Storage Temperature —40°C to 85°C (—40°F to 185°F)

Operating Humidity 5% to 95% (noncondensing)

Noise Immunity NEMA standard ICS 2-230

Vibration (Operating ) Displacement 0.015 in peak at 5-57 Hz
Acceleration 2.5Gs at 57-2000 Hz

Shock (Operating ) 30Gs (all modules except relay contact) .
10Gs (relay contact modules, -OW, -OX, /O
combo)

Isolation® 1500V

Agency Certification * UL listed
» CSA certified

 CE compliant for all applicable directives
when product or packaging is marked

Hazardous Environment Class

@

Class |, Division 2 Hazardous Environment
UL-A196, CSA

®
)}

(€)
respective module.

Publication 1746-5.3

Exceptions are indicated with certain modules.
Electro-optical isolation between I/O terminals and control logic.
Some modules are classified Class |, Division 2 by CSA only as shown in the specification table for the
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Specifications

Heat Dissipation

The following tables contain values for the heat dissipated by each I/O module.
Use them to calculate the total amount of heat dissipated by your SLC 500 ™
control system. For details on how to calculate total heat dissipation, refer to the
SLC 500 Modular and/or Fixed Hardware Style Installation and Operation
Manual (Publication Number 1747-6.2 or 1747-6.21). Please note the following

definitions:

® Watts per Point — the heat dissipation that can occur in each
field wiring point when energized at nominal voltage.

® Minimum Watts — the amount of heat dissipation that can occur
when there is no field power present.

® Total Watts — the watts per point plus the minimum watts (with
all points energized).

Table 2
Input Module Heat Dissipation
Catalog Numbers Watts per Point Minimum Watts Total Watts

1747-1A4 0.27 0.175 1.30
1746-1A8 0.27 0.250 240
1746-1A16 0.27 0.425 4.80
1746-1B8 0.20 0.250 1.90
1746-1B16 0.20 0.425 3.60
1746-1C16 0.22 0.425 3.95
1746-1G16 0.02 0.700 1.00
1746-H16 0.32 0.217 5.17
1746-IM4 0.35 0.175 1.60
1746-IM8 0.35 ’ 0.250 3.10
1746-M16 0.35 0.425 6.00
 1746-IN16 0.35 0.425 6.00
1746-ITB16 0.20 0.425 3.60
1746-TV16 0.20 0.425 3.60
1746-1V8 0.20 0.250 1.90
1746-V16 0.20 0.425 3.60

Publication 1746-5.3



Discrete I/0 Modules

Specifications

Heat Dissipation (continued)

Table 3
Output Module Heat Dissipation
Catalog Numbers Watts per Point Minimum Watts Total Walts
1746-0A8 1.000 0.925 9.00
1746-0A16 0.462 1.850 9.30
1746-0AP12 1.000 1.850 10.85
1746-0B8 0.775 0.675 6.90
1746-0B16 0.388 1.400 7.60
1746-OB16E 0.150 0.675 3.07
1746-OBP8 0.300 0.675 3.08
1746-0OBP16 0.310 1.250 6.26
1746-0G16 0.033 0.900 1.50
1746-0v8 0.775 0.675 6.90
1746-0V16 0.388 1.400 7.60
1746-0VP16 0.310 1.250 - 6.26
1746-OW4 0.133 1.310 1.90
1746-OW8 0.138 2.590 3.70
1746-0W16 0.033 5.170 5.70
1746-0X8 0.825 2.590 8.60
Table 4
Combination Input/Output Module Heat Dissipation
Catalog Numbers Watts per Point Minimum Watts Total Watts
1746-104 0.27 per input point 0.75 1.60
0.133 per-output point
1746-108 0.27 per input point 1.38 3.00
0.133 per output point
1746-1012 0.27 per input point 2.13 4.60
0.133 per output point

Publication 1746-5.3
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Specifications

Input Modules - ac

Table 5
Specifications for Discrete Input Modules 1746-1A4, -|A8, and -IA16
Description: Specification: 1746-
IA4 IA8 1A162
Voltage Category 100/120V ac Signal Input
Number of Inputs 4 8 16
Points per Common 4 8 16
Operating Voltage 85-132V ac at 47-63 Hz
Backplane Current 5V 0.035A 0.050A 0.085A
Consumption 24V 0.0A
Signal Delay (max.) on=35ms
off =45ms
Off State Voltage (max.) 30V ac
Off State Current (max.) _ 2mA
Nominal Input Current at 120V ac ' 12mA
Inrush Current (max)® 0.8A
Inrush Current Time Duration (max.) 0.5ms
@

Removable Terminal Block.

@ An ac input device must be compatible with SLC 500 input circuit inrush current. A current limiting resistor
can be used to limit inrush current; however, the operating characteristics of the ac input circult will be
affected.

Publication 1746-5.3
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Specifications

Input Modules - ac (continued)

Table 6
Specifications for Input Modules 1746-IM4, -IM8, and -IM16
Description: Specification: 1746-
IM4 IM8 m16®
Voltage Category 200/240V ac Signal Input
Number of Inputs 4 8 16
Points per Common 4 8 16
Operating Voltage 170-265V ac at 47-63 Hz
Backplane Current Consumption | 5V 0.035A 0.050A 0.085A
24V 0.0A
Signal Delay (max.) on=35ms
off =45 ms
Off State Voltage (max.) . _ 50V ac
Off State Current (max.) ' 2mA
Nominal Input Current at 240V ac 12mA
Inrush Current (max)® 1.6A
Inrush Current Time Duration (max.) 0.5ms

@ Removable Terminal Block.

@ An ac input device must be compatible with SLC 500 input circuit inrush current. A current limiting resistor
can be used 1o limit inrush current; however, the operating characteristics of the ac input circuit will be
affected.

Publication 1746-5.3
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L

Specifications

Input Modules ~dc

Table 7

Specifications for Input Modules 1746-iB8, -1B16, -ITB16, and -IC16

Description: Specification: 1746~
IB8 B16° | me16® 1c169@
Voltage Category 48V dc
24V dc Signal Input (sinking) Signal Input (sinking)
Number of Inputs 8 16 16 16
Points per Common 8 16 16 16
30-60V dc at 55°C
Operating Voltage 10-30V dc (sinking) 30-55V dc at 60°C
(sinking)
Backplane Current | 5V 0.050A
Consumption 24V 0.0A
Signal Delay (max.) on=8ms | on=8ms | on=0.3ms on=4ms
off=8ms | off=8ms off =0.5 off=4ms
ms®
Off State Voltage (max.) 5.0V dc 10.0V dc
Off State Current (max.) 1mA 1mA 1.5mA 1.5mA
Nominal Input Current 8mA @24 Vdc 4.1mA @48V dc

0]

@ Typical signal defay for these modules: ON = 0.1 ms, OFF = 0.25 ms at 24V dc.

Removable Terminal Block.

@ Use ID Code 0509 when configuring your system with programming software or the HHT.

Publication 1746-5.3
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Specifications

Input Modules - dc (continued)

Table 8

Specifications for Input Modules 1746-1V8, -IV16, and -ITV16
Description: Specification: 1746-

v8 "v16® mvie®
Voltage Category 24V dc Signal Input (sourcing)
Number of Inputs 8 16 16
Points per Common 8 16 16
Operating Voltage 10-30V de (sourcing)
Backplane Current 5V 0.050A 0.085A 0.085A
Consumption 24V 0.0A
Signal Delay (max.) on=8ms on=8ms on=03ms
off =8 ms off=8ms off=05ms

Off State Voltage (max.) 5.0V dc
Off State Current (max.) 1mA 1mA 15mA
Nominal Input Current at 24V dc - 8 mA

®

Removable Temminal Block.
@ Typical signal delay for these modules: ON = 0.1 ms, OFF = 0.25 ms at 24V dc.

Publication 1746-5.3
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Specifications

Input Modules — dc (continued)

Table 9
Specifications for Input Modules 1746-1G16
Description: 17464G16%
Voltage Category 5V de TTL Signal Input (sourcing)
Number of Inputs 16
Points per Common 16
Operating Voltage 4.5-5.5V dc (sourcing)
50mV peak o peak ripple (max.)
Backplane Current 5V 0.140A
Consumption 24V 0.0A
Signal Delay (max.) on=0.25ms
off =0.50 ms
Off State Voltage (max.) 2.0V dc®
Off State Current (max.) 4.1 mA
Nominal Input Current at 5V dc 3.7mA
®

Removable Terminal Block.

@ TTL inputs are inverted (—0.2 to +0.8V dc = low voitage = True = ON). Use a NOT instruction in your ladder
program fo convert fo traditional True = High logic.

Publication 1746-5.3
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Specifications

Input Modules - dc (continued)

Table 10 ,
Specifications for Input Modules 1746-IN16
Description: 1746-IN36°
Voltage Category 24V ac/dc Signal Input
Number of Inputs 16
Points per Common 16
Operating Voltage de 10-30V dc (sinking)
ac 10-30V ac
Backplane Current Consumption 5V 0.085A
24V 0.0A
Signal Delay (max.) de on=15ms
off=15 ms
ac on=25ms
off =25 ms
Off State Voltage (max.) de 3.0Vde
ac 3.0Vac
Off State Current (max.) de 1mA
ac 1mA
Nominal Input Current de 8 mA at 24V de
ac 8mAat24Vac
Inrush Current (max.) 0.02A (ac only)
® Removable Terminal Block.

Publication 1746-5.3
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Specifications

Input Modules — dc (continued)

Table 11
Specifications for Input Modules 1746-1H16
Description: 1726116029
Voltage Category 125V dc Signal Input (sinking)
Number of Inputs 16
Points per Common 16
Operating Voltage Range: Max. Points ON Simultaneously:
90-146V dc 16 @146V dc and 30°C
12 @146V dc and 50°C
14 @132V dc and 55°C
16 @125V dc and 60°C
Backplane Current Consumption | 5V 0.085A
‘ 24V 0.0A
Signal Delay (max.) on=9ms
off=9 ms
Off State Voltage (max.) 20.0Vdc
Off State Current (max.) 08mA .
Nominal Input Current 2.15mA @125V dc
2.25 mA @132V dc

© Rgmovable Terminal Block.

@ Use ID code 0507 when configuring your system with programming software or the HHT.

® If the Input module is connected in paralle! with an inductive load, use surge suppression across the load to
protect the input module from damage caused by reverse voltage. Refer to the SLC 500 Modular Hardware
Style Installatioin and Operation Manual, publication 1747-6.2, for more information on surge suppression.

Publication 1746-5.3
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Specifications

Output Modules - ac

Table 12
Specifications for Output Modules 1746-0A8, -OA16, -OAP12

Description: Specification: 1746-
OA8 oa16® | 0ap12029®
Voltage Category 120/240V ac Signal Input
Number of Outputs 8 16 12
Points per Common 4 8 6
Operating Voltage 85-265V ac at 47-63 Hz
Backplane Current 5V 0.185A 0.370A 0.370A
Consumption 24V 0.0A
Max. Signal Delay, Resistive Load.® on=1ms/off=11.0ms
Off State Leakage (max.)© 2mA
Load Current (min.) 10 mA
2.0A at 30°C
. @ 1.0Aat30°C | 0.50A at 30°C
Continuous Current per Point o o 1.25A at 55°C
0.50A at 60°C | 0.25A at 60°C 1.0A at 60°C
Continuous Current 8.0A at 30°C 8.0A at 30°C 9.0A at 30°C
per Module (max.) 4.0A at 60°C 4,0A at 60°C 6.0A at 60°C
On State Voltage Drop (max.) 1.50V at 1.0A | 1.50V at 0.50A 1.2Vat2.0A
Surge Current per Point® (max) | 10.0A for 25 ms | 10.0Afor25ms | 17.0A for 25 ms®

Removable Terminal Block.

A fused common and blown fuse LED are provided on this module. See pages 29 through 36 for blown fuse
diagnostics and replacement. '

Use 1.D. code 2803 when configuring your system with programming software or the HHT.
Certified for Class I, Division 2 hazardous location by CSA.
Triac outputs tum on at any point in the ac line cycle and tum off at ac line zero cross.

To limit the effects of leakage cumrent thru solid state outputs, a loading resistor can be connected in parallel
with your load. For 120V ac operation use a 15K Q, 2W rasislor. For 240V ac operation use a 15K Q, SW
resistor.

o Recommended surgs suppression: For triac outputs when swilching 120V ac inductive loads use Harris
Metal-Oxide Varistor, model number V220MA2A. Refer to the SLC 500 Modular Hardware Style Installatioln
and Operation Manual, publication 1747-6.2, for more information on surge suppression.

® Repeatability is once every 1s at 30°C. Repeatability is once every 2s at 60°C.
Surge current = 35A per common for 10 ms.

©6ee®&e o
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Specifications

Output Modules —dc

Table 13
Specifications for Output Modules 1746-0BS, -0B16, and OB16E
Description: Specitication: 1746-
OB8 0B16® 0B16ED?
Number of Outputs 16 16
Points per Common 16 16
Voltage Category 24V dc Signal Output
Operating Voltage (V dc) 10-50 (source) 10-30 (source)
Backplane Current 5V 0.135A 0.280A 0.135A
Consumption 24V 0.0A
Signal Delay (max.). Resistive on=0.1ms on=0.1ms on=10ms
Load. off=1.0ms off=1.0ms off=1.0ms
Off State Leakage (max)® 1mA
Load Current (min.) 1mA
. c Poi @ | 10Aat30°C 0.50A at 30°C 1.0A at 30°C
Continuous Current per Point™ | g 50Aa160°C | 0.25Aat60°C | 0.50Aat60°C
. 8.0A at 30°C 8.0A at 30°C 8.0A at
Continuous Current per Module 4.0A at 60°C 4.0A at 60°C 0° 1o 60°C
On State Voltage Drop (max.) 1.2Vat1.0A 1.2V at 0.50A 1.0V at 0.50A
Surge Current per Point® 3.0A for 10 ms 3.0Afor10ms | 2.0Afor10 ms®

®

Removable Terminal Block.

1746-0OB16E = 2920.

® e ©

Use the following 1.D. code when configuring your system with programming software or the HHT:

To limit the effects of leakage current thru sofid state outputs, a loading resistor can be connected in parallel
with your load. For transistor outputs, 24V dc operation, use a 5.6K ohm, 1/2 watt resistor.

Recommended surge suppression: For transistor outputs when switching 24V dc inductive loads use a

1N4004 diode reverse-wired across the load. Refer to the SLC 500 Modular Hardware Style Installation and
Operation Manual, publication 1747-6.2, for more information on surge suppression.

Continued on following page.
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18 Discrete 1/0 Modules

® Repeatability is once every 1s at 30°C. Repeatability is once every 2s at 60°C.

© Surge current = 32A per module for 10 ms.

ATTENTION: A transient pulse occurs in transistor outputs when the
external dc supply voltage is applied to the output common terminals
(e.g., via the master control relay). This can occur regardless of the
processor having power or not. For most applications, the energy of this
pulse is not sufficient to energize the load. Refer to the SLC 500
Modular and/or Fixed Hardware Style Installation and Operation
Manual (Publication Number 1747-6.2 or 1747-6.21) for more
information on transient pulses and guidelines to reduce inadvertent

processor operation.

Publication 1746-5.3
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Specifications

Output Modules — dc (continued)

Table 14
Specifications for Output Modules 1746-OBPS, and -OBP16
Description: Specification: 1746-
0Bprs®®®@ 2
Number of Outputs 8 16
Points per Common 4 16
Voliage Category 24V dc Signal Output
Operating Voltage (V dc) 20.4-26.4 (source)
B e renTE : 5V 0.135A 0.250A
ckplane Current Consumption T 0.0A
, i on=1.0ms on=0.1 ms®
Signal Delay (max.). Resistive Load. off=2.0ms off = 1.0 ms
Off State Leakage (max.)® 1 mA
Load Current (min.) 1mA
: @
. ) o 1.5A at 30°C
Continuous Current per Point 2.0A at 60°C 1.0A a1 60°C
Continuous Current per Module 8.0A at 60°C 6.4Aal
) 0° to 60°C
On State Voltage Drop (max.) 1.0V at2.0A 1.0V at 1.0A
Surge Current per Point® 4.0A for 10 ms 40A for 10 ms®

Q) Removable Terminal Block.

@ This module provides fast OFF delay for inductive loads. Comparative OFF delay times for 1746-0B8/-OV8

and 1746-OBP16/-OVP16, when switching Bulletin 100-B110 (24 walts sealed) contactor, are:
1746-0B8/-OV8 OFF delay = 152 ms; 1746-OBP16/-OVP16 OFF delay =47 ms

@ A fused common and blown fuse LED are provided on this module. See pages 29 through 36 for hse blown
diagnostics and replacement.

® An extemal fuse can be used o protect this module from short circuits. Recommendad fuse is SANO
MQ4-3.15A, 5x20 mm.

® Use the following 1.D. code when configuring your system with programming software or the HHT.
1746-OBP8 = 2721 and 1746-OBP16 = 2921.

Continued on following page.
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20 Discrete 1/0 Modules

®
@

Cerlified for Class I, Division 2 hazardous location by CSA.

To limit the effects of leakage current thru solid state outputs, a loading resistor can be connected in parallel
with your load. For transistor outputs, 24V dc operation, use a 5.6K ohm, 1/2 watt resistor.

Recommended surge suppression: For transistor outputs when switching 24V dc inductive loads use a

1N4004 diode reverse-wired across the load (also see footnote 9). Refer to the SLC 500 Modular Hardware
Style Installation and Operation Manual, publication 1747-6.2, for more information on surge suppression.

® Fast off delay for inductive loads is accomplished with surge suppressors on the 1746-OBP16 and -OVP16

modules. A suppressor at the load is not needed unless another contact is connected in series. If this is the
case, a 1N4004 diode should be reverse wired across the load. This defeats the fast tum off feature.

© Repeatability is once every 1s at 30°C. Repeatability is once every 2s at 60°C.
@ Surge current = 32A per module for 10 ms.

ATTENTION: A transient pulse occurs in transistor outputs when the
external dc supply voltage is applied to the output common terminals
(e.g., via the master control relay). This can occur regardless of the

processor having power or not. For most applications, the energy of this

pulse is not sufficient to energize the load. Refer to the SLC 500
Modular and/or Fixed Hardware Style Installation and Operation
Manual (Publication Number 1747-6.2 or 1747-6.21) for more
information on transient pulses and guidelines to reduce inadvertent
processor operation.

Publication 1746-5.3
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Specifications

Output Modules - dc (continued)

Table 15
Specifications for Output Modules 1746-OV8, -0V16, -OVP16
Description: Specification: 1746-
ovs ovie® | ovp1s®®®
Number of Outputs 8 | 16 16
Points per Common 8 16 16
Voltage Category 24V dc Signal Output
Operating Voitage (V dc) 10~50 (sink) 20.4-26.4 (sink)
Backplane Current 5V 0.135A 0.270A 0.250A
Consumption 24V 00A
Signal Delay (max.). Resistive on=0.1ms on=0.1 ms®
Load. off=1.0ms off=1.0ms
Off State Leakage (max.)® 1mA
Load Current (min.) 1mA
Continuous Current per Point® 10Aat30°C . | 050Aat30°C | 15Aataoec®
: 0.50A at 60°C 0.25A at 60°C 1.0A at 60°C
Continuous Current per Module 8.0A at 30°C 6.4A at
4,0A at 60°C 0° t0 60°C
On State Voltage Drop (max.) 1.2V at 1.0A 1.2V at 0.5A 1.0V at1.0A
Surge Current per Point® 3.0A for 10 ms 40Afor 10ms®
o

Removable Temminal Block.

@ This module provides fast OFF delay for inductive loads. Comparative OFF delay times for 1746-0B8/-0V8
and 1746-OBP16/-OVP16 when switching Bulletin 100-B110 (24W) contactor are: 1746-OB&/-OV8 OFF
delay = 152 ms. 1746-OBP16/-0VP16 OFF delay = 47 ms.

o A fused common and blown fuse LED are provided on this module. See pages 29 through 36 for blown fuse
diagnostics and replacement.

® Use the following 1.D. code when configuring your system with programming software or the HHT.
1746-OVP16 = 2922.

® Certified for Class J, Division 2 hazardous location by CSA.
Continued on following page.
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© To limit the effects of leakage current thru solid state outputs, a loading resistor can be connected in parallel
with your load. For fransistor outputs, 24V dc operation, use a 5.6K ©, 1/2W resistor,

@ Recommended surge suppression: For transistor outputs when switching 24V dc inductive loads use a
IN4004 diode reverse-wired across the load. (also see footnote 8.) Refer to the SLC 500 Modular Hardware
Style Installatioin and Operation Manual, publication 1747-6.2, for more information on surge suppression.

® Fast off delay for inductive loads is accomplished with surge suppressors on the 1746-OBP16 and -OVP16
- modules. A suppressor at the load is not needed unless another contact is connected in series. If this is the
cass, a 1N4004 diode should be reverse wired across the load. This defeats the fast turn off feature.
©)

Repeatability is once every 1s at 30°C. Repeatability is once every 2s at 60°C.

Surge current = 32A per module for 10 ms.

ATTENTION: A transient pulse occurs in transistor outputs when the
external dc supply voltage is applied to the output common terminals
(e.g., via the master control relay). This can occur regardless of the
processor having power or not. For most applications, the energy of this
pulse is not sufficient to energize the load. Refer to the SLC 500
Modular and/or Fixed Hardware Style Installation and Operation
Manual (Publication Number 1747-6.2 or 1747-6.21) for more
information on transient pulses and guidelines to reduce inadvertent
processor operation.
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Specifications
Output Modules - dc (continued)

Table 16
Specifications for Output Modules 1746-0G16

Description: Specification: 1746-0G16>
Number of Outputs 16
Points per Common 16
Voltage Category 5V dc TTL Signal Input (sinking)
Operating Voltage 45-55V dc®

50mV peak to peak ripple (max,)
Backplane Current 5V 0.180A
Consumption 24V 0.0A
Signal Delay (max.). Resistive Load. on=0.25 ms

off=0.50 ms
Oft State Leakage (max.) 0.1 mA
Load Current (min.) 0.15mA
. Continuous Current per Point 24 mA

- © Removable Terminal Block.

@ TTL outputs are inverted (0 to 0.4V dc = low voltage = True = ON). Use a NOT instruction in your ladder

program to convert {o traditional True = High logic.
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Specifications

Relay Contact Output Modules

Table 17
Specifications for Output Modules 1746-OW4, -OW8, -OW16, -0X8
Description: Specification: 1746-
ows® ows® ow1s®? | oxg®?
Number of Outputs 4 8 16 8
Points per Common 4 4 8 Individually
Isolated
Voltage Category ac/dc Relay
Operating Vde - 5125
Voltage Vac 5265
Backplane 5V 0.045A 0.085A 0.170A 0.085A
Current
Consumption | 24V 0.045A 0.090A 0.180A 0.090A
Signal Delay (max.). : on=10.0ms
Resistive Load. off =10.0 ms
Off State Leakage :
| (max) 0mA
.Load Current (min.) 10mA at 5V dc
Contmyous L See relay contact rating tables (Table 18 and Table 19).
per Point
Continuous Current 8.0A ac 16.0A ac 16.0A ac ®
per Module 8.0A /Common | 8.0A /Common | 8.0A /Common

® Certified for Class I, Division 2 hazardous location by CSA.

@ Removable Terminal Block.

@ Recommended surge suppression: For relay contact outputs consult the SLC 500 Installation and
Operation Manual (Publication Number 1747-6.2). Connecting surge suppressors across your extemal
inductive load will extend the life of SLC 500 relay contacts.

® The continuous current per module must be limited so the module power does not exceed 1440 VA,
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Specifications

Relay Contact Ratings

Table 18
Relay Contact Rating Table for Output Modules 1746-OW4, -OW8, -OW16

Voltages: Amperes® Amperes Volt-Amperes

@
Continuous
Make Break Make Break
Maximum Volts (ac) 120 15 1.5
240 75 075 25 1800 180
Maximum Volts (dc) | 125 0229 1.0 28
24 129 2.0 28

Table 19
Relay Contact Rating Table for Output Module 1746-0X8

Voltages: ® -

ges Amperes Amperes ® Volt-Amperes
Continuous
Make Break Make Break
Maximum Volts (ac) 120 30 3.0
240 15 15 5.0 3600 360
Maximum Volts (dc) | 125 0.02° 1.0 28
24 129 2.0 28

@ Recommended surge suppression: For relay contact outputs consult the SL.C 500 Installation and
Operation Manual (Publication Number 1747-6.2). Connecting surge Suppressors across your extenal

inductive load will extend tha life of SLC 500 relay contacts.
@ The continuous current per module must be limited so the module power does not exceed 1440 VA.

Q For dc voltage applications, the make/break ampere rating for relay contacts can be determined by dividing
28 VA by the applied dc voliage. For example, 28 VA + 48V dc = 0.58A. For dc voltage applications less
than 14V, the make/break ratings for relay contacts cannot exceed 2A.
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Specifications

Input/Output Combination Modules

Table 20

Specifications for Combination Module 1746-104, -108, -1012

Description: Specifications: 1746-

10402 10802 101299@
Points per Module 2inputs 4 inputs 6 inputs

2 outputs 4 outputs 6 outputs
Points per Common 2 4 6
Voltage Category (Inputs) 120V ac
Operating Voltage (Inputs) 85-132V ac
Voltage Category (Outputs) 100/120V ac Relay contact output
Operating Voltage (Outputs) 5-265V ac _

5-125V dc

Backplane Current 5V 0.030A 0.060A 0.090A
Consumption 24 0.025A 0.045A 0.070A

® Certified for Class |, Division 2 hazardous location by CSA.

@
)
@

Module is 8.0A.

Publication 1746-5.3

See specifications for Catalog Numbers 1746-IA4 and 1746-OW4. Continuous Current per 1746-104
Module is 4.0A. Continuous Current per 1746-108 Module is 8.0A.
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Octal Label Kit Installation (for PLC Processors Only)

The octal label kit consists of an octal filter label and a door label. Use these
octal labels to replace the decimal labels that are attached to the I/O modules.
Octal label kit is included with the I/O modules and can also be obtained through

your Allen-Bradley distributor.

ATTENTION: Do not touch or remove the terminal block when the
SLC 500 system is powered. Contact with ac line potential may cause
injury to personnel.

Applying the Octal Filter Label

1. Remove the octal filter label from its paper carrier.

2. Align the octal filter label numbers horizontally to the module color bar and
over the decimal filter numbers.

3. Apply the octal label to the filter.

4. Press firmly to ensure proper adhesion of the label.

Applying the Octal Door Label

1. Remove the octal door label from its paper carrier.

2. Align the octal label directly over the decimal door label on the inside of the
door.

3. Press firmly to ensure proper adhesion of the label.
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Octal Label Kit Installation (for PLC Processors Only)

Removable Terminal Blocks

Colored terminal blocks are removable by loosening the upper and lower
retaining screws. Black terminal blocks are not removable.

Figure 1
Installing Octal Labels
Module Color Bar Octal Filter Label
N oooaoo
I O Ry o OO0 0Oao
I O I O Oy OO0 00O
8 v‘:e;:‘ OoOo0oago Upper Retaining Screw Maximum |0 O3 CJ O
eve ® IlIooo O /_ Torque = 0.6 Nm (5.3 in-Ibs)
% )
Removable ————» @%
Teminal @
Block GE‘@
Terminal Wiring @
max. #14 AWG (2 mm?) e
max. 2 wires per terminal @ |
max. torque: 0.9 Nm (8 in-lbs) @ '
I ' 1748-X000K g 1746-X00X (OCTAL)
Octal Door Label
\_ Lower Retaining S¢rew Maximum

Torque = 0.6 Nm (5.3 in-Ibs)
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Fuse Protection and Blown Fuse Diagnostics

This section describes fusing characteristics for the following modules:

e Catalog 1746-OBP16
® Catalog 1746-OVP16
e Catalog 1746-OAP12

Fuse Protection (1746-OBP16 and 1746-OVP16)

The fuse on the 1746-OBP16 and 1746-OVP16 modules (shown on page 30) has
been designed to provide short circuit protection for wiring only (16 AWG or
larger) to external loads. In the event of a short circuit on an output channel, it is
likely that the transistor associated with that channel will be damaged and the
module should be replaced or a spare output channel used for the load. The fuse
does not provide overload protection. In the event of an overload on an output
channel, it is likely that the fuse will not blow and the transistor associated with
that channel will be damaged. To provide overload protection for your
application, user supplied fuses should be installed externally and properly sized
to match your individual load characteristics.

Fuse Protection (1746-OAP12)

A fuse is provided on each common of the 1746-OAP12 module (shown on
page 31) for a total of 2 fuses. The fuses are designed to protect the module
from short circuit conditions. The fuse does not provide overload protection. In

_ the event of an overload on an output channel, it is likely that the fuse will not

blow and the output device associated with that channel will be damaged. To
provide overload protection for your application, user supplied fuses should be
installed externally. Recommended fuse for overload protection is SAN-O HT.
Select the fuse rating according to your load. Do not use HT fuses rated higher

than 2.0 amps.

Blown Fuse Diagnostics
If the fuse blows on the 1746-OBP16, -OVP16 or -OAP12, the following occurs:

1. The blown fuse LED will illuminate provided power (5V dc via backplane
and load power via external supply) is applied to the module.

2. A processor error will occur if JP1 connects pins 2 and 3. (See Figure 2 on
page 30 and Figure 3 on page 31.)
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Fuse Protection and Blown Fuse Diagnostics
Blown Fuse Diagnostics (continued)

Figure 2
Location of Jumpers and Fuses for 1746-OBP16 and -OVP16

Location for 1746-0BP16 Fuse (F1) \
‘i [ b
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Jumper for processor ::E Left Side View

notification (JP1)
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|\
L AJ

7\

4

/

Location for 1746-OVP16 Fuse (F1)

WHEN FUSE OPENS
QUTPUT 2| | 1-——PROCESSORCON-
8888 F JP1 TINUES
8888 v Blown Fuse LED
s 3 2 <«— PROCESSOR
E FAULTS
REPLACEMENT FUSE:
UTTELFUSE 322010
A-B CAT. NO. 1746-F8
Jumper Settings and
Fuse Replacement Information
Front View
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Fuse Protection and Blown Fuse Diagnostics

Blown Fuse Diagnostics (continued)

Figure 3

Location of Jumpers and Fuses for 1746-OAP12

Jumper for processor
notification (JP1)
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0000

0ooo §
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3
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CONTINUES

2 <«—— PROCESSOR
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REPLACEMENT FUSE:
SAN-O HQ 6.3A
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Jumper Settings and
Fuse Replacement
Information

Publication 1746-5.3



32 Discrete /O Modules

Fuse Protection and Blown Fuse Diagnostics

Processor Operation in Case of Blown Fuse — Processor Continues

The factory set position for JP1 is shown in Figure 4. For this JP1
configuration, the processor operation will continue if the module fuse blows.

Figure 4
JP1 Factory Set Position (No Processor Notification)

JP1

3 . - JP1isin Factory Set Position.
There Is no processor notification

9 . for blown fuse.

1@

1746-0BP16 and -OVP16

3 2 1
- ® |~

1746-0AP12
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Fuse Protection and Blown Fuse Diagnostics

Processor Operation in Case of Blown Fuse — Processor Faults

The Processor Fault position for JP1 is shown in Figure 5. For this JP1
configuration, the processor generates a Non-Recoverable Error for all SLC 500
processors (Fixed and Modular). For a non-recoverable error, note the
following:

Processor operation halts and the processor fault light flashes.
All outputs are reset to OFF.
The processor major fault bit S:1/13 is set.

Monitor processor status file word S:6 for error code xx58 for SLC 500 and
5/01™ processors, and error code xx60 for SLC 5/02™, SLC 5/03™, and
SLC 5/04™ processors.

Figure 5
JP1 in Processor Fault Notification Position

JP1

3| @
2 | @
1| @

1746-0BP16 and -OVP16 JP1 Is in processor Fault
Position. Processor is notified
when fuse is blown.

3 2 1
O 0 -~

1746-0AP12

Important: When using SLC 5/02, SLC 5/03, and SLC 5/04 processors, a user
fault routine cannot be used to clear the major fault bit.
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Fuse Protection and Blown Fuse Diagnostics

Processor Operation in Case of Blown Fuse — Processor Faults
(continued)

ATTENTION: For 1746-OBP16/-OVP16, all outputs on the
module are OFF if the fuse blows. For 1746-OAP12, all outputs
on the same common as the blown fuse are OFF if the fuse
blows. If processor operation is allowed to continue after a
blown fuse, extreme care should be taken to ensure the safety of

personnel and guard against equipment damage.

For additional information on processor fault codes and user fault routines refer
to the following user manuals:

® Your programming device’s reference manual

e HHT User Manual (Publication 1747-NP002) -
(a) Chapter 28, Troubleshooting Faults
(b) Chapter 29, Understanding the Fault Routine

Table 21 defines operation of SLC 500 processors in the case of a blown fuse in ‘
a 1746-OBP16, -OVP16 and -OAP12:

Table 21
Processor Operation After A Blown Fuse (1746-OBP16, -OVP16 and -OAP12)
JP1 Set to JP1 Setto
Processor Processor Continues Processor Faults
SLC 500 Fixed, No error. Processor Non-recoverable error.
SLC 5/01, SLC 5/02, continues with Processor operations stops

SLC 5/03, and SLC 5/04 | 1746-OBP16/-OVP16 outputs | and all outputs reset to OFF.
de-energized. 1746-OAP12
outputs, on the same
common as the blown fuse,
are de-energized.
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Fuse Protection and Blown Fuse Diagnostics

Recovery From Blown Fuse/Processor Fault/Processor Shutdown

Processor operation will stop under the following conditions:

® The output module fuse blows due to a short circuit.
® JP1 is set to the Processor Faults position (pins 2 and 3 connected).

If the above conditions occur, the following procedures should be used for
recovery:

1. Follow fuse replacement procedures shown on page 36.

2. Clear the processor major fault bit S:1/13.

3. Clear processor status file S:6 major error code (optional).
4. Return processor to Run Mode.

For additional information on processor fault codes and clearing processor fault
bits, refer to the following user manuals:

® Your programming device’s reference manual

® HHT User Manual (Publication 1747-NP002) -
(a) Chapter 28, Troubleshooting Faults
(b) Chapter 29, Understanding the Fault Routine

Replacement Fuse Recommendations

_ Use the following replacement fuses —

® 1746-OBP16/-OVP16 -Littelfuse #322010,10A. This fuse is required to
maintain UL/CSA rating. Replacement Fuse Kit is catalog number 1746-F8.
(5 fuses per kit).

® 1746-OAP12 -Use SAN-O HQ 6.3A for replacement. This fuse is required
to maintain UL/CSA rating. Replacement Fuse Kit is catalog number
1746-F9 (5 fuses per kit).
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Fuse Protection and Blown Fuse Diagnostics

Fuse Replacement Procedure

To replace a blown fuse:

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

1. Remove SLC 500 system power and correct the conditions causing the short
circuit.

2. Remove the output module from the chassis.

3. Remove the fuse.

e 1746-OBP16/-OVP16: Use a wide tipped, slotted head screw driver to
remove the blown fuse. Slide the screw driver tip under the fuse and use
a twisting motion to pry the fuse from the fuse clip. Use care so that the
printed circuit board and surrounding electronics are not damaged.

e 1746-OAP12: A fuse holder is provided with each fuse. Simply grasp
the fuse holder with needle-nose pliers, or your fingers, and pull it out.

3. Replace the fuse.
® 1746-OBP16/0OVP16: Center the replacement fuse over the fuse clip and
press down. If a tool is used to press the fuse in place, apply pressure to
the metal end caps only, not the center of the fuse.
e. 1746-OAP12: Insert a new fuse into the fuse holder, align fuse holder on

fuse clips and press down.

4. Replace the output module in the chassis.

5. Restore SLC 500 system power. Clear processor fault bits as indicated in the
steps provided on page 35.
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Electronically Protected Modules (1746-OB16E)

Electronic Protection

The electronic protection of the 1746-OB16E has been designed to provide
protection for the module from short circuit and from overload curent
conditions. The protection is based on a thermal cut-out principle. In the event
of a short circuit or overload current condition on an output channel, that
channel will limit current within milliseconds after its thermal cut-out
temperature has been reached. All other channels will continue to operate as
directed by the CPU (processor) module.

Important: The module does not provide protection against reverse polarity
wiring or wiring to AC power sources. Electronic protection is not intended to
replace fuses, circuit breakers, or other code-required wiring protection devices.

OUTPUT
o0Do o4
8888 E T EruseLeD
. 8
E

NOTE: There is
Front View no jumper setting
on this module.

("\J

Short Circuit/Overload Current Diagnostics
If a short circuit or overload current condition occurs on an output channel:

1. The E-Fuse LED will illuminate provided that power is applied to the
module. (power required: 5V dc via backplane and load power via an
external supply)

2. All other channels will continue to operate as directed by the CPU
(processor) module.

Recovery From Channel Shutdown

1. Remove the SLC 500 system power and correct the conditions causing the
short circuit or overload current condition.

2. Restore the SLC 500 system power. The module will automatically reset and
resume control of the output channel and associated load. :
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Wiring Diagrams

The wiring diagrams in these installation instructions are examples only. It is
not necessary to connect an I/O device to each and every I/O module terminal.

Labeling for SLC/PLC® Systems

In this document, 16 point I/O module wiring diagrams include both decimal and
octal numbers for I/O addressing and wire identification (Figure 6 on page 38).
To wire your 16 point I/O module when used in a SLC system, use the decimal
numbers in the upper left portion of each box. When used in a PLC system, use
the octal numbers in the lower right portion of the box. As shipped from the
Sactory, the I/O module has a decimal address label on the inside of its door. An
octal label kit should be included with your 16 point I/O modules, or a separate
octal conversion kit can be ordered, to allow you to convert your module to the

octal system.

Important: Ensure the octal labels are used with your PLC system. Directions
on how to install the labels are included with the kit and on page 27 of this

document.

Figure 6
Decimal and Octal Labeling for 16 Point VO
4 e )
8] Iy
T3 N0 o oL
;— For SLC (decimal) B P ‘__3[7.:._..
pe—— % a3 >
Mw‘ Me .
IN14 - > ° ¢
~ 100120V ac - 28 8| W7~ -7‘:____
16 \ - o N8 ? ’V
S —— | I L 10 Im11 L
\\'\‘-:.M‘QH \\I""‘D o ‘:‘flo‘! " :'7.]-;0_-"
~ SR— 13
- — /mvz" IN13
For PLC (Octal) :'---_ = W/ 15 -—-——?17,9—5
"‘:ﬁ‘ lﬂw & L
uY B e i | R~
Comeenp - — =™
INTERNALLY

\_ Ay,

Publication 1746-5.3



£'5-9pL1 UoREdlqnd

ATIVNUAUN
GLIINNOD
== — e
i 'S
91
¥l —'—0%—1[
¥l _k

NI

NOJ IV

NOJJV

N

N

e | SN L
ov | SN ]

9% AOZLOOL

%R AQZL00L
8vI-shil

n

J

\

noo v T a
tN -——o%—q
2Ni __a‘t-\-:ho—-- 2 AGZLOOL
W ___n*%_. |
om | s 0
o3sn
10N
aasn
10N
oasn
10N
ash
10N
® A0CLA0L
1A (g 21

J

(9Lvi- ‘8vI- ‘bVI-9pL)) sweibejq Bupim
. 2 anbid4

oe — sanpoyy nduy

sweibeiq Bunim

6¢

se|npop O/l ele10siq



40

Discrete 1/0 Modules

Wiring Diagrams

Input Modules - ac (continued)

Figure 8

Wiring Diagrams (1746-1M4, -IM8, -IM16)
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Wiring Diagrams

Input Modules - dc
Figure 9
Wiring Diagram (1746-IN16)
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Figure 10
Wiring Diagram (1746-1B8, -1B16, -ITB16, -IC16, -IH16)
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Wiring Diagrams

Input Modules - dc (continued)

Figure 11
Wiring Diagram (1746-V8, -IV16, -ITV16)
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Figure 12
Wiring Diagram (1746-1G16)
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Discrete 1/0 Modules

Wiring Diagrams
Output Modules - ac

Figure 13
Wiring Diagrams (1746-OA8, -OA16)
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Discrete 1/0 Modules

Wiring Diagrams
Output Modules — ac (continued)

Figure 14
Wiring Diagram (1746-0AP12)

( 1746-0AP12 \
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Discrete /0 Modules

Wiring Diagrams
Output Modules - dc

Figure 15

Wiring Diagrams (1746-0B8, -OBP8, -OB16, -OB16E, -OBP16)

( 1746-0B8 \
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Discrete /O Modules

Wiring Diagrams
Output Modules - dc (continued)

Figure 16 :
Wiring Diagrams (1746-0V8, -OV16, -OVP16)
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Discrete /0 Modules
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Wiring Diagrams

Output Modules — dc (continued)

Figure 17
Wiring Diagrams (1746 -0G16)
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Discrete 1/0 Modules

Wiring Diagrams
Relay Contact Output Modules

Figure 18 _
Wiring Diagrams (1746 -OW4, -OW8, -OW16)
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Discrete 1/0O Modules
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Wiring Diagrams

Relay Contact Output Modules (continued)

Figure 19
Wiring Diagram (1746-0X8)
( 1746-0X8
ISOLATED RELAY OUTPUT *
VAC-VDC
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Discrete 1/0 Modules

Wiring Diagrams

Input/Output Combination Modules

Figure 20
Wiring Diagram (1746-104, -108)
a 1746104 M\
100/120Vac INPUT  RELAY QUTPUT
Lior
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Discrete 110 Modules
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Wiring Diagrams

Input/Output Combination Modules (continued)

Figure 21
Wiring Diagram (1746-1012)
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SLC 500™ Modular Chassis |
(Cat. No. 1746-A4, -A7, -A10, and -A13 Series B)

Installation Instructions
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Important User Information

Because of the variety of uses for the products described in this publication.
those responsible for the application and use of this control equipment must
satisfy themselves that all necessary steps have been taken to assure that each
application and use meets all performance and safety requirements. including
any applicable laws, regulations, codes and standards.

The illustrations, charts, sample programs and layout examples shown in this
guide are intended solely for purposes of example. Since there are many
variables and requirements associated with any particular installation.
Allen-Bradley does not assume responsibility or liability (to include intellectual
property liability) for actual use based upon the examples shown in this
publication.

Allen-Bradley publication SGI-1.1, Saferv Guidelines for the Application.
Installation, and Maintenance of Solid-Stare Control (available from your local
Allen-Bradley office). describes some important differences between solid-state
equipment and electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this publication, in whole or in part, without
written permission of the Allen-Bradley Company is prohibited.

Throughout these installation instructions we use notes to make you aware of
safety considerations:

ATTENTION: Identifies information about practices or circumstances
that can lead to personal injury or death, property damage, or economic loss.

Attention statements help you to:
® identify a hazard
® avoid the hazard
® recognize the consequences

Important:  Identifies information that is critical for successful application and
understanding of the product.



Supplemental Product Information

"CSA cer‘aﬁeg pro&ﬁt-:'t“s-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.

Example of the CSA certification product label CL1DN 2

@GP ABCD
® TEMP

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 non-hazardous
locations only.

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

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.

CL1DIV 2
GP ABC,D
® TEMP
@ ~e— Look for temperature code

rating here

Temperature code rating

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

ATTENTION: Explosion hazard —
« Substitution of components may impair suitability for Class I, Division 2.

» Do not replace components unless power has been switched off or the
area is known to be non-hazardous.

« Do not disconnect equipment unless power has been switched off or the areais
known to be non-hazardous.

o Do not disconnect connectors unless power has been switched off or the area is
known to be non-hazardous. 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
Newton (3.4 Ib.) separating force applied for a minimum of one minute.

PLC is a registered trademark of Allen-Bradiey Company, Inc.
CSA logo is a registered trademark of the Canadian Standards Association.

Publication AG-4.1 - January 1993 PN 955800-14
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o Allen-Bradley

SLC 500 Modular Chassis
(Cat. No. 1746-A4, -A7. -A10, and -A13 Series B)

Installation Instructions

What's in this Publication

Use this publication as a guide when installing a SLC 500™
modular chassis (1746-A4, -A7. -A10, or -A13 series B).

Installation
To: See page:
', prepare for installation 2
§ allow sufficient mounting space 3
,', install your chassis 4
§ ground your chassis 6
,', install the chassis interconnect cable (optional) 9
,', install your /O modules and attach your power supply 9
Reference
For this information: See page:
=p mounting dimensions 10
mp specifications 12

For additional installation information, see the SLC 500 Modular Style
Installation and Operation Manual, publication 1747-6.2.



Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Prepare for Installation

Make sure you have these items.

M4 or M5 (#10 or #12) Hardware

= phillips screw and star washer (or SEM screw — phillips screw with attached
star washer) for chassis mounting tabs

This chassis: Has:

1746-A4 4 mounting tabs

1746-A7 4 mounting tabs

1746-A10 6 mounting tabs
1746A13  8mounting tabs

= phillips screwdriver

® drill

Documentation
For your:

= processor or I/O adapter module

= power supply
s communication modules and/or I/O modules



Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

Allow Sufficient Mounting Space

Important: Make sure you meet these minimum spacing requirements.
Up to three SLC chassis can be connected (for a maximum of 30 I/O slots).

Enclosure
>15.3cm
(6.0in)
O[O\
" g ;%ﬁtﬁ%ﬁ'ﬁ“
>10.2cm —
(4.0in)
_L : L
= ) 1746-C9
' 15.3 1020 cm P
(6.0t0 8.0in)
P 0 [0\ 11 01 T |
// | EEEaeT g AR * 1 EEIEnE| e b
f : .
, l(\hf 1746-C7, (>4132 )cm
! 4 i Jin
i 5}1:3(
[*] ] =% Se——)
>15.3¢cm | '
(6.0 in) 7.7t0102cm
(3.0t0 4.0in)
20230

Important: When vertically connecting two 1746-A13 chassis with a
1746-C9 cable, the space cannot be greater than 15.3 cm (6.0 in) for the cable
to reach from chassis to chassis.

For dimensions of: See page:
left side of all chassis 10
1746-A4, -A7 10
1746-A10, -A13 1

e

e



Installation Instructions

SLC 500 Modutar Chassis
1746-A4, -A7, -A10, -A13 Series B

Install Your Chassis

ATTENTION: Be careful of metal chips when drilling
mounting holes for the SLC chassis. Do not drill holes

above an SLC chassis if a processor and I/0O modules are
installed.

Drill holes in the back panel of the enclosure for chassis mounting tabs.

-

-~

iz
P

F

" 20088

Install the hardware for the top mounting tabs.

g M4 or M5 (#10 or #12) phillips screw and
/ ,/ star washer (or SEM screw)
@

20288

Note: Scrape paint off the back panel for an electrical
connection between the chassis and back panel.



Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

ATTENTION: If the chassis mounting tabs do not lay flat
before the screws are tightened, use additional washers as
shims so that the chassis will not be warped by tightening the

screws. Warping a chassis could damage the backplane and
cause poor connections.

Slide the chassis over the installed hardware and tighten the screws.

20289

4 Leaving far-left and far-right tabs open for grounding, install the
remaining tab hardware (for a four-slot chassis, leave both tabs open).

20290




Installation Instructions

SLC 500.Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Ground Your Chassis

To properly ground your /O chassns See page:

venfy grounding conflguratlon 6
install a central ground bus 7
connect equnpment groundlng conductor 7
connect equnpment groundmg conductor to ground bus 8

8

“connect ground bus to groundmg electrode system

Verify Grounding Configuration

This figure shows you how to run ground connections from the chassis to the
ground bus. Two acceptable grounding methods are shown; we recommend
using a ground bus because it reduces the electrical resistance at the connection.

——
A > - EarthGround
§ ——p 5.2mm? (10 AWG)
-
P, == )/
omm2. 7 |
(14 AWG)
L E =
2mm2.. 7 |
(14 AWG) 3 o Note: Keeﬁ wire Iength.bl
— as short as possible.
== Tt
7 il
§
2mm2 —" ’
(14 AWG) [e@0l0000Qg0] - Preferred Grounding Method
5.2 mm2 (10 AWG)




Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

Install a Central Ground Bus

Each enclosure must contain a central ground bus. The ground bus is the
common connection for each chassis within the enclosure and the

enclosure itself. If you have not already installed a central ground bus, see the
Industrial Automation Wiring and Grounding Guidelines. publication 1770-4.1.

Connect Equipment Grounding Conductor

Important: Use the following information, along with the installation manual
for your programmable controller, to ground the chassis and your I/0 modules.

Note: Keep wire length
as short as possible.

20291 4M or 5M (#10 or #12) star washer

4M or SM (#10 or #12) phillips screw
and star washer (or SEM screw)

el
N

(o
(G
©

chassis mounting tab

rd
ground lug with 5.2 mm2 (10 AWG) wire



Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Connect Equipment Grounding Conductor to Ground Bus

Connect an equipment grounding conductor directly from each chassis t0
an individual bolt on the ground bus.

[%) \<— ground bus

mounting

ground bus
. v ¥
equipment -~
grounding
conductors == ~ tapped
| hole
G A
\}75' Grounding-electrode conductor
_/-( star to grounding-electrode system
bolt washer

13271

= use 2.54 cm (1 in) copper braid or 5.2 mm2 (10 AWG) copper wire to connect each
chassis, the enclosure, and a central ground bus mounted on the back-panel

= yse a steel enclosure to guard against electromagnetic interference (EMI)

= make sure the enclosure door viewing window is a laminated screen or
a conductive optical substrate (to block EMI)

= install a bonding wire for electrical contact between the door and the
enclosure; do not rely on the hinge

Important: Do not lay one ground lug directly on top of the other; this type of connection
can become loose due to compression of the metal lugs. Place the first lug between a
star washer and a nut with a captive star washer. After tightening the nut, place the
second lug between the first nut and a second nut with a captive star washer.

Connect Ground Bus to Grounding-Electrode System

The grounding-electrode system is at earth-ground potential and is the central
ground for all electrical equipment and ac power within any facility. Use a
grounding-electrode conductor to connect the ground bus to the
grounding-electrode system. Use at minimum 8.3 mm? (8 AWG) copper wire
for the grounding-electrode conductor to guard against EMI. The National
Electrical Code specifies safety requirements for the grounding-electrode
conductor.



Installation Instructions
SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

Install the Chassis Interconnect Cable (optional)

To connect up to three chassis together (for a maximum of 30 1/0 slots).
install the chassis interconnect cable before attaching your power supply.

SLC chassis where
processor will be installed

3 L’}‘Q:M
PN
/o g \ £
2 |

“ // f,;'; * ‘
el Janesnae
h iféi‘ﬂwﬂ—"%f‘“ 20292

Install Your /0 Modules and Attach Your Power Supply

Use the installation instructions/user manuals for your modules to install them
into the chassis. Use the installation instructions for your power supply
(1746-P1, -P2, -P3, -P4, or -P5) to attach it to your chassis.

the chassis if you are not connecting chassis together.
* Remove the protective label from the top of the
power supply before applying power.

e ATTENTION: ® Keep the connector plug on the left side-connector of

Important: Series B chassis have a IMQ resistor between logic ground and
chassis ground. When using a 1746-P3 dc power supply, follow the grounding
instructions provided with the power supply to avoid unwanted potentials across
the logic ground of the SLC processor.

L e i |
r_ 2 Internal ’/

J 6 Cz::\l\{E 8? Connection

i v | Controller
CHASSIS GROUND ol o %%i Ground
Chassis Ground
‘ / 1746-P3 i l_@_’ I_@_I SLC Chassis, Series B
~> Ground >




Installation Instructions

SLC 500 Modular Chassis

1746-A4, -A7, -A10, -A13 Series B

Mounting Dimensions

Left-side View (all chassis) 1746-A4
0.1cm ' 0.55 cm Di
(0.04 in) : 1.1 cm Dia. Sl
Sl ' S _70cm ___j— (0.217in)
s v ___(Qf‘?f_'_'_‘)___jﬁ\ (2.76 in) i
T T : ér@ .b. i ey R e ety = ¢ = i = [ Tty 4 i i I
! 1 1 - gty P S 1 i BTt 1 140cm
17.1¢cm 140 ' 158cm .t i = 551
(6.73in) G5t | 620 U ﬁ] @ [m IE N
. , Y | .
1 |
. ' 0 17.1cm
, : - (6.731n)
" II L.l '
, I ol umce ] --n—|| = r:.'Trx:;: _ Y
|
- @
_v_ | 0.55cm Dia. 8— 45cm -, 8
145cm I a7 1.77 in)— =
M 71 . [ 02171n) -~ i
. g~~~ 1.4am
. _ 235cm o (0.551n)
: 26.1 cm (9.25in)
) T (10.28in) .
1746-A7
tiomDa 17.50m o ?55251??“}0'3'
I_-_.._,,___.._(04;%3_:“1.*_\*—\ (6.89in) R §
....... /
9 g' 0 7 p— | = === T = == [—a==]
. ' . D 17.1cm
158cm, . J - (6.73in)
(6.22in) ' U IH] IEI Iﬂl IH] ]:D] U 14.0 cm
o ' (5.51 in)
g }
& S o o |
55 cm Dia. J’—} PR R
; 1.77 in
_(0217in) (3122_068,!,") ( ) l14cm
oU I i
. 340 | {0.55 in)
| weom (1% in) N
(14.41in)

@  Dimensions with
(2]
(3]

Dimensions with

10

1746-P1 power supply.

1746-P4 power supply.

Dimensions with 1746-P2, 1746-P3, or 1746-P5 power supply.



Installation Instructions

SLC 500 AC Power Supply

1746-A4, -A7, -A10,

-A13 Series B

1746-A10
0.55 cm Dia. 14.0cm 5.5¢em
1 ' e 1400om
(‘0 42’;‘3)'3 A ﬁ (0217 in) /.‘:\ (551 in) /‘j“\(z.mn) g ;
T -3 1
f 0| 9| o My O™ - MmTT T mrTars —ToaTa ffrarT ™ et TIr T ™™y r
b ' 140cm
158cm + | | ] - ' 5
e D gl oo o b
i w 7 - ’ 17.1cm
G ] o
0.55 ¢cm Dia. N . 140cem i
(0.217in) (5.51in) i 1 '4 .
2Cm .
s (1713 n) ™1 (055n)
- N 45.5cm R
481cm  (17.810n)
- " (18.94in) =
1746-A13
A 55cm
s _ 0.55¢m Dia. 10.5cm 140em . [217in)
__(0.433in) -:\ \ (0217|n) ﬁ (413in) /"L\ (551 in) /'—'R i
99" 0 [ o e e e — T e e e e e e
: oo 17.1cm
cro DIT SR — (6.73in)
158cm ' !
2 | @@@@@@@@@@@@mm
T g{f o j.f1 in)
e el el el
0.55 cm Diaﬂ_m-o qm& C R I S
(0217in) (5.51in) oo -
L 560cm __ (21.26in) | (055in)
58.6cm (22.05in) =
- (23.07 in)
@  Dimensions with 1746-P1 power supply.
@  Dimensions with 1746-P2, 1746-P3, or 1746-P5 power supply.
©  Dimensions with 1746-P4 power supply.

11



Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Specifications
SLC Chassis, Series B
1746-A4 1746-A7 1746-A10

.d}};éﬁé/bns (with Iabs_):- WxHxD

17.7x171x145cm  282x17.1x145cm 39.7x17.1x14.5cm
(7.1x6.8x5.8in) (11.3x6.8x5.8in) (159 x6.8x5.8in)

aproxfma;!e weight (without modufes)

0.75 kg (1.7 Ibs) 1.1kg (2.4 Ibs) 1.45 kg (3.2 Ibs)
maximum backp/a}-?é_bd};e-/}}.l o -

5.1V dc @ 10A; 5.1Vdc @ 10A; 5.1V dc @ 10A;

24V dc @ 2.88A 24V dc @ 2.88A 24V dc @ 2.88A
e Ry v At i

4 7 10

- of)naz)ht B et R

panel mount panel mount panel mount

c;berat/hg conditions Y S

operating temperature:  0° to 60°C (32° to 140°F)
storage temperature: =400 to 85°C (—40° to 185°F)
relative humidity: 5 to 95% (without condensation)

1746-A13

502x17.1x145¢cm

(20.1x6.8x5.8in)

1.9kg (4.2 Ibs)

5.1V dc @ 10A;
24V dc @ 2.88A

13

panel mount

ceriification

i OPERATING ;
LISTED IND. CONT. EQ. CE compliant for alt
QJ_D FOR HAZ. LOC A16 @' reveeratne (€ applicable directives

CODE T3C
CLASS |, GROUPS A, B, C, AND D, DIV. 2

12
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i Allen-Bradley

SLC 5/03™, 5/04™, and 5/05™
Modular Processors

(Catalog Numbers 1747-L531, 1747-L532, 1747-L541, 1747-L542,
1747-L543, 1747-551, 1747-552, 1747-553)

Installation Instructions

To Use Publication

Install your chassis
Installation du chassis
Installatpn des Chassis ' 1746-5.8
Installazione dello chassis
Instalar el chasis

Instalar o chassi

Install your power supply
Installation de l'alimentation
Installatpn des Net'ztells 1746-5.1
Installazione dell'alimentatore

Instalar la fuente de alimentacion eléctrica
Instalar a fonte de energia

Install your processor
Installation du processeur
Installatpn des Prozessors 1747-5.07
Installazione del processore
Instalar el procesador
Instalar o processador
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2 SLC 5/03™, 5/04™, and 5/05™ Modular Processors

Important User Information

Because of the variety of uses for the products described in this publication,
those responsible for the application and use of this control equipment must
satisfy themselves that all necessary steps have been taken to assure that each
application and use meets all performance and safety requirements, including
any applicable laws, regulations, codes and standards.

The illustrations, charts, sample programs and layout examples shown in this
guide are intended solely for purposes of example. Since there are many
variables and requirements associated with any particular installation,
Allen-Bradley does not assume responsibility or liability (to include
intellectual property liability) for actual use based upon the examples shown in
this publication.

Allen-Bradley publication SGI-1.1, Safety Guidelines for the Application,
Installation, and Maintenance of Solid-State Control (available from your local
Allen-Bradley office), describes some important differences between
solid-state equipment and electromechanical devices that should be taken into
consideration when applying products such as those described in this
publication.

Reproduction of the contents of this copyrighted publication, in whole or in
part, without written permission of Allen-Bradley Company, Inc., is prohibited.

Throughout these installation instructions we use notes to make you aware of
safety considerations:

ATTENTION: Identifies information about practices or circumstances that
can lead to personal injury or death, property damage or economic loss.

Attention statements help you to:

® identify a hazard
® avoid the hazard

® recognize the consequences

Important:  Identifies information that is critical for successful application
and understanding of the product.

Publication 1747-5.27
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% For More Information

As part of our effort to preserve, protect, and improve our environment,
Allen-Bradley is reducing the amount of paper we use. Less paper means
more options for you. In addition to traditional printed publications and
CD-ROM versions, we now offer on-line manuals with the most up-to-date
information you can get. We recommend that you read the related publications
listed below before starting up your control system.

Related Publications

For Refer to this Document Pub. No.
A more detailed description on how to install gb?eslggtxlgggf;:g rdware 1747-6.2
and use your modular SLC 500 system. Operation Manual '
A reference manual that contains status file SLC 500 and
data, instruction set, and troubleshooting MicroLogix 1000 Instruction 1747-6.15
information. Set Reference Manual

A CD-ROM containing both of the manuals
listed above, plus the:

«SLC 500 Analog I/O Modules User Manual

e Discrete 1/0 Modules Installation Instructions
e Discrete 1/0 Modules Product Data

SLC 500 Literature Collection

S ChIon 1747-CD1-1

How to Get More Information

For

Obtain Information By

Fast response to a
specific question

oVisiting the Automation Bookstore at
http://www.theautomationbookstore.com — Electronic versions of our
manuals are available for you to search and down load.

o Calling (440) 646~5436 for the Allen-Bradley Fax Back service. You will
be faxed information on the topic you request.

Publications in

Ordering a manual or CD-ROM using one of the following methods:
oFill out and return the User Manual Request Card that was shipped with

printed or CD-ROM |  the processor.

format e Visiting the Automation Bookstore at
http://www.theautomationbookstore.com

Multiple copies of a | eVisiting the Automation Bookstore at

manual http://www.theautomationbookstore.com

Publication 1747-5.27



4 SLC 5/03™, 5/04™, and 5/05™ Modular Processors

Required Tools and Equipment

® medium blade screwﬂriver

® programming equipment

® a ]747-PIC, 1784-KTX, or 1784-PCMK communication interface
(or standard Ethernet PC board — SLC 5/05 only)

Safety Considerations

ATTENTION: Never install, remove, or wire any module while power is
applied. Also, do not expose processor modules to surfaces or other areas that
may typically hold an electrostatic charge. Electrostatic charges can alter or
destroy memory.

For general recommendations concerning installation safety requirements and
safety related work practices, refer to the requirements specific to your region.

® Europe: Reference the standards found in EN 60204 and your national
regulations.

® United States: refer to NFPA 70E, Electrical Safety Requirements for
Employee Workplaces.

Important:  See page 11 for information on proper battery handli ng, storage,
and transporting.

Publication 1747-5.27
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SLC 5/03™, 5/04™, and 5/05™ Modular Processors

Installation Procedure

Install the Processor

Make sure system power is off; then insert the processor into slot O of the 1746

chassis.

Important:  The SLC 500 modular processors must be inserted into the left
slot (slot 0), as shown below. In addition, remove the protective

wrap after installing the processor.

Power
Supply

Card Guide

Protective Wrap

Apply Power to the Processor

1. Energize the chassis power supply.

-

=3

=

-

=
—

\

Processor

Release

2. Check the chassis power supply and processor LEDs. The power LED on
the power supply should be on and the fault LED on the processor should
be flashing. See the figure on page 6 for location of the power supply and

processor LEDs.

Publication 1747-5.27

e




s mse

6 SLC 5/03™, 5/04™, and 5/05™ Modular Processors

Power supply and LED Indicators

Indicates the LED is OFF.

-POWERI RUN (] [] FORCE - . )
FUT [Z1 © ] DHass B  ndicates the LED is ON.
BATT [ [ I Rs2a2 [] Indicates the LED is FLASHING.
'~ Status of LED does not matter.
SLC 5/03
\/\' M
EEPrPOWER| RUN[J [J FORCE EEPOWER| RUN[] [} FORCE
FLT (] O C DH+ FUT L] I C ENET
BATT (] [ I Rs232 BATT [] [ C Rs232
SLC 5/04 SLC 5/05

Load Your Software

Refer to your programming software documentation.

Establish Communication to the Processor

1. Refer to the following table to establish communication between the
processor and your personal computer.

Processor | Procedure

Connect 1747-PIC from the processor to your personal computer or a
SLC 5/03 1747-CP3 cable from channel 0 of the processor to the personal computer
serial port.

Connect a 1747-CP3 cable from channel 0 of the processor to the personal
SLC 5/04 computer serial port or use a 1784-KT, 1784-KTX, 1784-KT2, or 1784-PCMK
card.

Connect a 1747-CP3 cable from channel 0 of the processor to the personal
computer serial port or use a 1784-KT, 1784-KTX, 1784-KT2, or -PCMK card.
For Ethernet connection, connect channel 1 of the processor and the PC
Ethemet Card (or 1784-PCMK) to an Ethernet hub using 10Base-T cable.

SLC 5/05

Publication 1747-5.27



SLC 5/03™, 5/04™, and 5/05™ Modular Processors 7

2. Set the communication parameters of the software to match the default
parameters of the processor:

Channel 0 Configuration Channel 1 Configuration
SLC 5/03, 5/04, 5/05 SLC 5/03 SLC 5/04 SLC 5/05
DF1 Full-Duplex: DH-485: DH+™: Ethernet

no handshaking 19.2K baud 57.6K baud
1200 baud (SLC 5/05 - 19.2K) node address =1 | node address = 1
CRC Error Check

duplicate detect on

no parity

Replacing the Battery

Your SLC processor provides back-up power for RAM through a replaceable
lithium battery. This battery provides back-up for approximately 2 years. The
BATT LED on the front of the processor alerts you when the battery voltage
has fallen below a threshold level.

To replace the lithium battery follow these steps:

ATTENTION: Do not remove the processor from the SLC 500 chassis until
all power is removed from the SLC 500 power supply.

[y
L]

Remove power from the SL.C 500 power supply.

Remove the processor from the chassis by pressing the retainer clips at both
the top and bottom of the module and slide it out.

g

ATTENTION: Do not expose the processor to surfaces or other areas that
may typically hold an electrostatic charge. Electrostatic charges can alter or destroy
memory.

3. Unplug the battery connector. Refer to the figure on page 8 for battery
connector location.

Publication 1747-5.27



8 SLC 5/03™, 5/04™, and 5/05™ Modular Processors

[ i
[ 1
Battery -
Connector
Ees
\ b

Left Side View

Important:  The SLC 5/03, 5/04, and 5/05 processors have a capacitor that
provides at least 30 minutes of battery back-up while the battery
is disconnected. Data in RAM is not lost if the battery is
replaced within 30 minutes.

Remove the battery from the retaining clips.

&

Insert a new battery into the battery retaining clips.
Plug the battery connector into the socket as shown above.
Re-insert the module into the SLC 500 chassis.

.Restore power to the SLC 500 power supply.

© ® 2 s w»

Close the processor door.

Important:  See page 11 for information on proper battery handling, storage,
and transporting.

Publication 1747-5.27



SLC 5/03™, 5/04™, and 5/05™ Modular Processors 9

Troubleshooting

Before troubleshooting your SLC 500 system, please obtain an SLC 500
Modular Hardware Style Installation and Operation Manual (1747-6.2) from
one of the sources listed on page 3. Refer to the chapter on Troubleshooting.

In addition to the SLC 500 Modular Hardware Style Installation and Operation
Manual, the SLC 500 and MicroLogix 1000 Instruction Set Reference Manual
(1747-6.15) may also be obtained from the sources listed on page 3. This
manual contains explanations and examples for the entire instruction set as
well as for all status words and bits. It also contains explanations for all
possible fault codes found in status word S:6.

Specifications

Operating Specifications

Snecifieafionsfor 747 SLC 5/03 SLC 5/04 SLC 5/05

pecification for 13/~ ™" 631 [ 1532 | L541 | L542 | L543 | L551 | L5652 | L553
Memory (words) 8K 16K | 16K | 32K | 64K | 16K | 32K | 64K
Maximum |/O Capacity 4096 discrete inputs / 4096 discrete outputs
Max. Local System 3 chassis / 30 slots
Programming

: 99
instructions
Typical Scan Time® 1 ms/K 0.9 ms/K
Bit Execution (XIC) 0.44 ps 0.37 us
. SLC 5/03s and SLC 5/04s: RSLogix 500™ , PLC-500 A.l. Series ™

Programming Software | o) o g/05s: RSLogix 500™

@

The scan times are typical for a 1K ladder logic program consisting of simple ladder logic and
communication servicing. Actual scan times depend on your program size, instructions used, and the
communication protocol.

Publication 1747-5.27
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10 SLC 5/03™, 5/04™, and 5/05™ Modular Processors

Communication

Communication optioﬁs for the SLC 5/03, 5/04, and 5/05 processors are as

follows:
® DH-485

® RS-232 protocols (DF1 Full-Duplex, DF1 Half-Duplex “master/slave”,

DH-485, or ASCII)

® Data Highway Plus™ (A 1785-KAS5 is required for the SLC 5/03 and

SLC 5/05 processors.)

® Ethernet TCP/IP (SLC 5/05 only)

General Specifications

Description

Specification

Power Supply Loading at 5V dc

500 mA for the SLC 5/03 processor

1.0 A for the SLC 5/04 and 5/05 processors

Power Supply Loading at 24V dc

175 mA for the SLC 5/03 processor

200 mA for the SLC 5/04 and 5/05 processors

Program Scan Hold-up Time
after Loss of Power

20 ms to 3 s (dependent on power supply loading)

Noise Immunity NEMA Standard ICS 2-230
Displacement: 0.015 inch, peak-to-peak at 5-57 Hz
Vibration
: Acceleration: 2.5Gs at 57-2000 Hz
Shock (operating) 30Gs

Ambient Temperature Rating

Operating: 0 to +60°C (+32°F to +140°F)
Storage: -40°C to +85°C (—40°F to +185°F)

Humidity 5 to 95% without condensation
UL listed
Agency Certification CSA approved

Class 1, Groups A, B, C or D, Division 2
CE compliant for all applicable directives

Publication 1747-5.27



SLC 5/03™, 5/04™, and 5/05™ Modular Processors 11

Memory Back Up

The following table shows the memory back up options for the SLC 5/03, 5/04,
and 5/05 processors. Flash EPROMs (Flash Erasable Programmable Read
Only Memory) combine the versatility of EEPROMs (Electrically-Erasable
Programmable Read Only Memory) with the security of UVPROMs
(UV-Erasable PROM).

Memory Back SLC 5/03 SLC 5/04 SLC 5/05
UpOption | (1747-L531,-L532) | (1747-L541,-542,-543) | (1747-L551, -552, -553)
1747-M11 1747-M11 1747-M11
Flash EPROM | 1747, M12 (0S302 only) | 1747-M12 (05401 only) | 1747-M12

Battery Handling, Storing, and Transporting (Cat. No. 1747-BA)

Handling

ATTENTION: Do not charge the batteries. An explosion could result or the
cells could overheat causing burns.

Do not open, puncture, crush, or otherwise mutilate the batteries. An explosion may
result and/or toxic, corrosive, and flammable liquids would be exposed.

Do not incinerate or expose the batteries to high temperatures. An explosion could result.
Do not short positive and negative terminals. Excessive heat can build up causing severe burns.

Storing

Store the lithium batteries in a cool, dry environment, typically +20°C to
+25°C (+68°F to +77°F) and 40% to 60% relative humidity.

Transporting

One or Two Batteries — Up to two batteries can be shipped together within
the United States without restriction. Regulations governing shipment to or
within other countries may differ.

Three or More Batteries — Procedures for the transportation of three or more
batteries shipped together within the United States are specified by the
Department of Transportation (DOT) in the Code of Federal Regulations,
CFR49, “Transportation.” An exemption to these regulations, DOT - E7052,
covers the transport of certain hazardous materials classified as flammable
solids. This exemption authorizes transport of lithium batteries by motor

Publication 1747-5.27



12 SLC 5/03™, 5/04™, and 5/05™ Modular Processors

vehicle, rail freight, cargo vessel, and cargo-only aircraft, providing certain
conditions are met. Transport by passenger aircraft is not permitted.

Shipment of depleted batteries for disposal may be subject to specific
regulation of the countries involved or to regulations endorsed by those
countries, such as the IATA Restricted Articles Regulations of the International
Air Transport Association, Geneva, Switzerland.

Important: Regulations for transportation of lithium batteries are
periodically revised.

ATTENTION: Do not incinerate or dispose of lithium batteries in general
trash collection. Explosion or violent rupture is possible. Batteries should be
collected for disposal in a manner to prevent against short circuiting, compacting, or
destruction of case integrity and hermetic seal.

For disposal, batteries must be packaged and shipped in accordance with
transportation regulations, to a proper disposal site. The U.S. Department of
Transportation authorizes shipment of “Lithium batteries for disposal” by
motor vehicle only in regulation 173.1015 of CFR 49 (effective January 5,
1983). For additional information contact:

U.S. Department of Transportation

Research and Special Programs Administration
400 Seventh Street, S.W.

Washington, D.C. 20590

Although the Environmental Protection Agency at this time has no regulations
specific to lithium batteries, the material contained may be considered toxic,
reactive, or corrosive. The person disposing of the material is responsible for
any hazard created in doing so. State and local regulations may exist regarding
the disposal of these materials.

For a lithium battery material safety data sheet, contact the manufacturer:

Sanyo Energy Corporation
600 Supreme Drive
Bensenville, IL 60106

Publication 1747-5.27



SLC 500. SLC 5/03. SLC 5/04. SLC 503 and Data Highway Plus are trademarks of Rockwell Autamation.
RSLogix 500 and PLC-500 A.L Series are trademarks of Rockwell Sofiware. Inc.
Ethernet is a registered trademark of Digital Equipment Corporation, Inel. and Xerox Corporation.

’N Roclawell Avtomation
Allen-Bradley

Worldwide representation.

Argentina e Australia ® Austria » Bahrain e Belgium e Brazil » Bulgaria e Canada  Chile e China, PRC »
Colombia e Costa Rica e Croatia  Cyprus » Czech Republic » Denmark s Ecuador e Egypt « El Salvador e
Finland » France  Germany e Greece e Guatemala » Honduras  Hong Kong e Hungary e iceland e India
e Indonesia e ireland e Israel o Italy e Jamaica e Japan e Jordan e Korea e Kuwait e Lebanon e Malaysia e
Mexica » Netherlands e New Zealand » Norway e Pakistan e Peru e Philippines  Poland e Portugal
Puerlo Rico » Qatar  Romania ¢ Rus;ia-CIS e Saudi Arabia e Singapore e Slovakia e Slovenia  South
Africa, Republic » Spain  Sweden e Switzerland e Taiwan e Thailand  Turkey e United Arab Emirates ¢
United Kingdom e United States  Uruguay  Venezuela o Yugoslavia

Allen-Bradley Headquarters, 1201 South Second Street, Milwaukee, Wi 53204 USA
Tel: (1) 414 382-2000 Fax: (1) 414 382-4444

Publication 1747-5.27 — March 1998 PN 40072-039-01 (C)
Supersedes Publication 1747-5.27 - October 1997 Copyright 1998 Rockwell International Corporation. All rights reserved. Printed in USA.






m A IOCKWEN Automation

A Allen-Bradley

SLC 500™ Power Supplies

(Catalog Numbers 1746-P1, 1746-P2, 1746-P3, 1746-P4,
1746-P5 and 1746-P6)

Installation Instructiops

91-011-3

Inside ...
English Section



Important User Information

Because of the variety of uses for the products described in this publication, those
responsible for the application and use of this control equipment must satisfy
themselves that all necessary steps have been taken to assure that each application
and use meets all performance and safety requirements, including any applicable
laws, regulations, codes and standards.

The illustrations, charts, sample programs and layout examples shown in this
guide are intended solely for purposes of example. Since there are many variables
and requirements associated with any particular installation, Allen-Bradley does
not assume responsibility or liability (to include intellectual property liability) for
actual use based upon the examples shown in this publication.

Allen-Bradley publication SGI-1.1, Safety Guidelines for the Application,
Installation, and Maintenance of Solid-State Control (available from your local
Allen-Bradley office), describes some important differences between solid-state
equipment and electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this putﬁicaﬁon, in whole or in part, without
written permission of the Allen-Bradley Company is prohibited.

Throughout these installation instructions we use notes to make you aware of
safety considerations:

ATTENTION: Identifies information about practices or
circumstances that can lead to personal injury or death, property
damage, or economic loss.

Attention statements help you to:
m identify a hazard
@ avoid the hazard
a recognize the consequences

Important:  Identifies information that is critical for successful application and
understanding of the product.
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Installation Instructions

Overview

Install your power supply using these installation instructions. The only tools you
require are a Flat head (1/8”) and a Phillips head (1/4”, #2) screwdriver.

semiconductors if you touch backplane connector pins. Follow these

c ATTENTION: Electrostatic discharge can damage integrated circuits or
guidelines when you handle the power supplies.

» Touch a grounded object to discharge static potential.

= Do not touch the backplane connector or connector pins.

» Do not touch circuit components inside the power supply.

a If available, use a static-safe work station.

s When not in use, keep the power supplies in their static-shield
packaging.

Safety Considerations

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

ATTENTION - Explosion Hazard:
w Substitution of components may impair suitability for Class I, Division 2.

u Do not replace components or disconnect equipment unless power has
been switched off and the area is known to be non-hazardous.

u Do not connect or disconnect connectors while circuit is live unless
area is known to be non-hazardous.




Instaliation Instructions

SLC 500 Power Supplies

Install the Chassis Interconnect Cable (Optional)

To connect up to three SLC 500™ chassis together, install the chassis interconnect
cable before installing the 1746-P1, -P2, -P3, -P4, -P5 and -P6 power supplies.

For more information, see the
SLC 500 Modular Style
Installation and Operation Manual
(publication 1747-6.2).

Power Supply Installation

1.  Align the circuit board of the power supply with the card guides on the left
side of the chassis.

20152

2. Slide the power supply in until it is flush with the chassis. Then fasten the
power supply to the chassis.

20152

Use these screws to fasten the
power supply to the chassis.
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SLC 500 Power Supplies

Power Supply Wiring

1.  Place the input voltage jumper to match the input voltage. (This does not
apply to the 1746-P3, -P5 and -P6 power supplies which do not have a
jumper.)

ATTENTION: Set the input jumper before applying power.
Hazardous voltage is present on exposed pins when power is applied;
contact with the pin may cause injury to personnel.

Catalog Number Catalog Number
1746P1 & P2 1748-P4

3 POWER 3 POWER

H
F—— 5

=

1001120 Volts

2007240 Vols

j

2. Connect the ground screw of the power supply to the nearest ground or
ground bus. Use a #14 AWG wire and keep the leads as short as possible.
The 1746-P4 is shown below. Refer to page 6 for special wiring
considerations for the 1746-P3.

.T Nearest Ground Bus
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SLC 500 Power Suppiies

3. Connect incoming power.

ATTENTION: Tum off incoming power before connecting wires;
failure to do so could cause injury to personnel and/or equipment.

Catalog Number 1746-P1 3 P2 Catalog Number 1746-P3
® ®
® ®
@) 12080V ac @) +2avee
m T .
Power @| vacneur e @) ocneut
@) crassisarouND @ @] crassiscrouno @
Catalog Number 1746-P4 Catalog Number 1746-P5
® ®
® ®
P
Jumper @] navee
Seleclion @®)| es-132vac |PI ocwn'e,"i 9 ®| ocnew
D_@_ ek @] crassisarouno ©
@] 170265 ac
. Catalog Number 1746-P6
@] L1—es-1321170-265 ®
P4 =
Incoming @
Ees @] L2—NEUTRAL @®| rove
Incoming
P DG NEUT
®| cuassiscrouno © o ®
@] crssiscroune D

ATTENTION: Your SLC 500 power supply can be damaged by
voltage surges when switching inductive loads such as motors, motor
starters, solenoids, and relays. To avoid damage to your SLC 500 power
supply in these applications, it is strongly recommended that an isolation
transformer be used to isolate the power supply from harmful voltage
surges.
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(Optional) For the 1746-P1, -P2,-P4, -P5 and -P6 power supplies, use PWR
OUT +24V dc and PWR OUT COM terminals to power 24V dc sensors and
loads. The terminals on the 1746-P1 and 1746-P2 provide an isolated,
nonfused 200 mA, 24V dc power supply. The terminals on the 1746-P4
provide an isolated, nonfused 1A, 24V dc power supply. (The 1746-P3
power supply does not provide for an external power source.)

Calalog Number Catalog Number
1746-P1, P2, P5 & PG 1746-P4
@ PWR OUT +24V dc PWR OUT +24V d¢
User Power User Power
< @ PWR OUT COM < PWR QUT COMMON

e ® @ | elele] o

SLC 500 Operation with 24V de¢ User Power Overcurrent Condition

Catalog No. SLC Operation Recovery Procedure
1746-P1 Series A P/S shutdown, CPU Fault Reload user program
1746-P2 Series A,B | P/S shutdown, CPU Fault Reload user program
1746-P2 Series C 24V dc user shutdown, CPU continues Correct overcurrent condition
1746-P4 Series A P/S shutdown, CPU Fault Reload user program
1746-P5 Series A 24V dc user shuldown, CPU continues Correct overcurrent condition
1746-P6 Series A 24V dc user shutdown, CPU continues Correct overcurrent condition

ATTENTION: For 1746-P2 Series C, 1746-P5 Series A and 1746-P6
Series A to avoid unexpected operation due to 24V dc user power
shutdown, monitor the 24V dc user output with a 24V dc input channel.
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ATTENTION: Any voltage applied to the 1746-P3 DC NEUT terminal
will be present at the SLC logic ground and the processor DH-485 port.
To prevent unwanted potentials across the logic ground of the controller
and/or damage to the SLC chassis, the DC NEUTRAL of the external
DC power source must be either isolated from the SLC chassis ground,
or connected to earth ground.

! I [6\ SLC 500 Chassis [@
=

1 1
T WD T
Not Used® wp:ﬂasr

bl SLC Logk Grond
e @ < ® i
DC Neut oL DG I P PP wwd . -
Chassis Chassis
Ajumper wire Is recommanded Ei
between the DC NEUT and
EathGround” —— Chassis Ground of he extemal “——" Eprth Grownd ——
—  powsrsoure. - —

Important: SLC 500 Series A chassis (1746-A4, -A7, -A10, and -A13)
manufactured before November 1992 have a resistor between the logic ground and
chassis ground. This resistor could be damaged if the wiring recommendation
described within the attention box above is not followed. See the figure below for
the location of the resistor. SLC 500 Series A chassis (1746-A4, -A7, -A10, and
-A13) with a manufacture date of November 1992 or later do not have this
resistor. SLC 500 Series B chassis have a 1MSQ resistor that limits the current
between logic ground and chassis ground.

1
. *| ¥| o8|@esE|ge@®| BO |2ERB| B8
Not Used® | Ohaes
Pott
Natsed® g S1.C Logic Ground|
+2vde ® Resisior
mm@.-)-.-- ------ B R
Chasss @ - - | _-%‘,{_QLBEE_GJMF_-____
Ground T
— EvhGond —
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5. Remove the protective label.

Physical Dimensions

\nstallation {nstructions
SLC 500 Power Supplies

20152

Controller; 1746- Length: Depth: Helght:
mm (in.) mm (in.) mm (in.)

P1 65 (2.56) 140 (5.51) | 140 (5.51)

P2 85 (3.35)

P3

P4 110 (4.33) | 145(5.70)

P5 85 (3.35) 140 (5.51)

P6




General Specifications

Description: Speciﬂc_atlon: 1746-

P1 P2 P3 . | P4 P5 P6
Line Vollage | 85-132 85-132/ 19.2-28.8V dc | 85-132/ 90-146V dc | 30~60V oc

170-265V ac | 170-265V ac 170-265V ac

47-63 Hy 47-63 Hz 47-63 Hz |
Typicalline | 135VA 180 VA 90 VA 240 VA 85VA 100 VA
Power
Requirement
Maximum 20A 20A 20A 45A 20A 20A
Inrush Current .
Interal 2AatSVde |S5Aat5Vdc |36AatsVde | 10.0Aat SAatsVde |5Aat5vde
Current 0.46A at 0.96A at 0.87A at SVde 0.96A at 0.96A at
Capacity 24Vdc - 24V de 24V de 288A at 24V dc 24Vdc

. 24V oc®
Fuse 1746-Ftor | 1746-F20r | 1746-F3or Fuse is soldered in place.
Protection® | equivalent® | equivalent® equivalent® _
24VdcUser | 200mA 200 mA Not Applicable | 1D 200 mA 200mA
Power Current
Capacity
24V dc User 16-30Vdc | 18-30Vdc | NotApplicable | 20.4-27.6V dc | 18-30Vde | 18-30V dc
Power Voltage
Range
Ambient 0°C to 60°C (32°F 10 140°F)® 0°Ct060°C | 0°Cto 0°Cto
Operating (32°F to 60°C (32°F | 60°C (32°F
Temperature 140°F) 10 140°F)® | 10 140°F)®
no derating

Centification UL listed

C-UL or CSA certified (as indicated by product or packaging markings)

CE compliant for all applicable directives
Hazardous Class |
Environment Division 2
Certification

@ The combination of all output power (5 vot backplane, 24 volt backplane, and 24 volt user
source) cannot exceed 70 Watls.

Power supply fuse is intended to quard against fire hazard due to short circuit conditions. This
fuse may not protect the supply from miswiring or excessive transient in the power line.

Equivalent fuses: 250V-3A Fuse, Nagasawa ULCS-61ML-3. or BUSSMAN AGC 3
® Equivalent fuses: 250V-3A Fuse, SANO SOC SD4, or BUSSMAN AGC 3
® Equivalent fuses: 125V-5A Fuse, Nagasawa ULCS—éiML—S. or BUSSMAN AGC 5
© Current capacity derated 5% above 55°C
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Important User Information

Because of the variety of uses for the products described in this publication.
those responsible for the application and use of this control equipment must
satisfy themselves that all necessary steps have been taken to assure that each
application and use meets all performance and safety requirements. including
any applicable laws, regulations, codes and standards.

The illustrations, charts, sample programs and layout examples shown in this
guide are intended solely for purposes of example. Since there are many
variables and requirements associated with any particular installation,
Allen-Bradley does not assume responsibility or liability (to include intellectual
property liability) for actual use based upon the examples shown in this
publication.

Allen-Bradley publication SGI-1.1, Safery Guidelines for the Application.
Installation, and Maintenance of Solid-State Control (available from your local
Allen-Bradley office), describes some important differences between solid-state
equipment and electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this publication, in whole or in part, without
written permission of the Allen-Bradley Company is prohibited.

Throughout these installation instructions we use notes to make you aware of
safety considerations:

ATTENTION: Identifies information about practices or circumstances
that can lead to personal injury or death, property damage, or economic loss.

Attention statements help you to:

* identify a hazard

® avoid the hazard
" recognize the consequences

Important:  Identifies information that is critical for successful application and
understanding of the product.



@ Supplemental Product Information

CSA certifies pfbducts for general u-éé--as"@ell és 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.

Example of the CSA certification product label CLiDN 2
GF ABCO

@®-

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 non-hazardous
locations only.

e The products having the appropriate CSA markings (that is, Class | 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.

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.

Temperature code rating CL1DV 2

® GP 1%.&9.0
~e— Look for temperature code

rating here

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

ATTENTION: Explosion hazard —
« Substitution of components may impair suitability for Class 1, Division 2.

« Do not replace components unless power has been switched off or the
area is known to be non-hazardous.

o Do not disconnect equipment unless power has been switched off or the area is
known to be non-hazardous.

o Do not disconnect connectors unless power has been switched off or the area is
known to be non-hazardous. 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
Newton (3.4 Ib.) separating force applied for a minimum of one minute.

PLC is a registered trademark of Allen-Bradley Company, Inc.
CSA logo is a registered trademark of the Canadian Standards Association.

Publication AG-4.1 - January 1993 PN 955800-14



@ , ’N Rockawell Avtomation
i g Allen-Bradley

SLC 500 Modular Chassis
(Cat. No. 1746-A4, -A7. -A10, and -A13 Series B)

Installation Instructions

What'’s in this Publication
Use this publication as a guide when installing a SLC 500 ™

modular chassis (1746-A4, -A7. -A 10, or -A13 series B).

Installation

To: See page:
§ prepare for installation

‘ allow sufficient mounting space

§ ground your chassis

2
3
,' install your chassis 4
6
,. instalf the chassis interconnect cable (optional) 9

9

. install your 1/0 modules and attach your power supply

Reference

For this information: See page:
=P mounting dimensions 10
m)p specifications 12

For additional installation information, see the SLC 500 Modular Style
Installation and Operation Manual, publication 1747-6.2.
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Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Prepare for Installation

Make sure you have these items.

M4 or M5 (#10 or #12) Hardware

= phillips screw and star washer (or SEM screw — phillips screw with attached
star washer) for chassis mounting tabs

This chassis: Has:

1746-A4 4 mounting tabs
1746-A7 4 mounting tabs
1746-A10 6 mounting tabs )
1746:A13 8 mounting tabs

= phillips screwdriver

® drill

Documentation
For your:

= processor or I/0 adapter module

= power supply
= communication modules and/or I/O modules



Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B
Aliow Sufficient Mounting Space

Important: Make sure you meet these minimum spacing requirements.
Up to three SLC chassis can be connected (for a maximum of 30 I/O slots).

Enclosure
>15.3cm
(6.0in)
g Eﬁiﬁﬁ-
>10.2¢cm
(4.0in)

= d )__\
) 1746-C9

15.3t020cm /
(6.0108.0in)

O (O @ o\ [0\
(: S | = | T A | 8 [ §

1746-C7 >10.2 cm
AN (4.0in)

e

—

>15.3¢cm
(6.0in) 7.7t010.2cm

(3.0to 4.0 in)

20230

Important: When vertically connecting two 1746-A 13 chassis with a
1746-C9 cable, the space cannot be greater than 15.3 cm (6.0 in) for the cable
to reach from chassis to chassis.

For dimensions of: See page:
left side of all chassis 10
1746-A4, -A7 10
1746-A10, -A13 "




Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Install Your Chassis

n ATTENTION: Be careful of metal chips when drilling
mounting holes for the SLC chassis. Do not drill holes

above an SLC chassis if a processor and I/O modules are
installed. "

Drill holes in the back panel of the enclosure for chassis mounting tabs.

! 20088

Install the hardware for the top mounting tabs.

M4 or M5 (#10 or #12) phillips screw and
.~ star washer (or SEM screw)
®
S

o

20288

Note: Scrape paint off the back panel for an electrical
connection between the chassis and back panel.



Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

ATTENTION: If the chassis mounting tabs do not lay flat
before the screws are tightened, use additional washers as
shims so that the chassis will not be warped by tightening the

screws. Warping a chassis could damage the backplane and
cause poor connections.

Slide the chassis over the installed hardware and tighten the screws.

20289

Leaving far-left and far-right tabs open for grounding, install the
remaining tab hardware (for a four-slot chassis, leave both tabs open).

e e =

20290




Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Ground Your Chassis

To properly ground your /O chassus See page:
venfy groundmg conflguratlen 3

install a central ground bus
connect equupment groundlng conductor
connect eqmpment groundmg conductor to ground bus

connect ground bus to groundlng electrode system

0, ® N~

Verify Grounding Configuration

This figure shows you how to run ground connections from the chassis to the
ground bus. Two acceptable grounding methods are shown; we recommend
using a ground bus because it reduces the electrical resistance at the connection.

] o e
[';_?_ "J'* ~+r - EarthGround

5.2 mm?2 (10 AWG)

2mm2. -7 |
(14 AWG)

Note: Keep wire length
as short as possible.

2mm2 —7
(14AWC_§) |oevojooo0Qqa]

5.2 mm2 (10 AWG)

-~ Preferred Grounding Method




Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

Install a Central Ground Bus

Each enclosure must contain a central ground bus. The ground bus is the
common connection for each chassis within the enclosure and the

enclosure itself. If you have not already installed a central ground bus, see the
Industrial Automation Wiring and Grounding Guidelines. publication 1770-4.1.

Connect Equipment Grounding Conductor

Important: Use the following information, along with the installation manual
for your programmable controller, to ground the chassis and your [/O modules.

.r‘rl as short as possible.

t I ETRTRD
%‘; s
) © T )

: - ' @ Fi- m Xl Note: Keep wire length
(&) "
J

N
|

L=
®,

T

20291 N 4M or 5M (#10 or #12) star washer

e
\\
e S
TS

" A s’

/‘)‘LM 4M or 5M (#10 or #12) phillips screw

/" — and star washer (or SEM screw)

- o
chassis mounting tab @

Z

ground lug with 5.2 mm2 (10 AWG) wire



Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Connect Equipment Grounding Conductor to Ground Bus

Connect an equipment grounding conductor directly from each chassis to
an individual bolt on the ground bus.

ground bus
mounting

equipment red

grounding
conductors T K tapped
{ TR hole
G
; Grounding-electrode conductor
' /" star to grounding-electrode system
bolt washer

13271

= yse 2.54 cm (1 in) copper braid or 5.2 mm2 (10 AWG) copper wire to connect each
chassis, the enclosure, and a central ground bus mounted on the back-panel

= use a steel enclosure to guard against electromagnetic interference (EMI)

= make sure the enclosure door viewing window is a laminated screen or
a conductive optical substrate (to block EMI)

= install a bonding wire for electrical contact between the door and the
enclosure; do not rely on the hinge

Important: Do not lay one ground lug directly on top of the other; this type of connection
can become loose due to compression of the metal lugs. Place the first lug between a
star washer and a nut with a captive star washer. After tightening the nut, place the
second lug between the first nut and a second nut with a captive star washer.

Connect Ground Bus to Grounding-Electrode System

The grounding-electrode system is at earth-ground potential and is the central
ground for all electrical equipment and ac power within any facility. Use a
grounding-electrode conductor to connect the ground bus to the
grounding-electrode system. Use at minimum 8.3 mm? (8 AWG) copper wire
for the grounding-electrode conductor to guard against EMI. The National
Electrical Code specifies safety requirements for the grounding-electrode

conductor.



Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

Install the Chassis Interconnect Cable (optional)

To connect up to three chassis together (for a maximum of 30 I/0 slots).
install the chassis interconnect cable before attaching your power supply.

SLC chassis where .
processor will be instafied P S

Install Your I/0 Modules and Attach Your Power Supply

Use the installation instructions/user manuals for your modules to install them
into the chassis. Use the installation instructions for your power supply
(1746-P1, -P2, -P3, -P4, or -P5) to attach it to your chassis.

the chassis if you are not connecting chassis together.
®* Remove the protective label from the top of the
power supply betfore applying power.

c ATTENTION: ®* Keep the connector plug on the left side-connector of

Important: Series B chassis have a IMQ resistor between logic ground and
chassis ground. When using a 1746-P3 dc power supply, follow the grounding
instructions provided with the power supply to avoid unwanted potentials across
the logic ground of the SLC processor.

- Tl [ i S
r [ 5 internal [/
5 gmg(r: Connection
L ! | et Controller
CHASSIS GROUND N Logic Ground
Chassis Ground
4/ 1746-P3 o |§9_' ’_@_, SLC Chassis, Series B
-7z @Ground ~—7»




Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Mounting Dimensions

Left-side View (all chassis) 1746-A4

0.1cm 055 omDi
(0.04 in) ’ 1.1 cm Dia. cm Dia.
>l : 0433in) — e 700M ‘° A
e o (axi) ,}j s L
A : é,l-g ,o e e === T — = T
) iy @ : 140cm
17.1em 140em | 158em ot EI (551in)
(673 |n) (5_51 in) : (622 |n) ' : : - @ @] @
' o, o 17.1cm
: ' 3 | F
" ] ! '_I e § e | P e f o ISR s o US| e
b ™ & gk e |
- 45¢cm J
145cm _ : 0.55 cm Dia. (.77 in _._I% -
T ‘ (0217 in) 215cm
(8.46inj —*={1.4cm
23.5cm _ |(0.551in)
, 26.1 ¢m (9-2510)
. = (10.281n) =
1746-A7
p 0.55 cm Dia.
1.1 cm Dia. 17.5cm
R LT
0 9. o L=—p = =T =T g = = —T
\ 17.1¢cm
158cm ., . - (6.73in)
(622in)+ , [I [H] IHI IE' @ @I H 14.0cm
. \ (5.51 in)

IR EI]:I;

rars o ¥ e e T e e S e ¥ o |

55 cm Dia. _;’!I 4.3iem _L?I o)
(0217 in) 0em _ 77 Ly e
I LD |55
oy (133900 R
(14.41 in) i

©  Dimensions with 1746-P1 power supply.
®  Dimensions with 1746-P2, 1746-P3, or 1746-P5 power supply.
©  Dimensions with 1746-P4 power supply.

10
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Installation Instructions

SLC 500 AC Power Supply
1746-A4, -A7, -A10, -A13 Series B

1746-A10
. 0.55 cm Dia. e Y40cm __. 55cm _
m_ngugr;,g)'a_\ﬁ’\_ (0217 in) /%:\ (5.51 in) /_5(2.17111)" ‘
-9:9:-6' -‘ar—1-"'1-111r- m-r—_r-'r.ﬂ;“- Ty T T T CTOTYTT Ty T e s T
58cm | ] ) 14.0cm
S IR NN AR |
Lo | 17.4¢cm
: 5 (6.73in)
S - O
0.5 cm Dia. _14.0cm __@ R
(0.217in) (5.51in) B 1 |4 o
.0 Cm .
o 17.13in ™ (055in)
L 45.5cm ( ) B
481cm  (17.910n)
P — (18.941in) >
1746-A13
1.1 ¢m Di 55cm
Lo . 0.55 cm Dia. 105em . o 140cem __ ., f217in)
J (0433 n) \Tﬁ (0.217 in) /ﬁ (4.13in) /’{_'\‘ (5.51n) /:.Ii .
gé o e e e e e v—T
‘o 17.1cm
y o ' W —1 (673 In)
158cm' ' ! -
6220 | @@@Lﬂ]@@@@@@@mm
iU } I (5.511n)
[ [} P i
WL Hlﬁhﬁﬂﬁ“”‘””nﬁ "'";"‘“““:‘”“;’””"
055 cm Diaﬂfm-o c.mAQ o L —
(0.217 in) (5.51in) 54.0cm A aem
560cm __ (21.261n) | (055in)
58.6.cm (22.05in) o
- (23.07 in)

@  Dimensions with 1746-P1 power supply.
®  Dimensions with 1746-P2, 1746-P3, or 1746-P5 power supply.
©  Dimensions with 1746-P4 power supply.

1"



Installation Instructions

SLC 500 Modular Chassis
1746-A4, -A7, -A10, -A13 Series B

Specifications
SLC Chassis, Series B

1746-A4 1746-A7 1746-A10
dimensions (with Iabs/— WxHxD

177x171x145cm  282x17.1x145cm  39.7x17.1x145¢cm
(7.1x6.8x5.8in) (11.3x6.8x5.8in) (15.9x6.8x5.8in)

approximate weight (without mbdufes)-

1746-A13

(20.1x 6.8 x 5.8 n)

50.2x17.1x145¢cm

0.75 kg (1.7 Ibs) 1.1kg (2.4 Ibs) 1.45kg (3.2 Ibs) 1.9kg (4.2 Ibs)

maximum backplane current o -
5.1V dc @ 10A; 5.1V dc @ 10A; 5.1V dc @ 10A; 5.1V dc @ 10A;

24Vdc @ 2.88A 24V dc @ 2.88A 24V dc @ 2.88A 24V dc @ 2.88A
e B e T - - IV
4 7 10 13

a/peo'f‘moz'/_/}‘r LSt T T

panel mount panel mount panel mount panel mount
“operatingconditions L ' -

operating temperature:  0° to 60°C (32° to 140°F)
storage temperature: ~40° to 85°C (—40° to 185°F)
relative humidity: 5 to 95% (without condensation)

ceriification

iv OPERATING ,
LISTED IND. CONT. EQ. CE compliant for alt
G_{D FOR HAZ LOC A196 (Sp:’ rewperatre (€ applicable directives

CODET3C
CLASS I, GROUPS A, B, C, AND D, DIV. 2

12
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Important User
Information

Because of the variety of uses for the products described in this
publication, those responsible for the application and use of this
control equipment must satisfy themselves that all necessary steps
have been taken to assure that each application and use meets all
performance and safety requirements, including any applicable laws,
regulations, codes and standards.

The illustrations, charts, sample programs and layout examples
shown in this guide are intended solely for purposes of example.
Since there are many variables and requirements associated with any
particular installation, Allen-Bradley does not assume responsibility
or liability (to include intellectual property liability) for actual use
based upon the examples shown in this publication.

Allen-Bradley publication SGI-1.1, Safety Guidelines for the
Application, Installation, and Maintenance of Solid-State Control
(available from your local Allen-Bradley office), describes some
important differences between solid-state equipment and
electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this copyrighted publication, in
whole or in-part, without written permission of Allen-Bradley
Company, Inc., is prohibited.

/

Throughout this manual we use notes to make you aware of safety -
considerations:

ATTENTION: Identifies information about practices
or circumstances that can lead to personal injury or
death, property damage or economic loss.

Attention statements help you to:
e identify a hazard

e avoid the hazard

@ recognize the consequences

Important: Identifies information that is critical for successful
application and understanding of the product.

SLC. SLC 500, SLC 5/02, SLC S/03. SLC 5/04, and MicroLogix are trademarks of Allen-Bradicy Company, Inc.
AL Series and RSLogix 500 are trademarks of Rockwell Sof Inc.
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P4 Preface

Common Techniques Used in
this Manual

Allen-Bradley Support

Publication 1746-6.8 — April 1997

The following conventions are used thronghout this manual:

e Bulleted lists such as this one provide information, not procedural
steps.

e Numbered lists provide sequential steps or hierarchical
information.

e Textin this font indicates words or phrases you should type.

e Key names appear in bold, capital letters within brackets (for
example, [ENTER]).

Allen-Bradley offers support services worldwide, with over 75
Sales/Support Offices, 512 authorized Distributors and 260
authorized Systems Integrators located throughout the United States

alone, plus Allen-Bradley representatives in every major country in
the world.

Local Product Support

Contact your local Allen-Bradley representative for:

sales and order support

product technical training

warranty support

support service agreements

Technical Product Assistance

If you need to contact Allen-Bradley for technical assistance, please
review the information in the Troubleshooting chapter first. Then
call your local Allen-Bradley representative.

Your Questions or Comments on this Manual

If you find a problem with this manual, please notify us of it on the
enclosed Publication Problem Report.

If you have any suggestions for how this manual could be made
more useful to you, please contact us at the address below:

Allen-Bradley

Control and Information Group

Technical Communication, Dept. A602V, T122
P.O. Box 2086

Milwaukee, WI 53201-2086
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Chapter 1

General Description

Overview

This chapter describes the 1746-NI8 analog input module and
explains how the SLC 500 ™ processor gathers analog input from the
module. Included is information about:

e the module’s hardware and diagnostic features
® an overview of system operation

The module receives and stores digitally converted analog data into
its image table for retrieval by all fixed and modular SLC 500
processors. The module supports connections from any combination
of up to eight voltage or current analog sensors.

The 1746-NI8 is a multiclass (Class 1 or Class 3) single-slot module.
Class 19 configuration utilizes 8 input words and 8 output words.
Class 3 configuration utilizes 16 input words and 12 output words.
Fixed and SLC 5/01 ™ processors can only operate as Class 1. The
SLC 5/02™, SLC 5/03™, and SLC 5/04™ processors can be
configured for either Class 1 or Class 3.

The 8 high-impedance input channels can be wired as either
single-ended or differential inputs. The module provides a direct
interface to the following input types:

+10V dc

1-5V dc

0-5V dc

0-10V dc

0-20 mA

4-20 mA

+20 mA

0-1 mA

The data presented to the processor can be configured as:
Engineering Units

Scaled-for-PID

Proportional Counts (-32,768 to +32,767 range)
Proportional Counts with User Defined Range (Class 3 only)
1746-NI4 Data Format

o

Requires use of Block Transfer in a remole configuration.

Each input channel also provides open-circuit, out-of-range, and
invalid configuration indication via the LEDs. In Class 3 operation
these conditions are also in the channel status word.
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1-2 Overview

Important:  Status words are only available when the module is (
configured for Class 3.

Hardware Features

The module fits into any slot, except the processor slot (0), in either
an SLC 500 modular system or an SLC 500 fixed system expansion
chassis (1746-A2).

The module contains a removable terminal block providing
connection for eight analog input channels, which is specifically
designed to interface with analog current and voltage input signals.
The channels can be wired as either single-ended or differential
inputs. There are no output channels on the module. Module
configuration is done via the user program. There are DIP switches
on the circuit board for selecting voltage or current input.

Side Label
Channel Status
LEDs (Green) INPUY
\u% Door Label 4
| eI
Module Status’/,.v MODLLE STRTUS [ /
LED (Green) _ANALOG L ———
de S HE=
Removable / & (©] (6 B o
Terminal Block @) @ W s
A @ @ b 5P s
B | |l
: @ @ 1 own
¢ @ oL ]
@) > Y ]
O {| { [t seegg |
) =) — ] DIP 3l =sls ;
Cable Tie Slots ~ (] et Switches — ;
Self-Locking Tabs '

Hardware Feature Function
Channel Status LED Indicators Displays channel operaling and fault status.
Module Status LED Displays module operating and fault status.
Side Label (Nameplate) Provides module information.
Removable Terminal Block Provides physical connection to input devices.
Door Label Permits easy terminal identification.
Cable Tie Slots Secures and route wiring from module.
Self-Locking Tabs Secures module in chassis slot.
Voltage/current Selection DIP Switches | Selects voltage or current input lype to match the analog sensor.
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Overview 1-3

System Overview

General Diagnostic Features

The 1746-NI8 module contains diagnostic features that can help you
identify the source of problems that may occur during power-up or
during normal channel operation. These power-up and channel
diagnostics are explained in chapter 7, Module Diagnostics and
Troubleshooting.

The module communicates to the SLC 500 processor through the
parallel backplane interface and receives power from the SLC 500
power supply through the backplane. The +5V dc backplane supply
powers the SLC circuitry, and the +24V dc backplane supply powers
the module analog circuitry. No external power supply is required.
You may install as many 1746-N18 analog modules in your system as
the power supply can support.

Each channel on the module can receive input signals from voltage
or current analog input devices. You configure each channel
individually to accept either a voltage or current input signal.

System Operation

At power-up, the module performs a check of its internal circuits,
memory, and basic functions. During this time the module status
LED remains off. If no faults are found during the power-up
diagnostics, the module status LED is turned on.

After power-up checks are complete, the module waits for valid
channel configuration data from your SLC ladder logic program
(channel status LEDs off). After configuration data is written to one
or more channel configuration words and the channel enable status
bits are set, the channel status LEDs go on and the module
continuously converts the analog input to a value within the range
you selected.

Each time a channel is read by the module, that data value is tested
by the module for a fault condition (i.e., open-circuit, over-range,
and under-range). If such a condition is detected, a unique bit is set
in the channel status word and the channel status LED blinks.
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The SLC processor reads the converted analog data from the module
at the end of the program scan, or when commanded by the ladder
program. The processor and module determine that the backplane
data transfer was made without error, and the data is used in your
ladder program. A graphic representation of this is shown below.

Data Transfer Between the Module and Processor

(shown for one channel)
Voltage or Current Channel Data Word
Analog Channel Input
g P 1746-NIB Channel StatusWord
Analog SLC 500
Input Processor
Module
‘Channel Configuration Word
from Ladder Program
Module Operation

The 1746-NI8 module’s input circuitry consists of eight differential
analog inputs multiplexed into a single analog-to-digital (A/D)
converter.

The A/D converter reads the selected input signal and converts ittoa
digital value. The multiplexer sequentially switches each input
channel to the module’s A/D converter. Multiplexing provides an
economical means for a single A/D converter to convert multiple
analog signals. However, multiplexing also affects the speed at
which an input signal can change and still be detected by the
converter.

Module Calibration

The module performs continuous autocalibration for all the channels
that are enabled. There is no need to invoke a calibration cycle to
compensate for changes in temperature.

o



Chapter 2

Required Tools and
Equipment

Quick Start
for Experienced Users

This chapter can help you to get started using the 1746-NI8 analog
input module. We base the procedures here on the assumption that
you have an understanding of SLC 500 products. You should
understand electronic process control and be able to interpret the
ladder logic instructions required to generate the electronic signals
that control your application.

Because it is a start-up guide for experienced users, this chapter does
not contain detailed explanations about the procedures listed. It
does, however, reference other chapters in this book where you can
get more information about applying the procedures described in
each step. It also references other documentation that may be helpful
if you are unfamiliar with programming techniques or system
installation requirements.

If you have any questions or are unfamiliar with the terms used or
concepts presented in the procedural steps, always read the
referenced chapters and other recommended documentation before
trying to apply the information.

This chapter will:

e tell you what equipment you need

e explain how to install and wire the module

e show you how to set up one channel for analog input
e examine the state of the LEDs at normal startup

e examine the channel status word

Have the following tools and equipment ready:

medium blade screwdriver

* medium cross-head screwdriver

e analog input device

e cable for wiring inputs to module

e SLC processor and power supply installed in chassis
e analog input module (1746-NI8)

® programming device and software
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2-2 Quick Start

Procedures

‘Check the contents of shipping box. Reference
Unpack the shipping box making sure that the contents include:
o analog input module (Catalog Nurmber 1746-N18) _
o removable terminal block (factory-installed)
If the contents are incomplete, call your local Allen-Bradley representative for assistance.
Ensure that your chassis and power supply support the 1746-N18
Reference
module.
Review the power requirements of your system to see thal your chassis supports the module: Chapter 3
o If combining a 1746-NI8 module with another IO module in a fixed controller, refer to the /O (Installation and
module compatibility table found in chapler 3. Wiring)
« For modular style systems, calculate the fotal load on the system power supply using the
procedure described in the SLC Installation & Operation Manual for Modular Style Controllers Appendix A
(publication 1747-6.2) or the SLC 500 Family System Overview (publication 1747-2.30). Sp ficati
« The 1746-NI8 backplane current consumption is 200 mA at 5V dc and 100 mA at 24V de. (Specifications)
mlect voltage or current input type to match the analog sensor. Reference
The voltage/current selection DIP switches are located on the side of the module. The switch Chapter 3
setlings are OFF = VOLTAGE INPUT and ON = CURRENT INPUT. (Installation and
Wiring)

LG 500 ruooine g [ oo

(it e c CTORTEMET

——a

CUR?ENT

VOLTAGE CHO CH?
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- Insert the 1746-NI8 module into the chassis. Reference

lConnect sensor cable. Reference

modules with power applied to the chassis or

Q ATTENTION: Never install, remove, or wire
devices wired to the module.

Make sure system power is off; then insert the module into your 1746 chassis. Chapter 3
In this example procedure, local slot 1 is selected. (Instaliation and
Important: For applications using the upper limit of the operating temperature range, the 1746-NI8 Wiring)
module (or multiple 1746-NI8 modules) should be placed in the right most slot(s) of the chassis. The
specification for operating temperature is:
0°C to 55°C (32°F to 131°F) in any slot except slot 0
0°C to 60°C (32°F to 140°F) in right most slot of chassis

AN
o,y
\\\\\\\\\\\ -
.

Top and Bottom
Module Release(s)

Connect sensor cable to the module's terminal block. Chapter 3
Important:  Follow these guidelines when wiring the module. (Instaliation and
® Use shielded commurication cable (Belden 8761) and keep length as short as possible. Wiring)

Connect only one end of the cable shield to earth ground.
Connect the shield drain wires for channels 0-3 to the top shield terminal.
Connect the shield drain wires for channels 47 to the bottom shield terminal.

Shield terminals are internally connected to chassis ground which is connected to earth ground via the SLC backplane.
Single-ended source commons may be jumpered together at the terminal block.

Channels are not isolated from each other. All analog commons are connected together internally.

If a differential signal source has an analog common, it can not and must not be connected to the module.
Common mode voltage range is = 10.5 volts. The voltage between any two terminals must be less than 21 volls.
The module does not provide power for the analog inputs. Terminal Block

Use a power supply that matches the transmitter (sensor) specifications. S

Sensor Cable
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-Configure the system.

Reference
Configure your system l/O for the particular slot the 1746-NI8 is in (slot 1 in this example). Enterthe  Chapter 4
module 1D code. The 1D code is 3526 for Class 1 inlerface, and 12726 for Class 3 interface. See (Preliminary
chapter 4 for more information on Class 1 and Class 3 interfaces. Operating
Considerations)
important: All programming software does not support configuration for Class 3 operation.
e  Advanced Programming Software (APS) supports Class 3 configuration. After entering the ID Appendix C
code (12726), enter 16 input words and 12 output words. (Converting from
@ SLC500A.L Series™ Programming Software supports Class 3 configuration. After entering the ;;:gz;; N
ID code (12726), enter 16 input words and 12 output words. Nig)
@ RSLogix 500™ , version 1.30 or later, supports Class 3 configuration. After enteringthe ID code  yqy, programming
(12726), select Class 3 operation. device's user
e Earlier versions of RSLogix 500 will only support configuration for Class 1 operation. Contact manual.
Rockwell Software for information on upgrading your software.
If you are converting from a 1746-Ni4 toa 1746-Ni8 based system, see Appendix C.
metermine the operating parameters. Reference
Determine the operating parameters for channel 0. This example shows the channel 0 configuration Chapter 4
word. The module is in slot 1. The default configuration word is all zero's. (Preliminary
Operaling
[571413.12) [1u] [10 o 8] [7_s6] [5 4 3][2 1 o] itnumber Considerations)
[olololo] (1] [ol111] [oTo] [oToT o] [alol of channeto Chapter 5
A A & \ A A (Channel
e Input Type: Configuration,
+10V dc Data, and Status)
® Dat'fa Forrnat: . Appendix B
engineering units (NI§ Configuration
e Open Circuit: onlyused  Worksheet)
for 4-20 mA input type
e Filter Frequency: Appendix C
20 Hz (Converting from
1746-Nid to
® Channel Enable: 1746-N18)
enabled
® Not Used
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1746-NI8 Module Output Image — Channel Configuration

Class1 | Class3
0:1.0 channel 0 configuration word bit mapped field ° °
0:1.1 channel 1 configuration word bit mapped field a °
0:1.2 channel 2 configuration word bit mapped field . ®
0:1.3 channel 3 configuration word bit mapped field ° °
0:1.4 channel 4 configuration word bit mapped field ° .
015 channel 5 configuration word bit mapped field ° o
0:1.6 channel 6 configuration word bit mapped field . .
017 channel 7 configuration word bit mapped field ° )
0:1.8 lower scale limit range 0 16 bit integer .
019 upper scale limit range 0 16 bit integer .
0O:1.10 lower scale limit range 1 16 bit integer °
o1 upper scale limit range 1 16 bit integer .

“ Program the configuration.

Reference

Do the programming necessary 1o establish the new configuration word setting in the previous step. ~ Chapter 6

1. Create integer file N10. integer file N10 should contain one element for each channel used. (Ladder Logic
(For this example we only need one, N10:0.) Configuration
2. Enter the configuration parameters from step 7 for channel 0 into integer N10:0. Examples)
3. Program an instruction in your ladder logic to copy the contents of N10:0 to output word 0:1.0.
Chaptler 8
DATA FILE N10 (Application
Examples)

Offaset 15 14 13 12 11 10 9
N10:0 o 0o 0 0 1 o0 1

First Pass Bit Initialize 1746-NIi8

g8 7 6 5 4 3 2 1 o0
i 0 o o0 0 0 O 0 O

On power up, the first pass bit

S:1 T
] ¢———| COPY FILE
15 Source #N10:0
Dest #0:1.0
Length 1

(S:1/15) is set for one scan, enabling
the COPY instruction that transfers
the channel configuration word 0.
This configures and enables the
channel.
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2-6 Quick Start

mite the ladder program.

Reference
Chapter 5
Write the remainder of the ladder logic program that specifies how your analog input data will be (Channel
processed for your application. In this procedure the module is located in slot 1. Configuration,

Data, and Status)

514 3121110 9 8 7 6 5 4 3 2 1 0]BitNumber CL""‘;";“’? I
adder Loglc
olololololololololofolofolofof ol ChanneloData Word (Confi ki
(variable input data) 9
Examples)
1746-NI8 Module Input image - Data Word ((';hag'terra
pplication
Class1 | Class3 Examples)
k1.0 channel 0 data word 16 bit integer ° °
4.1 channel 1 data word 16 bit integer . . Zm{f programming
— evice's user
1.2 channel 2 data word 16 bit integer o ° manual.
1.3 channel 3 data word 16 bit integer ° ©
1.4 channel 4 data word 16 bit integer o °
1.5 channel 5 data word 16 bit integer ° .
1:1.6 channel 6 data word 16 bit integer o °
1.7 channel 7 data word 16 bit integer . .

“E) through the system start-up procedure. Reference
Apply power. Download your program to the SLC processor and put the controller into Run mode. Chapter 7
During a normal start up, the module status LED and any enabled channel status LED turn on. (Module

Diagnostics and
Troubleshooting)

INPUT
CHANNEL STATUS

R EE -
MEEE
MODULE STATUS[_] = }=+—— Module Status LED
ANALOG =

Channel Status LEDs
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Quick Start 2-7

~ Check that the module is operating correctly. Reference
(Optional) If the Module Status LED is off, or if the Channe! 0 LED is off or blinking, refer to chapter 7. Chapter 5
(Channel
Class 3 Interface — Monitor the status of input channel O to determine its configuration setting and Configuration,

operational status. This is useful for troubleshooting when the blinking channel LED indicates that an  Data, and Stalus)
error has occurred. The example below shows the configuration for channel 0 with no errors.

Chapter 7
(Module

[15] (1] (s3] [12] [11] [10 o s] |7__l 5 4 3)[2 1 0] BitNumber Diagnostics and
DIEL—LH_T_“_T_“UI | ||o 0|n|n]|o| )| oJ Channel 0 Troubleshooling)

T O T ) A A Status Word (1:1.8)

L— e Input Type Chapter 8
{Application
Examples)

Data Format

Open Circuit

Filter Frequency
Channel Status
Open-Circuit Error

Over-Range Error

Under-Range Error

Configuration Error
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Chapter 3

Electrostatic Damage

1746-N18 Power Requirements

Installation and Wiring

This chapter tells you how to:

® avoid electrostatic damage

® determine the chassis power requirement for the module
® choose a location for the module in the SLC chassis

¢ set the channels for voltage or current analog input

o install the module

e wire the module’s terminal block

e wire input devices

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 Wear an approved wrist strap grounding device when handling
the module.

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

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

¢ Keep the module in its static-shield bag when not in use, or
during shipment.

The 1746-N18 module receives its power through the SLC 500
chassis backplane from the fixed or modular +5V dc/+24V dc
chassis power supply. The +5V dc backplane supply powers the
SLC circuitry, and the +24V dc backplane supply powers the module
analog circuitry. The maximum current drawn by the module is
shown in the table below.

5V dc Amps 24V dc Amps
0.200 0.100
When you are using a modular system configuration, add the values
shown in the table above to the requirements of all other modules in
the SLC chassis to prevent overloading the chassis power supply.

When using a fixed system controller, refer to the Important note
about compatibility in a 2-slot expansion chassis on page 3-2.
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Installation and Wiring

Module Location in Chassis

Fixed Controller Compatibility Table

Nig 5Vdc 24V de
(Amps) | (Amps)
IA4 ® 0.035 .
1AB e 0.050
IA16 . 0.085
M4 0.035
M8 . 0.050 -
IM16 o 0.085 -
0A8 0.185
OAP12 0.370
0A16 0.370
iB8 o 0.050
1B16 ° 0.085
IC16 . 0.085 2
ITB16 . 0.085
TV16 . 0.085
v8 . 0.050
V16 . 0.085
IG16 . 0.140 -
ovs . 0.135
ovi6 0.270
0B8 . 0.135
OBP8 o 0.135
OBP16 0.250
OVP16 0.250 s
0G16 0.180 .
ow4 o 0.045 0.045
ows 0.085 0.090
owW16 0.170 0.180 |
104 . 0.030 0.025 |
108 . 0.060 0.045
1012 0.090 0.070
N4 0.025 0.085
NIg 0.200 0.100
NIO4I 0.055 0.145
FiO4} 0.055 0.150
FI0aV 0.055 0.120
NIO4V 0.055 0.115
NT4 . 0.060 0.040
NR4 . 0.050 0.050
HSTP1 0.200 .
1H16 . 0.085
DCM 0.360
HS 0.300
0B16 0.280
IN16 . 0.085 .
BASNn 0.150 0.125
BAS 0.150 0.040
0B32 0452 -
ova2 0.452
V32 0.106 -
IB32 0.106 -
oX8 0.085 0.090
NO4l |- W@ 0.055 0.195
NO4V K3 0.055 0.145
KEn 0,150 0.125
KE 0.150 0.040
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Modular Chassis Considerations ( .

Place your 1746-NI8 module in any slot of an SLC 500 modular, or
modular expansion chassis, except for the extreme left slot (slot 0) in
the first chassis. This slot is reserved for the processor or adapter

modules.

Important:

For applications using the upper limit of the operating
temperature range, the 1746-NI8 module (or multiple
1746-NI8 modules) should be placed in the right most
slot(s) of the chassis. The specification for operating
temperature is:

Operating Temperature Range

0°C to 55°C (32°F to 131°F) in any slot except slot 0
0°C to 60°C (32°F to 140°F) in right most slot of chassis

Fixed Expansion Chassis Considerations

Important: The 2-slot, SLC 500 fixed /O expansion chassis

(1746-A2) will support only specific combinations of

modules. If you are using the 1746-NI8 module in a

2-slot expansion chassis with another SLC /O or

communication module, refer to the table at the left to i t
determine whether the combination can be supported. .
In the table:

E A dot indicates a valid combination.

[] No symbol indicates an invalid combination.

(] A triangle indicates an external power supply is

required. (Refer to the Analog /O Module User
Manual, publication 1746-6.4.)

When using the table, be aware that there are certain
conditions that affect the compatibility characteristics of
the BASIC module (BAS) and the DH-485/RS-232C
module (KE).

When you use the BAS module or the KE module to
supply power to a 1747-AIC Link Coupler, the Link
Coupler draws its power through the module. The
higher current drawn by the AIC at 24V dc is calculated
and recorded in the table for the modules identified as
BASnh (BAS networked) or KEn (KE networked).
Make sure to refer to these modules if your application
uses the BAS or KE module in this way.
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Compliance to European
Union Directives

General Considerations

Most applications require installation in an industrial enclosure to
reduce the effects of electrical interference. Analog inputs are highly
susceptible to electrical noise. Electrical noise coupled to the analog
inputs will reduce the performance (accuracy) of the module.

Group your modules to minimize adverse effects from radiated

electrical noise and heat. Consider the following conditions when

selecting a slot for the analog input module. Position the module:

® in aslot away from sources of electrical noise such as
hard-contact switches, relays, and AC motor drives

e away from modules which generate significant radiated heat, such
as the 32-point I/O modules

In addition, route shielded twisted pair analog input wiring away
from any high voltage I/O wiring.

This product is approved for installation within the European Union
and EEA regions. It has been designed and tested to meet the
following directives.

EMC Directive

The 1746-NI8 analog input module 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 500812
EMC — Generic Emission Standard, Part 2 — Industrial
Environment
e EN 50082-2
EMC - Generic Immunity Standard, Part 2 ~ Industrial
Environment

This product is intended for use in an industrial environment.
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Module Installation and
Removal

Publication 1746-6.8 — April 1997

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.

Terminal Block Removal

SLoT____ RACK
@ MODULE

ATTENTION: Never install, remove, or wire
modules with power applied to the chassis or devices
wired to the module.

To remove the terminal block:
1. Loosen the two terminal block release screws.

2. Grasp the terminal block at the top and bottom and pull outward
and down.

Terminal
Block Release
Screws

CEEEERE@
B[S [EEL

Switch Settings to Select Voltage or Current Input

Select between voltage and current inputs before installing the
module in the chassis. Use the DIP switches on the module circuit
board. The switch settings are OFF = VOLTAGE INPUT and

ON = CURRENT INPUT. Do this for channels 0-7.

_ SLCS00 e e [t i
g
iy P ——— [
CURRENT ; 5 '
|
VOLTAGE CHo CH7
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Module Installation Procedure

1. Align the circuit board of the analog input module with the card
guides located at the top and bottom of the chassis.

2. 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.

3. Cover all unused slots with the Card Slot Filler, Catalog Number
1746-N2.

Important:  For applications using the upper limit of the operating
temperature range, the 1746-NI8 module (or multiple
1746-NI8 modules) should be placed in the right most
slot(s) of the chassis. The specification for operating
temperature is:

Operating Temperature Range

0°C to 55°C (32°F to 131°F) in any slot except slot 0
0°C to 60°C (32°F to 140°F) in right most slot of chassis

0

AN T_ ™ W
T S . W )
\\\\\\\ See—x",
o 3 g ] “\ o N[\
oo :H !
| Ll. AN
A\
- N6 Top and Bottom
\\‘\\ n \ Module Release(s)
S\ |
\\ N \\
N N
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3-6 Installation and Wiring

Terminal Wiring
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Module Removal Procedure

1. Press the releases at the top and bottom of the module and slide

the module out of the chassis slot.

2. Cover all unused slots with the Card Slot Filler, Catalog Number

1746-N2.

The 1746-NI8 module contains an 18-position, removable terminal

block. The terminal pin-out is shown below.

ATTENTION: Disconnect power to the SLC before
attempting to install, remove, or wire the removable

terminal wiring block.

To avoid cracking the removable terminal block,
alternate the removal of the slotted terminal block
release screws.

Terminal Block

(Terminal Block Spare Part Catalog Number 1746-RT25G)

Shield
Channel 0 (+)

Channel 0 (-)
Channel 1 (+)

Channel 1 (-)
Channel 2 (+)

Channel 2 (-)
Channel 3 (+)

Channel 3 (-)
Channel 4 (+)

Channel 4 (-)
Channel 5 (+)
Channel 5 (-)
Channel 6 (+)

Channel! 6 (-)
Channel 7 (+)

Channel 7 (<)
Shield
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Installation and Wiring 3-7

Important:  Follow these guidelines when wiring the module.

Power

Supply
Connections

+ —

single-end
signal source

single-end
signal source

single-end
signal source

single-end
signal source

shield ' — — — — —

differential
signal source

differential
signal source

differential

| signal source

differential

| signal source

Use shielded communication cable (Belden 8761) and keep length as short as possible.
Connect only one end of the cable shield to earth ground.
Connect the shield drain wires for channels 0-3 to the top shield terminal.
Connect the shield drain wires for channels 4-7 to the bottom shield terminal.
Shield terminals are internally connected to chassis ground which is connected to earth ground via the SLC backplane.
Single-ended source commons may be jumpered together at the terminal block.
Channels are not isolated from each other.

If a differential signal source has an analog common, it can not and must not be connected to the module.
Common mode voltage range is =+ 10.5 volts. The voltage between any two terminals must be less than 21 volts.
The module does not provide power for the analog inputs.
Use a power supply that matches the transmitter (sensor) specifications.

Channel 3

Channel 4

O s e e o s i s i o

Channel 5

P .y S S B _+

Channel 6 :

Channel 7

T e . -~ S _+

Wiring Single-Ended and Differential Inputs

The diagram below shows typical wiring for the module.

Py | .. N P
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3-8 Installation and Wiring

Wiring Schematic for Single-ended Analog Input Connections a
When wiring single-ended analog Transmitter NI8
input devices to the analog input _ ;
module, the number of total wires Sﬁ;‘;’,{. ¥ g l 5 ‘Signal Mo
necessary can be limited by +
jumpering all “IN-" terminals —O INO-
logether. Note that differential Transmitter
inputs are more immune to noise g A
than single-ended inputs. =e Signal INT+
Important: The module does
not provide loop power for . r O IN1-
analog inputs. Use a power Transmitter
supply that matches the - ik
transmitter specifications. o) Slonel O N2+
Important: Follow the FO IN2-
guidelines on pages 3-7 and Transmitter
3-9 when wiring the module. Supply Signal
+ ° Ground
0O O O IN3+
é Lo ws-
Wiring Schematics for 2, 3, and 4-Wire Analog Input Devices
Important: The module does ‘2-Wire Transmitter 6
not provide loop power for Transmitter )
analog inputs. Use a power — + = Module
supply that matches the Power + 0! O= IN +
transmitter specifications. Supply — O IN -
important: Follow the
guidelines on pages 3-7 and = I
3-9 when wiring the module. =
3-Wire Transmitter Transmitter
Supply  Signal
GND Module
Power + O O O IN +
Supply —c|'> 5 IN -
-+
4-Wire Transmitter
Transmitter
Supply  Signal Module
Power + O O+ +0O O IN +
Supply _j; O- - ONN-
-
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Installation and Wiring 3-9

Input Devices

Wiring Guidelines

ATTENTION: To prevent shock hazard, care should
be taken when wiring the module to analog signal
sources. Before wiring any analog module, disconnect
power from the SLC 500 system and from any other
source to the analog module.

Follow the guidelines below when planning your system wiring.

To limit noise, keep signal wires as far away as possible from
power and load lines.

To ensure proper operation and high immunity to electrical noise,
always use Belden 8761 (shielded, twisted pair) or equivalent
wire.

Connect the shield drain wire to the shield terminal on the
1746-NI8 module. Up to four shield wires may be connected to
each shield connection screw terminal that provides a connection
to chassis ground.

Tighten terminal screws using a flat or cross-head screwdriver.
Each screw should be turned tight enough to immobilize the
wire’s end. Excessive tightening can strip the terminal screw.
The torque applied to each screw should not exceed 5 1b-in
(0.565 Nm) for each terminal.

Follow system grounding and wiring guidelines found in your
SLC 500 Modular Hardware Style Installation and Operation
Manual, publication 1747-6.2.

Transducer Source Impedance

If the source impedance of the input device and associated cabling is
too high, it will affect the accuracy of the channel data word. Source
impedance of 500 ohms will produce up to 0.05% of module error
over and above the specified accuracy of the module.

You can compensate for device impedance error by implementing
the following equation in your ladder program:

Vs =

(RJ' i ‘Rn‘n)
Vmea:urzd X [ Rm ]

where: Vs = input device voltage
R; = input device source impedance
R;, = 1746-NI8 input impedance (1 MQ)
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3-10 Installation and Wiring

Wiring Input Devices to the 1746-Ni8

After the analog input module is properly installed in the chassis,
follow the wiring procedure below using Belden 8761 cable.

ATTENTION: Care should be taken to avoid
connecting a voltage source to a channel configured for
current input. Improper module operation or damage
to the voltage source can Occur.

{Cut foil shield
and drain wire.)
Signal Wire
Signal Wire Signal Wire
Signal Wire

Drain Wire Foil Shield

(Twist the drain wire and foil shield logether
and connect 1o earth ground or to the shield
terminal on the 1746-NI8 module.)

To wire your 1746-NI8 module follow these steps.

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

2. Trim the signal wires to 2-inch lengths. Strip about 3/16 inch
(5 mm) of insulation away to expose the end of the wire.

3. At one end of the cable, twist the drain wire and foil shield
together. This end of the cable will be connected to one of the
shield terminals on 1746-NI8 module. Connect shields for
channels 0-3 to the upper shield terminal, and shields for
channels 4-7 to the lower shield terminal.

4. At the other end of the cable, cut the drain wire and foil shield
back to the cable.

5. Connect the signal wires and the shield drain wire to the
1746-NI8 terminal block. Connect the other end of the cable to
the input device.

6. Repeat steps 1 through 6 for each channel on the module.
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Chapter 4

Module ID Code

Preliminary Operating
Considerations

This chapter explains how the analog input module and the SLC 500
processor communicate through the module’s input and output
image. It lists the preliminary setup and operation required before
the module can function in a 1746 1/O system. Topics discussed
include how to:

e enter the module ID code

e select the Class 1 or Class 3 interface

e address your 1746-NI8 module

e select the proper input filter for each channel
e calculate the module update time

o interpret the module response to slot disabling

The module identification code is a unique number encoded for each
1746 /O module. The code defines for the processor the type of I/O
or specialty module residing in a specific slot in the 1746 chassis.

Catalog Number ID Code
3526 — Class 1 interface
SN 12726 - Class 3 interface
Important: All programming software does not support
configuration for Class 3 operation.

e Advanced Programming Software (APS) supports Class 3
configuration. After entering the ID code (12726), enter 16 input
words and 12 output words.

e SLC 500 AL Series™ Programming Software supports Class 3
configuration. After entering the ID code (12726), enter 16 input
words and 12 output words.

e RSLogix S00™, version 1.30 or later, supports Class 3
configuration. After entering the ID code (12726), select Class 3
operation.

e Earlier versions of RSLogix 500 will only support configuration
for Class 1 operation. Contact Rockwell Software for
information on upgrading your software.
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Preliminary Operating Considerations

Class 1 and Class 3

The 1746-NI8 analog input module has multiclass interface

Publication 1746-6.8 — April 1997

Interface capabilities. Class 1 is the standard configuration. The module can
be configured through the user program for Class 3 which enables
user-defined data scaling and monitoring of channel status words.
Configuration Class 1 Class 3
Compatible SLC | SLC 500 fixed, SLC 5/01, SLC 5/02,
Processors | SLC5/03, and SLC 5004 SLC 502, SLC 5/03, and SLC 5104
Compatible local chassis or remote chassis with a local chassis
Chassis 1747-ASB module

oltButimane: output image:

P 9 - 8 channel configuration words and 4 limit ranges
Input and 8 channel configuration words . )
. for user-defined scaling data format

Outputimages | input image: inout | .

8 channel data words input image:

8 channel data words and 8 channel status words

Default Class 1is the default on power-up Class 3 is programmable by user

Module Addressing The following memory maps show you how the input and output

input image tables are defined for Class 1 and Class 3.
Class 1 Memory Map
Bit 15 Bit0 Address
Channel 0 Configuration Word Wordo 0:e.0
Channel 1 Configuration Word Word1  Q:e.1
Channel 2 Configuration Word Word2 0O:e.2
Analog Input Channel 3 Configuration Word Word3 Q:e.3
SLC 5/0X Module 5
Data Files Image Table Channel 4 Configuration Word . .
Osulpul Outpullmage|  Channel 5 Configuration Word . .
------------- can
Shote Channel 6 Configuration Word . .
""""""" Output |
Output Image "Bp&,omge Channel 7 Configuration Word | Word7  O:e.7
————
Input
............. Sc'ian
Slote Address
"""""""" Input Image )
Input Image 8 Words Channel 0 Data Word Word0 [:e0
Channel 1 Data Word Word1  [e.l
(Class 1) Input Image Channel 2 Data Word Word2 |:e.2
Channel 3 Data Word Word3 1.e3
Channel 4 Data Word Word4 |ed
Channel 5 Data Word Word5 le5
Channel 6 Data Word Word6 le.6
Channel 7 Data Word Word7 6.7
Bit15 Bit0
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Class 3 Memory Map
Bit 15 Bit0 Address
Channel 0 Configuration Word Word0 O:e.0
Channel 1 Configuration Word Word1 Qe.l
Channel 2 Configuration Word Word2 Q.2
Channet 3 Configuration Word Word3 OQe.d
Channel 4 Configuration Word Wordd O:ed
Channel 5 Configuration Word WordS OS5
Channel 6 Configuration Word Word6 O:e.6
Analog Input Channe! 7 Configuration Word | Word7  O:e.7
gtgsl‘:/i(l);(s mz‘;: #':ble fower scale limit range 0 Words O:e.8
_____________ osl'm: Oulput Image upper scale limit range 0 Word9 Q:e9
Slote & lower scale limit range 1 Word10 Oce.10
[ (.)u;p;t-ln;a;e- o O:‘S%LT:SQB upper scale limit range 1 Word 11 Q.11
me— -
Slote 2 Address
[T ;n;u't I-m;g; = e g Channel 0 Data Word Word0  1:e.0
Channel 1 Data Word Word1 el
(Class3) Input Image Channel 2 Data Word Word2 .2
Channel 3 Data Word Word3 {3
Channel 4 Data Word Word4 |ed
Channel 5 Data Word Word5 |:e5
Channel 6 Data Word Word6 l:e.6
Channel 7 Data Word Word7 |7
Channel 0 Status Word Word8 |8
Channel 1 Status Word Word9 [e9
Channel 2 Status Word Word10 |:e.10
Channel 3 Status Word Word 11 .11
Channel 4 Status Word Word12 |:e12
Channel 5 Stalus Word Word13 |:e.13
Channel 6 Status Word Word14 [:e.14
Channel 7 Status Word Word15 |:e.15
Bit 15 Bit0

Output Image - Configuration Words

The module output image (defined as the output from the processor
to the module) contains information that you configure to define the
way a specific module channel will work. Each output word
configures a single channel.
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Example - If you want to configure channel 2 on the analog module
located in slot 4 in the chassis, your address would be O:4.2,

File Type —= () : 4 . 2 <+ Word

\

Element Word
Delimiter  Slot Delimiter

Chapter 5, 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

The input image (defined as the input from the module to the
processor) represents data words and status words.

Important:  Status words are only available when the module is
configured for Class 3.

Input words 0-7 (data words) hold the input data that represent the
value of analog inputs for channels 0~7. This data word is valid only
when the channel is enabled and there are no channel errors.

Input words 8-15 (status words) contain the status of channels 0—7
respectively. The status bits for a particular channel reflect the
configuration settings that you entered into the output image
configuration word for that channel and provide information about
the channel’s operational state. To receive valid status information
the channel must be enabled, and the channel must have processed
any configuration changes that may have been made to the
configuration word.

Example — To obtain the status of channel 2 (input word 10) of the
analog module located in slot 4 in the SLC chassis, use address
1:4.10.

File Type 7°‘ Word

N

I:4.10
Element Word
Delimiter Delimiter

Chapter 5, 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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Module Update Time

The module update time is defined as the time required for the
module to sample and convert the input signals of all enabled input
channels and provide the resulting data values to the SLC processor.
Module update time can be calculated by adding the the sum of all
enabled channel sample times (0.75 msec per channel).

The 1746-NI8 module sequentially samples the channels in a
continuous loop.

Channel 0 Disabled Channe! 1 Disabled Channe! 2 Disabled Channel 3 Disabled
Enablag Sample Enabled| gample y | Enabled| oo mple ) E"ableg_ Sample
Channe! 0 Channel 1 Channel 2 Channel 3

Channel 4 Disabled Channel 5 Disabled Channel 6 Disabled Channel 7 Disabled
Enablef Sample Enableg Sample Enabled Sample ’ Enableg Sample r
Channel 4 Channel 5 Channel 6 Channel 7

The following table shows the module update time. The module
update time is the same regardless of the filter frequency. The fastest
module update time occurs when only one channel is enabled. The
slowest module update time occurs when 8 channels are enabled.

Module Update Time
Number of Channels Enabled Update Time
1 0.75 msec
1.50 msec
2.25 msec

3.00 msec
3.75 msec
4.50 msec

5.25 msec
6.00 msec

DN || W
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Channel Turn-On, Turn-Off,
and Reconfiguration Times

Response to Slot Disabling

Publication 1746-6.8 — April 1987

The table below gives you the turn-on, turn-off, and reconfiguration
times for enabling or disabling a channel.

Description Durallon®
The time it takes to set the status bit (transition 101 1o 107 msec
Turn-On Time | from O to 1) in the status word, after setting the .
enable bit in the configuration word. e
The time it takes to reset the status bil
Turn-Off Time (transition from 1 o 0) in the status word, after | 1to 7 msec
resetting the enable bit in the configuration maxirum

word.

The time it takes to change a channel
configuration if the device type, filter frequency,
Reconfiguration | or configuration error bits are different from the | 101 to 107 msec

Time current setting. The enable bit remains in a maximum
steady state of 1. Changing data format does
not require reconfiguration time.

® The duration varies with the number of channels that are enabled.

By writing to the status file in your modular SLC processor you can
disable any chassis slot. Refer to your programming device’s manual
for the slot disable/enable procedure.

ATTENTION: Always understand the implications of
disabling a module before using the slot disable
feature.

Input Response

When a slot is disabled, the 1746-NI8 module continues to update its
input image table. However, the SL.C processor does not read inputs
from a module that is disabled. Therefore, when the processor
disables the module slot, the module inputs appearing in the
processor image table remain in their Iast state, and the module’s
updated image table is not read. When the processor re-enables the
module slot, the current state of the module inputs are read by the
processor during the subsequent scan.

Output Response

The SLC processor may change the module output data
(configuration) as it appears in the processor output image.
However, this data is not transferred to the module. The outputs are
held in their last state. When the slot is re-enabled, the current data
in the processor image is transferred to the module.



Preliminary Operating Considerations 47

Channel Filter Frequency

Selection

The module uses a digital low pass filter that provides noise rejection

for the input signals. The digital filter is programmable, allowing
you to select from eight filter frequencies for each channel.

Selecting a low value (i.e., 1 Hz) for the channel filter frequency
provides the best noise rejection for a channel. Selecting a high
value for the channel filter frequency provides lower noise rejection
and faster step response time. See page 410 for more information
on noise rejection.

The following table shows the available filter frequencies and step
response for each filter frequency.

Filter Step Response Time
Frequency 1% At:curacy(D 0.1% A\ccumcy® 0.05% Accuracy®
1Hz 730 msec + module update time | 1100 msec + module update time | 1200 msec + module update time
2Hz 365 msec + module update time | 550 msec + module update time | 600 msec + module update time
5Hz 146 msec + module update time | 220 msec + module update time | 240 msec + module update time
10 Hz 73 msec + module update time 110 msec + module update time | 120 msec + module update time
20 Hz 36.5 msec + module update time 55 msec + module update time 60 msec + module update time
50 Hz 14.5 msec + module update time | 22 msec + module update time 24 msec + module update time
75Hz 10 msec + module update time 15 msec + module update time 18 msec + module update time
no filter 0.5 msec + module update time | 0.75 msec + module update time | 0.75 msec + module update time
®

The moduls accuracy for current inputs is 0.05%, and for voltage inpuls is 0.1%.

Channel Step Response

The channel filter frequency determines the channel’s step response.
The step response is time required for the channel data word to reach
a specified percentage of its expected final value. This means that if
an input signal changes faster than the channel step response, a
portion of that signal will be attenuated by the channel filter. The
table above shows the step response for each filter frequency.

Channel Frequency

Channel Cut-Off Frequency

The channel filter frequency selection determines a channel’s cut-off
frequency, also called the —3 dB frequency. The cut-off frequency is
defined as the point on the input channel frequency response curve
where frequency components of the input signal are passed with

3 dB of attenuation. All frequency components at or below the
cut-off frequency are passed by the digital filter with less than 3 dB
of attenuation. All frequency components above the cut-off
frequency are increasingly attenuated.

Publication 1746-6.8 - April 1997



Preliminary Operating Considerations

Publication 1746-6.8 — April 1997

The cut-off frequency for each input channel is defined by its filter /
frequency selection. Choose a filter frequency so that your fastest

changing signal is below that of the filter’s cut-off frequency. The

cut-off frequency should not be confused with update time. The

cut-off frequency relates how the digital filter attenuates frequency
components of the input signal. The update time defines the rate at

which an input channel is scanned and its channel data word is

updated.

Aliasing Frequency

Aliasing is a natural characteristic of discrete time sampling of
analog signals. This can result in erroneous data in the data channel
word. Aliasing is usually not a problem because the duration of the
high frequency signal is much shorter than the program scan time.

Aliasing begins at a lower frequency when more channels are
enabled. Anti-aliasing filters are available, but it is recommended
that you first check your transducer for malfunctions as the filters are
fairly expensive.

Aliasing occurs when unwanted signals, at a frequency greater than

the effective sampling rate, are present. The effective sampling rate

is determined by the number of enabled channels (n). The first -
aliasing frequency occurs at: f, = 1/ (n * 0.00075). Subsequent 4 }r
aliasing frequencies occur at integer multiples of f,. The following /
table shows the first alias frequency, based on the number of

channels enabled.

Aliasing Frequency for Number of Channels Enabled

1
Channel

2 3 4 5 6 7 8
Channels | Channels | Channels | Channels | Channels | Channels | Channels

1333 Hz

666 Hz 444 Hz 333 Hz 267 Hz 222 Hz 190 Hz 167 Hz
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Transfer Function Response (dB)

N\

Transfer Function Response (dB)

The graph below shows the aliasing characteristic at a filter
frequency of 10 Hz with one channel enabled.

10 Hz Filter Frequency with One Channel Enabled

0 =ny
\\
A
-20 0
N
N\
LY L
—40 \
-60
100 10! 102 10° 104
Input Frequency (Hz) 1333 Hz
The graph below shows the aliasing characteristic at a filter
frequency of 10 Hz with eight channels enabled.
10 Hz Filter Frequency with Eight Channels Enabled
|
’ “ﬂ‘\
N
N
\\""n-._a \j
-20
-40
o i 02 ; ‘
10 1 10 10
167 Hz
input Frequency (Hz)
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Noise Rejection

Rejection of common mode noise is inherent in the hardware design
of the module. Common Mode Rejection is better than ~75 dB for
common mode DC signals and better than —100 dB for common
mode 50 Hz and 60 Hz AC signals. The module performs well in
the presence of common mode noise as long as the signals applied to
the user terminals do not exceed the common mode voltage rating
(£10.5 Volts) of the module. Improper earth/chassis ground
connections may be a source of common mode noise.

Rejection of normal mode noise is implemented in the firmware and
is a function of the filter frequency selected by the user. A lower
frequency filter will reject more normal mode noise than a higher
frequency filter. Transducer power supply noise, transducer circuit
noise, or process variable irregularities may be sources of normal
mode noise.

Ty



Chapter 5

Channel Configuration

Channel Configuration, Data,
and Status

This chapter examines the channel configuration word and the
channel status word bit by bit, and explains how the module uses
configuration data and generates status during operation. It gives
you information about how to:

e configure a channel
® scale the channel data
e check a channel’s status

The channel configuration word is a part of the 1746-NI8 module’s
output image as shown below. The module output image uses 8
word values when the module is in Class 1 mode, and 12 word
values when the module is in Class 3 mode. A description of the
output image is shown below.

1746-N18 Module Output Image - Channel Configuration

Class 1 | Class 3
Oe0 channel O configuration word bit mapped field ® °
Oe.1 channel 1 configuration word bit mapped field o o
Oe2 channel 2 configuration word bit mapped field . .
Oed channel 3 configuration word bit mapped field . .
Oed channel 4 configuration word bit mapped field o °
Oeb5 channel 5 configuration word bit mapped field o 3
Oeb channel 6 configuration word bit mapped field ® .
Oe.7 channel 7 configuration word bit mapped field o .
Oes8 lower scale limit range 0 16 bit integer )
Oel upper scale limit range 0 16 bit integer )
Oe.10 lower scale limit range 1 16 bit integer )
Oe.11 upper scale limit range 1 16 bit integer °

After module installation (and voltage or current is selected via the
DIP switches) each channel must be configured to establish the way
the channel operates. You configure the channel by entering bit
values into the configuration word using your programming device.
A bit-by-bit examination of the configuration word is provided in the
chart on page 5-2. Programming is discussed in chapter 6.
Addressing is explained in chapter 4.

The configuration word default setting is all zeros.
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Channel Configuration The channel configuration word consists of bit fields, the settings of

Procedure which determine how the chanuel will operate. See the chart below
and the descriptions that follow for configuration information.
Appendix B contains a configuration worksheet.

After determining the configuration for each channel, follow the
steps outlined in chapter 2, Quick Start, or in chapter 6, Ladder
Logic Configuration Examples, to enter this configuration data into
your ladder program and copy it to the 1746-NI8 module.

Channel Configuration Word (O:e.0 through O:e.11) - Bit Definitions

® Make these bit settings in the Channel Configuration Word
A5z n]o] e8| 7]6|5]4]3

Bit(s) Define To Select

= +10V de

DiP SWITCH 1-5V dc
TO ‘OFF"
FoRvoLTAGE| 0-5V dc

i 0-10V dc
= 0-20 mA

DIP SWITCH 4-20 mA
TO "ON°
FORCURRENT| +20 mA

DT

INPUT 01 mA

LN AT

0-2 Input Type

£ g Ny g g V.Y Fe I K=2 =] § .\
|l —m|lo|lOlw|=|lc|lO| =
—lo|l=lOol=|lO|=|0O|©

Engineering Units
Scaled-for-PID
Proportional Counts
1746-NI4 Data Format

User Defined (Class 3)

User Defined (Class 3}
lilegal (configuration error)
llegal (configuration error) |-~

3-5 Data Format

M| lo|lojo|e
olo|=|=|o|e

Zero =T :
Upscale s P O I [ ! 10
Downscale P A P s 1 1o
llegal i

6and7 | Open Circuit

No Filter
75 Hz
50 Hz

Filter 20 Hz

Frequency 10 Hz

5Hz

2 Hz

1 Hz

8-10

== lo|lo|=|—|o|e
= O| = | O|=|O|—=|O

Channel Channel Disabled
Enable Channel Enabled

12-15 Unused Unused® oloflofo

O]

In addition to programming the configuration word, you must also use the DIP switches to select voltage or curent.

Ensure unused hils 12-15 are always be set to zeros.
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Select Input Type (Bits 0-2)

The input type bit field lets you configure the channel for the type of
input device you have connected to the module. Valid input is an
analog voltage or current that provides a signal within one of the
specified ranges.

Determine the input device type for a channel and enter its respective
3-digit binary code in bit field 02 of the channel configuration
word. You must also set the DIP switches of the module for voltage
or current.

Select Data Format (Bits 3-5)

Select a data format for the data word value. Your selection
determines how the analog input value from the A/D converter will
be expressed in the data word. Enter your 3-digit binary code in bit
field 3-5 of the channel configuration word.

The data types are engineering units, scaled-for-PID, proportional
counts, 1746-NI4 data format, and user defined scaling for Class 3
operation only. For all data types, the channel data word is
proportional to the analog input signal.

To have the data in “real” units, the channel data word must be
scaled mathematically. See Channel Data Word on page 5-5 for
the default scaling values and Scaling the Data Channel Word on
page 56 for data type descriptions and scaling examples.

Select Open Circuit State (Bits 6 and 7)

Determine the desired state for the channel data word if an open
circuit condition is detected for that channel. Enter the 2-digit binary
code in bit field 6-7 of the channel configuration word. Open circuit
errors are only detected for 4-20 mA input types (bits 6-7 are
ignored for other input types). The open circuit options are zero,
upscale, and downscale.

e If zero is selected, the channel data word is forced to O during an
open-circuit condition.
e Selecting upscale forces the channel data word value to its full

scale value during an open-circuit condition. The full scale value
is determined by the selected input type and data format.

e Selecting downscale forces the channel data word value to its low
scale value during an open-circuit condition. The low scale value
is determined by the selected input type and data format.
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Important: The processor may continue receiving data values for a
period of time after the open circuit condition occurs
until when the condition is flagged. The module
indicates an open circuit within one module scan times.
The module response time is shown below.

Module Response to Open Circuit
Number of Channels Enabled Response Time (maximum)
1 0.75 msec
1.50 msec
2.25 msec
3.00 msec
3.75 msec
4.50 msec
5.25 msec
6.00 msec

| N D BN

Select Channel Filter Frequency (Bits 8~10)

Determine the desired input filter frequency for the channel and enter
the 3-digit binary code in bit field 8-10 of the channel configuration
word.

The channel filter frequency bit field lets you select one of 8 filters
available for a channel. The filter frequency affects the noise
rejection characteristics. A lower filter frequency increases the noise
rejection, and a higher filter frequency decreases the noise rejection.
Select a filter frequency considering acceptable noise and step
response time. See Channel Filter Frequency Selection on page 4-7
for more information on filter frequency.

Select Channel Enable (Bit 11)

Determine which channels are used in your program and enable
them. Place a one in bit 11 if the channel is to be enabled. Place a
zero in bit 11 if the channel is to be disabled.

The 1746-NI8 module only scans those channels that are enabled.
To optimize module operation and minimize throughput times,
unused channels should be disabled by setting the channel enable bit
to zero.

When set (1) the channel enable bit is used by the module to read the
configuration word information you have selected. While the enable
bit is set, modification of the configuration word may lengthen the
module update time for one cycle. If any change is made to the
configuration word, the change must be reflected in the status word
before new data is valid.
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While the channel enable bit is cleared (0), the channel data word
and status word values are cleared. After the channel enable bit is
set, the channel data word and status word remain cleared until the
module sets the channel status bit (bit 11) in the channel status word.
(Refer to Channel Status on page 5-11.)

Unused Bits (Bits 12-15)

Bits 12-15 are not defined. Ensure these bits are always set to zero.

Channel Data Word The module input image uses 8 data word values whether the module
is in Class 1 or Class 3 mode. The converted voltage or current input
data values reside in I:e.0 through I:e.7 of the module’s input image
file. When an input channel is disabled, its data word is reset to
zero.

1746-NI8 Module Input Image - Data Word
Class 1 | Class 3
le.0 channel 0 data word 16 bit integer . .
X-N| channel 1 data word 16 bit integer . °
le.2 channel 2 data word 16 bit integer . °
le.3 channel 3 data word 16 bit integer ) o
l:e.4 channe! 4 data word 16 bit integer o e
le.5 channel 5 data word 16 bit integer . °
l.e.6 channel 6 data word 16 bit integer ) )
le.7 channel 7 data word 16 bit integer o .
The channel data word contains a 16-bit integer that represents the
value of the analog input channel. The tables below show the
channel data word values for various input types and data formats.
The second table shows the default full-scale values for the
proportional counts data format. The table does not imply the entire
data value range is usable resolution.
Channel Data Word Values for Engineering Units
Input Type Signal Range Engineering Units Engineering Units Scale
+10V de -10.25V to +10.25V -10250 to +10250 1mV/step
0-5V dc —0.5Vto +5.5V -500 to +5500 1mV/step
1-6V dc +0.5V to +5.5V +500 to +5500 imV/step
0-10V dc -0.5V to +10.25V -500 to +10250 1mV/step
0-20 mA -0.5mAt020.5mA -500 to 20500 1.0uA/step
4-20 mA 35mAto20.5mA 3500 to 20500 1.0uA/step
20 mA -20.5 mA t0 20.5 mA -20500 to 20500 1.0uA/step
0-1mA -0.05mA to 1.05 mA ~50 to 1050 1.0uA/step
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Channel Dala Word Values for Scaled Data
Input Type Signal Range Scaled-for-PID | Proportional Counts (default) | NI4 Data Format
+10V dec -10.00V to +10.00V 01o 16383 -32768 10 32767 -32768 to 32767
0-5vV dec 0.0V to +5.00V 01to 16383 -32768 to 32767 0to 16384
1-5V de +1.00V to +5.00V 01o 16363 -32768 to 32767 3277 10 16384
0-10V de 0.0V to +10.00V 010 16383 -32768 to 32767 0to 32767
0-20 mA 0.0 mA 10 20.0 mA 0to 16383 -32768 to 32767 0to 16384
4-20 mA 4.0 mA to 20.0 mA 01to 16383 -32768 to 32767 3277 to 16384
20mA —20.0 mA 10 20.0 mA 0to 16383 -32768 to 32767 -16384 to 16384
0-1mA 0.0 mA o 1.00 mA 010 16383 32768 to 32767 010 1000°
® This data format is not supported by the 1746-NI4 module, butis available for the 1746-Ni8 madule.
Scaling the This section provides descriptions of how the data types are
Channel Data Word expressed in the channel data word and examples of how to
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mathematically convert the data.

Data Type Descriptions

The engineering units are 1 mV/step for voltage input types, and
1.0 pA/step for current input types.

The scaled-for-PID value is a 14-bit unsigned integer, with O
representing the low scale value and 16,383 representing the full
scale value minus 1 Isb. The input signal range is proportional to
your selected input type and scaled into a 0-16,383 range, which is
standard to the SLC PID algorithm.

The proportional count value is a 16-bit signed integer. The input
signal range is proportional to your selected input and scaled into a
32,768 to 32,767 range.

The 1746-NI4 data format converts the current and voltage signals
into 16-bit 2's complement binary values. The table below identifies
the current and voltage input ranges for the input channels, the

~ Sr

nuinber of significant bits, and the resolution.

Voltage/Current Range Decimal Number of Resolution
Representation Signiticant Bits per LSB
-10Vdcto +10Vdec-1LSB | -32,768 to +32,767 16 bits
0to 5V dc 0to 16,384 14 bits
- 305.176 uV
1105V de 3,277 to 16,384 13.67 bits
01010V dc-1LSB 010 32,767 15 bits

=

-
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Voltage/Current Range Decimal Number of Resolution
Representation Significant Bits per LSB
0to20mA 0to 16,384 14 bits
41020 mA 3,277 10 16,384 13.67 bils 1.22070 uA
-20 mA to +20 mA -16,384 to +16,384 15 bits
Oto1mA 0to 1000 10 bits 1 uA®

o This data format is not supported by the 1746-NI4 modute, but is available for the 1746-NIB module.

User defined scaling count (Class 3 operation only) allows the
output image data words 8 and 9 (or words 10 and 11) to be selected
to represent low scale and high scale limits. The module uses these
limits and scales proportionately between them. For example, if
words 8 and 9 are selected to represent low and high scaling ranges
(data format select bits = 100 binary), and word 8 contains 0000 hex
(0 decimal), and word 9 contains 4E20 hex (20000 decimal), this
would represent the range of values that the voltage or current
readings would be scaled into. The lowest voltage or current reading
would be scaled to 0, and the highest voltage or current reading
would be scaled to 20000, with other readings scaled proportionately
between them.

If the module is in Class 1 mode and you attempt to configure for
user defined proportional counting, a configuration error will be
generated.

Using Scaled-for-PID and Proportional Counts

The scaled-for-PID and proportional count selections provide the
highest display resolution, but also require you to manually convert
the channel data to “real” units.
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Scaling Examples

The following scaling examples show how to convert the channel
data word from the configured data type to “real” units. “Real” units
are the values being measured such as temperature and pressure. To
perform the scaling, you must know the defined voltage or current
range for the channel’s input type. The lowest possible value for an
input type is Sp.ow, and the highest possible value is SyigH. Refer to
the Channel Data Word Value tables on pages 5-5 and 5-6 for the
data channel word ranges.

Engineering Units to ‘“Real’”’ Units

Situation #1: A transducer is being used to measure temperature.

Find:

Equation:

where:

Solution:

The 4-20 mA signal is proportional to 100-500°C (212-932°F).
The channel data word is in engineering units format.
The channel data = 5500.

“Real” units equivalent in °F.

Real Units Equivalent = channel data value X (scaling factor) x (‘Eﬁ'ﬂ-—w)
input range

SLow =212°F

SuigH = 932°F

channel data word = 5500

scaling for engineering units = 1 JLA per step

; ; N 932 °F = 212°F\ _ o
Real Units Equivalent = 5500 x (1 uA) x ( 0 A — 4 i ) 2475 °F

Situation #2: A transducer is being used to measure temperature.

Find:
Equation:

where:

Solution:

B TIP

The 0-10V dc signal is proportional to 0-10°C.
The channel data word is in engineering units format.
The channel data = 5000.

“Real” units equivalent in °C.

S HIGH — S LOW)

Real Units Equivalent = channel data value x (scaling factor) X ( :
input range

SLow =0°C

SHIGH = 10°C

channel data word = 5000

scaling for engineering units = 1 mV per step

. : — 10°C=0°C ) .. .
Real Units Equivalent = 5000 x (I mV) X ( 10V de — 0V dc) 5.000°C

If you are measuring a “real” voltage or current, then selecting engineering units allows the

module to report “real” values without further scaling. For example, a 4.683V dc signal
would produce a channel data word of 4683.
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Scaled-for-PID to “Real” Units

Situation:

Find:

Equation:

where:

Solution:

A transducer is being used to measure temperature.

The 4-20 mA signal is proportional to 100-500°C (212-932°F).
The channel data word is in scaled-for-PID format.

The channel data = 5500.

“Real” units equivalent in °F.

channel data value
Il scale default PID value

Real Units Equivalent = Sy + [(S ey — Stow) X ( T

SLow = 212°F

SHiGH = 932°F

channel data word = 5500

full scale PID default value (from table on page 5-6) = 16383

Real Units Equivalent = 212°F + [(932°F — 212°F) x (%Qj)] = 453.71°F

Proportional Counts to “Real’ Units

Situation:

Find:

Equation:

Real Uml‘S Equivalent = SLOW + [(SH'GH - sLow) X

where:

Solution:

A transducer is being used to measure pressure.

The —10V dc to +10V dc signal is proportional to 0 to 200 psi.
The channel data word is in proportional counts data format.
The channel data = 21567.

“Real” units equivalent in psi.

(data value + | proportional count low default value|)

Srow =0 psi

SuicH = 200 psi

channel data = 21567

proportional count low default value (from table on page 5-6) = —32768
proportional count full scale default value (from table on page 5-6) = 65535

(21567 + | —32678|)
(65535)

Real Units Equivalent = 0 psi + [(200 psi — 0psi) x

(proportional count full scale default value)

] = 165.55 psi
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1746-N14 Data Format Units to “Real’’ Units

Situation: A transducer is being used to measure flow rate,
The —10V dc to +10V dc signal is proportional to 0~100 GPM.
The channel data word is in 1746-NI4 data format.
The channel data = 10000.

Find: “Real” units equivalent in GPM.

~TN

Equation: Real Units Equivalent = channel data value X (M)
input range
where: SLow = 0 GPM
Suigu = 100 GPM
channel data word = 5500
NI4 full scale default value (from table on page 5-6) = 65535

Solution: Real Units Equivalent = 10000 X (100 Gng;SO GPM) = 15.26 GPM

User Defined Limits Data Format to “Real” Units

Situation: A transducer is being used to measure pressure.
The —10V dc to +10V dc signal is proportional to 0-200 psi.
The channel data word is in user defined data format.
The lower scale limit (configuration word 8) = 0.
The upper scale limit (configuration word 9) =20000.
The channel data word = 16600.

Find: “Real” units equivalent in psi.

(SHIGH = SLOW)
(upper scale limit — lower scale limit)

Equation: Real Units Equivalent = channel data word X [

where: SLow =0 psi
SHIGH = 200 psi
(200 psi — 0 psi)

0000 = 0) ] = 166.00 psi

Solution: Real Units Equivalent = 16600 x [
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Channel Status Checking

If the module is in Class 3 mode, there are an additional 8 input
image words available for status information. The channel status
word is a part of the module’s input image. Input words 8-15
correspond to and contain the configuration status of channels 0-7.
You can use the data provided in the status word to determine if the
input configuration data for any channel is valid per your
configuration in O:e.0 through O:e.7.

For example, whenever a channel is disabled (O:e.x/11 = 0), its
corresponding status word shows all zeros. This condition tells you
that input data contained in the data word for that channel is not
valid and should be ignored.

1746-NI8 Module Input Image - Status Word

Class1 | Class3
l:e.8 channel 0 status word bit mapped field °
l.e.9 channel 1 status word bit mapped field °
l:e.10 channel 2 status word bit mapped field .
l.e.1 channel 3 status word bit mapped field 3
f:e.12 channel 4 status word bit mapped field -
l:e.13 channel 5 status word bit mapped field .
l:e.14 channel 6 status word bit mapped field °
l:e.15 channel 7 status word bit mapped field °

The channel status word can be analyzed bit by bit. In addition to
providing information about an enabled or disabled channel, each
bit's status (O or 1) tells you how the input data from the voltage or
current analog sensor connected to a specific channel will be
translated for your application. The bit status also informs you of any
error condition and can tell you what type of error occurred.

A bit-by-bit examination of the status word is provided in the chart
on the following page.
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Channel 0-7 Status Word (1:e.8 through L:e.15) - Bit Definitions

Blt(s)

These bit settings

Def
oe 5] 14

0-2

A

T

13|12 11]10] 9
T T T -

il o | :

7[6[5]4

3

Indicate this

+10Vdc

e

e

Input Type

1-5V dc

0-5V dec

0-10V dc

0-20 mA

4-20 mA

+20 mA

=
Nl mla|n|o|lo|o|olm

— | - | OO = OO =

=|eo|=|o|=|e|=|e]e

0-1mA

3-5

Engineering Units

Scaled-for-PID

Proportional Counts

1746-Ni4 Data Format

Data Format

User Defined (Class 3)

User Defined (Class 3)

R
Ly

Slalolalo|=|o)

[ ogal (conliguratior effon)”

x \‘-r_
v

| Magal(configuration error) -

6and7

Zero

Upscale

Open Circuit

Downscale

N\

Tiégal {configuration artor)

8-10

No Filter

75 Hz :

50 Hz

Filter

20 Hz

Frequency

10 Hz

5Hz

2Hz

_|=mlOolOo]|=|=|o|O} - |-
~lo|l=a|lo|=lo|=|o].

1 Hz

1

Channel i 0

Channel Disabled

Status : Sl =1 1

Channe! Enabled

12

No Error

Open Circuit | - 0
Error S i

Open Circuit Detected

No error

OverRange | | | 0]
Error e

P YV . P Y o P
Ovei-Range Condition

14

No Error

Under-Range | | 0 |
Error : ]

Under-Range Condition

15

Configuration | 0

No Error

Error s [ | N

Configuration Error

important: If the channel for which you are seeking status is
disabled (bit O:e.x/11 = 0), all bit fields are cleared.
The status word for any disabled channel is always
0000 0000 0000 0000 regardless of any previous setting (‘

that may have been made to the configuration word. N
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Explanations of the status conditions follow.

Input Type Status (Bits 0-2)

The input type bit field indicates what type of input signal you have
configured for the channel. This field reflects the input type defined
in the channel configuration word. The input field is cleared when
the channel is disabled.

Data Format Type Status (Bits 3-5)

The data format bit field indicates the data format you have defined
for the channel. This field reflects the data type selected in the
channel configuration word. The data format field is cleared when
the channel is disabled.

Open Circuit Type Status (Bits 6 and 7)

The open circuit bit field indicates how you have defined the
response of the module to an open circuit condition. This feature is
active for the 420 mA input type only. The open circuit field is
cleared when the channel is disabled.

Channel Filter Frequency (Bits 8-10)

The channel filter frequency bit field reflects the filter frequency you
selected in the configuration word. This feature is active for all
current and voltage input types. The filter frequency bit field is
cleared while the channel is disabled.

Channel Status (Bit 11)

The channel status bit indicates the operational state of the channel.
Once the channel enable bit is set, the module will configure the
channel and take the first data sample of the channel data word
before setting the channel status bit. The channel status bit is cleared
upon power up and reset.
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Open Circuit Error (Bit 12)

The open circuit error bit is set (1) whenever the channel detects an
open circuit condition at its input. The open circuit error is active for
the 4-20 mA input type only. The open circuit error state will
always take precedence over the out-of-range error states. There will
never be an out-of-range error when an open circuit is detected. The
open circuit error bit is cleared when the channel is disabled or when
the open circuit condition is removed.

Over-Range Error (Bit 13)

The over-range error bit is set (1) whenever a configured channel
detects an over-range condition for the channel data. An over-range
condition exists when the input value is above the specified upper
limit of the particular sensor connected to that channel. The
over-range bit is cleared when the channel is disabled.

Under-Range Error (Bit 14)

The under-range error bit is set (1) whenever a configured channel
detects an under-range condition for the channel data. An
under-range condition exists when the input value is below the
specified lower limit of the particular sensor connected to that
channel. The under-range bit is cleared when the channel is
disabled.

Configuration Error (Bit 15)

The configuration error bit is set (1) whenever a configured channel
detects that the channel configuration word is not valid. All other
status bits reflect the settings from the configuration word (even
those settings that may be in error). The configuration error bit is
cleared when the channel is disabled.
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Chapter 6

Initial Programming

Ladder Logic Configuration
Examples

Earlier chapters explained how the configuration word defines the
way a channel operates. This chapter shows the programming
required to enter the configuration word into the processor memory.
It also provides you with segments of ladder logic specific to unique
situations that might apply to your programming requirements. The
example segments include:

¢ initial programming of the configuration word

e interfacing the analog module to a PID instruction

® monitoring channel status bits (Class 3 Mode only)

To enter data into the channel configuration word (O:e.0 through
0:e.7) when the channel is disabled (bit 11 = 0), follow these steps.
Refer to page 5-2 for specific configuration details.

Example - A 1746-NI8 analog module is residing in slot 3 of a 1746
chassis. Configure all eight channels with the same parameters.

[sAa26715) [11] [10 9 8][7 ][5 4 3][2 1 o] BitNumber

[oTo[o[o qllll_‘n_m E@Iolﬂl 1] [1] 3' 1] Bit Setting
3

® [nput Type:
4-20 mA

® Data Format:
scaled-for-PID

® Open Circuit:
zero If open circuit

® Filter Frequency:
10Hz

@ Channel Enable:
enabled

® Not Used

This example transfers configuration data and sets the channel enable
bits of all eight channels with a single File Copy instruction.
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Procedure

1. Create integer file N10. Integer file N10 should contain eight
elements (N10:0 through N10:7).

2. Enter the configuration parameters for all eight analog input
channels into a source integer data file N10. See Appendix B for
the channel configuration worksheet.

3. Program a rung in your ladder logic to copy the contents of
integer file N10 to the eight consecutive output words of the
1746-NI8 analog module beginning with word O:3.0.

First Pass Bit Initialize 1746-NI8
“ 82:1 - COP
1 E COPY FILE
15 Source #N10:0
Dest #0:3.0
Length 8

On power up, bit S2:1/15 is set for the first program scan, and integer file N10
is sent to the eight 1746-NI8 channel configuration words.

DATA FILE N10

offset 15 14 13 12 11 10

N10:0
N10:1
N10:2
N10:3
N10:4
N10:5
N10:6
N10:7

OO0 O0OO0OO0O
cococoococoo
00000000
D000 O0OO0
HHEHRPRRBRRMR
BPHRHEBRRERBRR
cooo0co0o0o00 W
oocoooooo9 @
OO0 O0DO0O00OO
COO0OO0O0O0DO0OO0 O
oo O0CcCOoOOoOOQCO U
cocococococoo0 &
RRERBREBRREBHERE W
HERRERHERBHBRBB N
0O0O0DDO0OO0OO00O
HERBRHEBRBRBHEEKE O
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Interfacing to the PID

Instruction

The analog input module was designed to interface directly to the
SLC 5/02™ or later processor PID instruction without the need for
an intermediate scale operation.

Example - Use 1746-NI8 channel data as the process variable in the
PID instruction.

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

2. Specify the 1746-NI8 channel data word as the process variable
for the PID instruction.

Program Listing

Initialize 1746-NI8

First Pass Bit Channel 0
S2:1 — MOV
3] E MOVE
15 Source N10:0
3083
Channel 0 Dest 0:3.0
Status 0
— PID
PID
Control Block N11:0 N
Process Variable I:3.0

Control Variable N11:23
Contrel Block Length 23

— SCL

Scale

Source N11:23
The Rate and Offset parameters should ?
be set per your application. The Dest Rate [/10000] ?
will typically be an analog output ?
channel. Refer to your programming offset ?
device's user manual or Analog /O ?
Modules User Manual for specific Dest ?
examples of the SCL instruction. ?

|END)

DATA FILE N10

Offset 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
N10:0 o o o 0 1 2 0 0 O 0 0 O0 1 1 o0 1
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Monitoring Channel Status
Bits (Class 3 Mode Only)

This example shows how you could monitor the open circuit error
bits of each channel and set an alarm in the processor if one of the
channels opens. An open circuit error can occur if the analog input
device breaks, or one of the sensor wires gets cut or disconnected
from the terminal block.

Program Listing

First Pass Bit Initialize 1746-NI8
s2:1 i< coP
1 £ Copy File
15 Source #N10:0
Dest #0:3.0
Length 8
Channel 0 Channel 0 Channel 0
Status Open Alarm
I:3.8 I:3.8 0:2.0
3 F 1 { —
11 12 0
Channel 1 Channel 1 Channel 1
Status Open Alarm
I:3. I:3.9 0:2.0
] & 1 F {
11 12 b
© e ®
[ ] L ] ®
® [ ] L]
Channel 7 Channel 7 Channel 7
Status Open Alarm
I:3.15 I:3.15 0:2.0
i £ q) ok { —
11 12 7
| ENDY
DATA FILE N10
offgeat 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
N10:0 0o 0 o0 O i1 1 0 O o 0 o0 0 1 1 o0 1
N10:1 0o o0 o0 o0 i 1 o0 O o 0 o 0 1 1 o 1
N10:2 0o 0 0 O 1 1 o0 O o o o0 o0 1 1 o 1
N10:3 0o 0 0 O i 1 o0 O o 0 o0 0 1 1 o 1
N10:4 0o o0 0 0 i 1 0 O o 0 o 0 1 1 o0 1
N10:5 0o 0 O O i 1 o0 o0 o0 o o0 O i 1 0 1
N10:6 o 0 o0 © 1 1 o0 © 0o 0 O O i 1 0 1
N10:7 0o 0 0 o i 1 o0 O o 0 0 O 1 1 o0 1
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Chapter 7

Module Operation vs.
Channel Operation

Power-Up Diagnostics

Channel Diagnostics

Module Diagnostics and
Troubleshooting

This chapter describes troubleshooting using the channel status
LEDs as well as the module status LED. It explains the types of
conditions that might cause an error to be reported and gives
suggestions on how to resolve the problem. Major topics include:

® module operation vs. channel operation
e power-up diagnostics

® channel diagnostics

e LED indicators

® troubleshooting flowchart

® replacement parts

® contacting Allen-Bradley

The module performs operations at two levels:
® module level operations
e channel level operations

Module level operations include functions such as power-up
configuration and communication with the SLC processor.

Channel level operations describe channel-related functions, such as
data conversion and open-circuit detection.

Internal diagnostics are performed at both levels of operation and
any error conditions detected are immediately indicated by the
module’s LEDs.

At module powerup, a series of internal diagnostic tests is
performed. These diagnostic tests must be successfully completed or
a module error results and the module status LED remains off.

When a channel is enabled (bit 11 = 1), a diagnostic check is
performed to see that the channel has been properly configured. In
addition the channel is tested on every scan for configuration errors,
over-range, under-range, and, for the 4-20 mA input type,
open-circuit conditions.
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A failure of any channel diagnostic test causes the faulted channel
status LED to blink. All channel faults are indicated in bits 12-15 of
the channel’s status word. Channel faults are self-clearing. When
the fault conditions are corrected, the channel status LED will stop
blinking and resume steady illumination.

Important: If you clear (0) a channel enable bit (11) all channel
status information is reset.

LED Indicators The module has nine LEDs. Eight of these are channel status LEDs
numbered to correspond to each of the input channels, and one is a
module status LED.

INPUT
CHANNEL STATUS =
! [o][2] m E ! Channel Status LEDs
ENERREN » ]
MODULE STATUS[ ] «—— Module Status LED
ANALOG
LED State Table
If Module c,::‘:‘el
Status Indicated Condition: Corrective actlon:
LED is: Status
: LEDis:
On Channel Enabled No action required.
Open-Circuit Condit To determine the exact error, check the error
pen-Larcult Londilion | pirs in the input image. Check the channel
configuration word for valid data. Make sure
Blinking Out-of-Range Condition | that the data format is indicated correctly in bits

On

Channel Configuration

3-5, and that the open-circuit selection state
(bits 6 and 7) is valid. Refer to the

Oft

Error troubleshooting flowchart on page 7-5 and to
chapter 5 for more information.
Power-Up No action required.

Channe! Not Enabled

No action required. For an example of how to
enable a channel refer to chapter 2, Quick
Start, or chapter 6, Ladder Logic Configuration
Examples.

Module Status LED State Table

if Module
Status Indicated condition: Corrective action:
LED is:
On Proper Operation No action required.
Cycle power. If condition persists, call your local
off Module Faul distributor or Allen-Bradley for assistance.
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Channel Status LEDs (Green)

The channel status LED is used to indicate channel status and related
error information contained in the channel status word. This
includes conditions such as:

e normal operation

® channel-related configuration errors
® open-circuit errors

e out-of-range errors

All channel errors are recoverable errors and after corrective action,
normal operation resumes.

Invalid Channel Configuration

Whenever a channel’s configuration word is improperly defined, the
channel status LED blinks and bit 15 of the channel status word is
set. Configuration errors occur when the data format (bits 3—5 in the
channel configuration word) is invalid, or when the open-circuit state
selection (bits 6 and 7) is invalid.

Open-Circuit Detection

An open-circuit test is performed on all enabled channels configured
for 4-20 mA input. Whenever an open-circuit condition occurs (see
possible causes listed below), the channel status LED blinks and bit
12 of the channel status word is set.

Possible causes of an open-circuit include:
® The sensing device may be broken.
® A wire may be loose or cut.

® The sensing device may not have been installed on the configured
channel.

If an open-circuit is detected, the channel data word reflects input
data as defined by the open-circuit bits (6 and 7) in the channel
configuration word.

Out-Of-Range Detection

Whenever the data received at the channel data word is out of the
defined operating range, an over-range or under-range error is
indicated and bit 13 (over-range) or bit 14 (under-range) of the
channel status word is set.
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Module Status LED (Green) /

The module status LED is used to indicate module-related diagnostic
or operating errors. These non-recoverable errors may be detected
at power-up or during module operation. Once in 2 module error
state, the 1746-NI8 module no longer communicates with the SLC
processor. Channel states are disabled, and data words are cleared.

Failure of any diagnostic test results in a non-recoverable error and
requires the assistance of your local distributor or Allen-Bradley.
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Replacement Parts

Contacting Allen-Bradley
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The 1746-NI8 module has the following replaceable parts: ‘
Part Part Number
Replacement Terminal Block 1746-RT25G
Replacement Terminal Cover 1746-R13
1746-Ni8 User Manual 1746-6.8

If you need to contact Allen-Bradley for assistance, please have the
following information available when you call:

® aclear statement of the problem including a description of what
the system is actually doing. Note and record the LED states;
also, note input and output image words for the module.

e alist of things you have already tried to remedy the problem

e processor type and firmware (FRN) number. See label on left
side of processor.

e hardware types in the system including I/O modules and chassis
¢ fault code if the SLC processor is faulted
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Chapter 8

Basic Example

Application Examples

This chapter provides two application examples to help you use the
analog input module. They are defined as a:

e basic example
e supplementary example

The basic example builds on the configuration word programming
provided in chapter 6 to set up one channel for operation. This setup
is then used in a typical application to display a current (amperage)
value.

The supplementary example demonstrates how to perform a
dynamic configuration of five of the eight available channels. The
example sets up an application that allows you to manually select
whether the current transducer data is displayed for L1, L2, or L3.
The example also includes configuration and programming to
display pressure and liquid level.

Application Setup - Display a Current (amperage) Value

In this example, the current draw of a single-phase motor is shown
on an LED display. The display requires BCD data, so the program
must convert the current reading from the analog input module to
BCD before sending it to the display.

Device Configuration

SLC 5/04 processor 1746-0B16

\ = //1746-NI8 L1 jz—

— Current
- Transducer
LED Display
(DC sinking inputs,
BCD format)
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Application Examples

Channel Configuration

Configure channel 0 of the 1746-NI8 module with the following
setup:

4-20 mA input type
engineering units data format

zero data word in the event of an open circuit

10 Hz input filter to reject high frequency noise and provide

rejection of 60 Hz line noise

Channel Configuration Worksheet
(With Settings Established for Channel 0)

ey .

A5 44 4373%) || [0 o 8| 7 6|| 5 4 3|2 1 0] BitNumber
0 0| 0 0 1 1 0|0 0|0 0| 0] O 1(0 1 | Channel 0-N10:0
o|o0f| 0] O Channel 1
0 0| 0| O Channel 2
0 0| 0| O Channel 3
0 0| 0| O Channel 4
0 ol 0| O Channel §
ojo0f0| O Channel 6
0o(0| 0] 0 Channel 7

) A L
® [nput Type
® Data Format
® Open Circuit
@ Filter Frequency
@ Channel Enable
@ Not Used
Bit Deflnitions:
000 =210V dc 010=0-5V dc 100 = 0-20 mA 110=120mA
Bits 0-2 Input Type 001 = 1-5V de 011 = 0-10V de 101 = 4-20 mA 111 = 0-1 mA
. 000 = engineering units 010 = proportional counts 100 = user defined scaling 110 = lllegal
Bits3-5 | DataFormal | 4y _ ccaled-forPID  011=1746-Ni4 dataformat 101 = user defined scaling 111 = llegal
Bits6and 7 | Open Circuit 00 = zero 01 = upscale 10 = downscale 11 = illegal
. 000 = no filter 010=50 Hz 100=10Hz 110=2Hz
Bits8-10 | Filter Frequency | oy, _ 75 011 = 20 Hz 101 = 5 Hz 111=1Hz
Bit 11 Channel Enable | 0= channel disabled 1 = channel enabled
Bits 12-15 Not Used 0000 = always make this setting
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Application Examples 8-3

Program Listing

Rung 2.0 Initialize the 1746-NI8
First Pass Bit Module Channel 0
S:1 Mov
1 E MOVE
15 Source N10:0
Dest 0:3.0
— SCP
Rung 2.1 Scale w/Parameters
Input I:3.0
0 <
Input Min. 3500
3500 <
Input Max. 20500
20500 <
Scaled Min. 0
0 <
Scaled Max. 100
100 <
Output N7:0
0 <
Rung 2.2 - Top
TO BCD
Source N7:0
Convert the scaled channel 0 data word 0 <
to BCD and write this to the LED display. Dest N7:1
If channel O is ever disabled, a zero is 0000h <
written to the display.
uvu®
MASKED MOVE
— | Source N7:1 [
0 <
Mask OFFFh
4095 <
Dest 0:2.0
0 <
Rung 2.3
9 | END|

@ The use of the masked move instruction with the OFFF mask allows you o use outputs 12, 13, 14, and
15 for other oulput devices in your system. The 7-segment display uses outputs 0-11.

Data File

DATA FILE N10

Oof faset 15 14 13 12 11 10 9 8 7 €6 5 4 3 2 1 0
N10:0 6 o 0 0 1 1 0 0 0 O 0 O 1 1 o
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Supplementary Example

SLC Chassis System

Application Setup - Display Amps, PS, and Liquid Level a

This example shows how to display current, pressure, and liquid
level at one annunciator panel. The motor current draw is displayed
in amps. The tank pressure is displayed in psi. The liquid level in
the holding tank is displayed in inches.

A three-position selector switch allows the operator to choose
between displaying the current draw for L1, L2, or L3 of the
three-phase motor. Two warning pilot lights indicate a low or high
liquid level condition in the holding tank. Each display is a 3-digit,
7-segment display. The displays have DC-sinking inputs and use
BCD data format.

Device Configuration

PSl Liquid Level

Selector Switch Display Panel

= L1 - 1:6/0 , (
£ L2 - 1:6/1 ]

L3-1:6/2

@
'l

(=

Current
Transducers
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Application Examples

Channel Configuration

Configuration setup for current transducers:

channels 0, 1, and 2

4-20 mA input type

engineering units data format

zero data word in the event of an open circuit

10 Hz input filter to reject high frequency noise and provide
60 Hz line noise rejection

Configuration setup for pressure transducer:

channel 3

4-20 mA input type

engineering units data format

zero data word in the event of an open circuit

10 Hz input filter to reject high frequency noise and provide
60 Hz line noise rejection

Configuration setup for level sensor:

channel 4

0-10V dc input type

engineering units data format

zero data word in the event of an open circuit

10 Hz input filter to reject high frequency noise and provide
60 Hz line noise rejection
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Application Examples

Channel Configuration Worksheet
(With Settings Established for Channels 0-4)

o/ LA A A, i
5w 7% 11, 10 9 6] s Bit Number
0j0]0] 0 1 1 0 0 0 Channel 0 - N10:0
0| o0/l o0/ o 1 10 0 0 Channel 1 - N10:1
0 0] 0 0 1 1 0 0 0 Channel 2 - N10:2
0 0| o 0 1 1 0 0 0 Channel 3 - N10:3
0 0| o 0 1 1 0 0 0 Channel 4 - N10:4
0 0! o 0 Channel 5
0 0f 0] o Channel 6
0 ol o] o Channel 7
A
® [nput Type
® Data Format
® Open Circuit®
® Filter Frequency
@ Channel Enable
® Not Used
Bit Definitions:
. 000 = £10V dc 010=0-5V dc 100 =0-20 mA 110 =20 mA
sty Input Type 001 = -5V de 011 = 0~10V de 101 = 4-20 mA 111 =0-1 mA
. 000 = engineering units 010 = proportional counts 100 = user defined scaling 110 = illegal
Bis3-5 | DaFomat | o o Ot = 1746NM data format 101 = user defined scaling 111 = legal
Bits6and7 | Open circut® | 00 = zero 01 = upscale 10 = downscale 11 = illegal
" I 000 = no filter 010=50Hz 110=2Hz
Bits 8-10 Filter Frequency 001 = 75 Hz 011 = 20 Hz 111=1Hz
Bit 11 Channel Enable | 0 = channel disabled 1 = channel enabled
Bits 12-15 Not Used 0000 = always make this seffing

The open circuit option is only valid for the 4-20 mA data format,
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Application Examples 8-7

Program Set Up and Operation Summary

1.

Set up one configuration word in memory for each channel. The
table below shows the configuration word allocation summary.
Channel Configuration Word Value

0 N10:0 L1 (amps})

1 N10:1 L2 (amps)

2 N10:2 L3 (amps)

3 N10:3 pressure (psi)

4 N10:4 liquid level (inches)

When the position of the three-position selector changes, convert
the appropriate scaled data word to BCD and send the data to the
LED display.

Liquid Leve!
& High Level
8 Low Level
Selector Switch Display Panel |
L1 -1:6/0
L2 16/
L3 - 1:6/2

If the liquid level goes below the low level set point, turn on the
low level warning light, and if the liquid level goes above the
high level set point, tum on the high level warning light.

Convert the individual analog scaled data words to BCD and send
the data to the respective LED displays.
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Program Listing

The first rung of this program sends the channel setup information to
the 1746-NI8 module. The next four rungs send the scaled data to
the LED display based on the position of the selector switch.

Initialize the 1746-NI8
First Pass Bit Module Channels 04
82:1 — COP
0000 1 E Copy File
15 Source #N10:0
Dest #0:1.0
Length 5
Scale the data word containing the
current values from L1, L2, and L3. — SCP
0001 Scale w/Parameters
Input I:1.0
0 <
Input Min. 3500
3500 <
Input Max. 20500
20500 <
Scaled Min. 0
0 <
Scaled Max. 400
400 <
Output N7:0
0 <
r SCp
— Scale w/Parameters |—]
Input I:l1.1
0 <
Input Min. 3500
3500 <
Input Max. 20500
20500 <
Scaled Min. 0
0 <
Scaled Max. 400
400 <
Output N7:1
0 <
— SCP
—J Scale w/Parameters [—
Input Izl.2
0 <
Input Min. 3500
3500 <
Input Max. 20500
20500 <
Scaled Min. 0
0 <
Scaled Max. 400
400 <
output N7:2
0 <
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8-9

0002

0003

0004

0005

0006

it the selector switch is in the L1 position, convert the scaled
data word to BCD format and send the value to the LED display.

I:6. I:6.0 I:6.0 = TOD
1 1/¢ 1/E To BCD
0 1 2 Source N7:0
0 <
Dest 0:2.0
0000h <
It the selector switch is in the L2 position, convert the scaled
data word to BCD format and send the value to the LED display.
I:6.0 I:6.0 I:6.0 - TOD
—/F 1 € 1/E e ech
0 1 2 Source N7:1
0 <
Dest 0:2.0
0000h <
If the selector switch is in the L3 position, convert the scaled
data word to BCD format and send the value to the LED display.
I:6.0 I:6.0 I:6. [ ToD
1/F 1/7¢ 1 E To BCD
0 1 2 Source N7:2
0 <
Dest 0:2.0
Scale the data word from the pressure transducer. 0000h <
Then convert the scaled data word to BCD format
and send the value to the LED display. — SCP
Scale w/Parameters
Input I::1.3
0 <
Input Min. 3500
3500 <
Input Max. 20500
20500 <
Scaled Min. 0
0 <
Scaled Max. 200
200 <
Output N7:3
0 <
— TOD
To BCD
Source N7:3
0 <
Dest 0:3.0
0000h <
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Scale the data word from the level sensor.
Then convert the scaled data word to BCD
format and send the value to the LED display. — SCP
0007 Scale w/Parameters
Input I:1.4
0 <
Input Min. 3500
3500 <
Input Max. 20500
20500 <
Scaled Min. 6
6 <
Scaled Max, 120
120 <
Output N7:4
0 <
— TOD
0008 To BCD
Source N7:4
0 <
Dest 0:4.0
0000h <
If the value of the level sensor is less than 12 High Level
inches, energize the High Level Waming Light. Waming Light
— LES 0:5.0
! 0009 Less Than (A<B) « —
; Source A N7:4 1
0 <
Source B 12
12 <
'
if the value of the level sensor is greater than 110 Low Level
inches, energize the Low Level Warning Light. Waming Light
— GRT 0:5.0
0010 Greater Than (A>B) « —
Source A N7:4 0
0 <
Source B 110
110 <
0011 | END |—
Data File
DATA FILE N10
C Offset 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
i N10:0 0 o o0 0 1 1 0 O 0 0 0 O O 1 O 1
N10:1 o o o 0 1 1 0 0 0 0 0O O O0 1 o 1
N10:s2 o 0o o 0 1 1 0 0 O o0 o o0 O0 1 0 1
N10:3 o 0 o0 o 1 1 0 O 0 0 0 0 O0 1 o0 1
N10:4 o 0o o o0 1 2 0 O 0 0 O O O O0 1 1

Publication 1746-6.8 — April 1987



N

Appendix A

Specifications

This appendix lists the specifications for the 1746-NI8 Analog Input

Module.

Electrical Specifications

Description Specification
. 200 mA at 5V de
Backplane Current Consumption 100 mA at 24V de

Backplane Power Consumption

3.4W maximum (1.0W @ 5V dc, 2.4W @ 24V dc)

Number of Channels 8 (backplane isolated)
/O Chassis Location Any 1/0 module slot except slot 0
A/D Conversion Method Successive approximation, switched capacitor

Input Filtering

Low pass digital filter with programmable filter frequencies

Normal Mode Rejection
(between [+] input and [-] input)

Provided by low-pass filter

Common Mode Rejection
(between inputs and chassis ground)

Greater than or equal to 75 dB at DC
Greater than or equal to 100 dB at 50/60 Hz

Input Filter Frequencies

1Hz
2Hz
5Hz
10Hz
20 Hz
50 Hz
75 Hz

Calibration

The module performs continuous autocalibration.

Isolation

50V dc continuous between the analog inputs and the backplane
530V ac and 750V dc pulse withstand for 1 second

Common-Mode Voltage Range

+10.5V (21V maximum between any two terminals)

Physical Specifications

Description Specification

LED Indicators

9 green status indicators
one for each of 8 channels and one for module status

Module ID Code

Class 1 Interface: 3526
Class 3 Interface: 12726

Recommended Cable | Belden #8761 or equivalent

Maximum Wire Size Two 14 AWG wires per terminal

Voltage Source (with less than 10Q impedance):

Maximum Cable 40Q maximum loop impedance, for <1LSB error
Impedance Current Source (transmitter properly wired to its power supply):

2500 maximum loop impedance, to meet common-mode vollage requirements

Terminal Block Removable, Allen-Bradley spare part Catalog Number 1746-RT25G
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Environmental Specifications

Description

Specification

Operating Temperature

0°C to 55°C (32°F to 131°F) in any slot except slot 0
0°C to 60°C (32°F to 140°F) in right most slot of chassis

Storage Temperature

~40°C to +85°C (—40°F to +185°F)

Relative Humidity

5% to 95% (without condensation)

Certification

UL listed
CSA approved
CE compliant for all applicable directives

Hazardous Environment Classification

Class I Division 2 Hazardous Environment

Input Specifications

Description

Specification

Type of Input {Selectable)

+10V de
1-5Vdc
0-5V de
0-10vde
0-20 mA
4-20 mA
+20mA
0-1 mA

Type of Data (Selectable)

Engineering Units

Scaled-for-PID

Proportional Counts (—32,768 to +32,767 range)
Proportional Counts (User Defined Range, Class 3 only)
1746-NI4 Data Format

Input Impedance 1MQ

Voltage Input (maximum) +30V between any two signal terminals

Current Input (maximum) 130 mA

Time to Detect Open Circuit 1 module scan

Input Step Response See Chapter 4, Channel Filter Frequency Selection, page 4-7
Input Resolution imVoripA

Display Resolution 1mVoripA

Overall Module Accuracy
(0°C to 60°C, 32°F to 140°F)

Voltage input types (+ 10V dc, 1-5V dc, 0-5V dc, 0-10V dc): +0.1%

Current Input types (0-20 mA, 4-20 mA, +20 mA): +0.05%
Current input type (0—1 mA): +0.5%

Overall Module Drift

Voltage input type: 6 ppm/°C
Current inpul type: +12 ppm/°C

Module Update Time

See Chapler 4, Update Time, page 4-5

Channel Turn-On Time

See Chapter 4, Turn-On Time, page 4-6

Channel Turn-Off Time

See Chapter 4, Tum-Off Time, page 4-6

Channel Reconfiguration Time

See Chapter 4, Reconfiguration Time, page 4-6
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Appendix B

Configuration Worksheet

The following worksheet is provided to help you configure each of
the channels on your module. See Chapter 5 for detailed
configuration information.

A5 144312 | 1| |10 9 8 7 6 5 4 3|2 1 0] BitNumber
o0 0] O Channel 0
0 ol o 0 Channel 1
00| 0] O Channel 2
0 0 0 0 Channel 3
0] 0| 0 O Channel 4
0| 0| 0 0 Channel 5
0jo0j 0| 0 Channel 6
0 0 0 0 Channel 7
/ A A 1 L
® Input Type
® Data Format
® Open Circuil
®  Filter Frequency
® Channel Enable
® Not Used
Bit
Definltions:
000 = +10V dc 010=0-5Vdc 100 =0-20 mA 110 =320 mA
Bits 0-2 Input Type 001 = 1-5V de 011 = 0-10V de 101 = 4-20 mA 111=0-1mA
000 = engineering units 010 = proportional counts 100 = user defined scaling 110 = llegal
F
i DataFomal | 41 - scalecorPID 011 = 1746-Nid data formal 101 = user defined scaling 111 = g
Bits6and 7 | Open Circuit 00 = zero 01 = upscale 10 = downscale 11 =jllegal
- . 000 = no filter 010 = 50 Hz 100=10Hz 110=2Hz
I
Bits-10 | Fiter Frequency | 51 - 75 011= 20 Hz 101=5Hz 111=1H;
Bit 11 Channel Enable | 0 = channel disabled 1 = channel enabled
Bits 12-15 Not Used 0000 = always make this setting
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Appendix C

Module ID Code

Converting from 1746-Ni4 to
1746-NI8

This information is provided for those who are replacing two
1746-N14 modules with one 1746-NI8 module.

The module identification code is a unique number encoded for each
1746 /O module. The code defines for the processor the type of I/O
or specialty module residing in a specific slot in the 1746 chassis.

Using your programming device, configure the slot with the
appropriate ID code. In this example, the 1746-NI8 is in slot 3.

Catalog Number ID Code
3526 - Class 1 interface
1746-NIB 12726 - Class 3 interface

Important: All programming software does not support
configuration for Class 3 operation.

e Advanced Programming Software (APS) supports Class 3
configuration. After entering the ID code (12726), enter 16 input
words and 12 output words.

® SLC 500 A.L Series™ Programming Software supports Class 3
configuration. After entering the ID code (12726), enter 16 input
words and 12 output words.

® RSLogix 500™, version 1.30 or later, supports Class 3
configuration. After entering the ID code (12726), select Class 3
operation.

® Earlier versions of RSLogix 500 will only support configuration
for Class 1 operation. Contact Rockwell Software for
information on upgrading your software.

See chapter 4 for more information on Class 1 and Class 3 interfaces.
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Addressing

SIOT 0 1 2

SLloT 0 1 2

Publication 1746-6.8 -~ April 1997

Addressing is changed from two modules with 4 channels to one
module with & channels. The input addressing is shown below.

1746-Ni4 Input Addressing

® [:3.0- Slot 3, Channel 0 Data Word
@ 1:3.1 - Slot 3, Channel 1 Data Word
e |:3.2 - Slot 3, Channel 2 Data Word
® [:3.3 - Slot 3, Channel 3 Data Word

1746-N18 Input Addressing
:3.0 - Slot 3, Channel 0 Data Word

1:3.1 - Slot 3, Channel 1 Data Word
1:3.2 - Slot 3, Channel 2 Data Word
1:3.3 - Slot 3, Channel 3 Data Word
1:3.4 - Slot 3, Channel 4 Data Word
I:3.5 - Siot 3, Channel 5 Data Word
e [:3.6 - Slot 3, Channel 6 Data Word
® [:3.7 - Slot 3, Channel 7 Data Word

e e @ @ ©

1:4.0 - Slot 4, Channel 0 Data Word
:4.1 - Slot 4, Channel 1 Data Word
:4.2 - Slot 4, Channel 2 Data Word
1:4.3 - Slot 4, Channel 3 Data Word



Converting from 1746-Ni4 to 1746-NI8 Cc-3

N Channel Configuration

For the 1746-NI4, input selection (voltage or current) is made via a
switch. For the 1746-NIS8, input selection (voltage or current) is
made via a switch and a configuration word is used to define the
other operating parameters for the module. The 1746-NI4 does not
employ a configuration word.

To configure the 1746-NI8 for the same input type as the 1746-NI14,
use the following configuration word. For voltage input you must
select £10V dc, and for current input you must select £20 mA.
Define a configuration word for channels 0—7 on the 1746-NI8
module.

a5 Az [l (o 9 8| |7 6|5 4 3|[2 1 0] BitNumber
o ofof of [t |[1]ofof[o]o|[o|t]|1][1]1]0] curentinpu
o oflof of[1]|[1]o]of|f[ofo]|[o]1]1][o]|o0]o0] vohagempu

£\

“ L
Input Type

Data Format

Open Circuit

Filter Frequency

Channel Enable
Not Used

Bit Definitions for Converting from 1746-NI4 to 1746-N18:

Bits 0-2 Input Type 000 =10V dc 110 =120 mA

Bits 3-5 Data Format 011 = 1746-Ni4 data format

Bits6and 7 Open Circuit 00 = zero (the open circuit option is not available for the 20 mA data type)
Bits 8-10 Filter Frequency 100=10Hz

Bit 11 Channel Enable 0 = channel disabled 1 = channel enabled

Bits 12-15 Not Used 0000 = always make this setting

Ladder Program

See chapter 5 for more detailed information on channel
configuration.

To convert your ladder program from the 1746-NI4s to a 1746-NI8,
you only need to change the module addressing. Change the
addresses in the program (slot and word sub element number) to
reflect the location of the new module.

See chapter 6 for more information on ladder programming.
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Appendix D

Two’s Complement Binary
Numbers

The SLC 500 processor memory stores 16-bit binary numbers.
Two’s complement binary is used when performing mathematical
calculations internal to the processor. Analog input values from the
analog modules are returned to the processor in 16-bit two’s
complement binary format. For positive numbers, the binary
notation and two’s complement binary notation are identical.

As indicated in the figure on the next page, each position in the
number has a decimal value, beginning at the right with 20 and
ending at the left with 215. Each position can be 0 or 1 in the
processor memory. A 0 indicates a value of 0; a 1 indicates the
decimal value of the position. The equivalent decimal value of the
binary number is the sum of the position values.

Positive Decimal Values

The far left position is always O for positive values. As indicated in
the figure below, this limits the maximum positive decimal value to
32767 (all positions are 1 except the far left position). For example:

0000 1001 0000 1110 = 211428423422,21 = 2048+256+8+4+2 = 2318
0010 0011 0010 1000 = 213+29428425,23 = 8192+512+256+32+8 = 9000

—  1x214=16384 16384

—  1x213=8192 8192
1x212= 4096 4096

—  1x2!'=2048 2048
—  1x219=1024 1024
—  1x2°=512 512
——  1x28=256 256
—  1x27=128 128
—  1x25=64 64
—  1x25=32 32
— 12416 16
—  1x23=8 8
— 1x22=4 4
2

1!

1x21=2
I — 1x20=1
11

01 1 1 1 1 1 1 11 1 11 1 32767

0x2!15=0  This position is always zero for positive numbers
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Negative Decimal Values

In two’s complement notation, the far left position is always 1 for
negative values. The equivalent decimal value of the binary number
is obtained by subtracting the value of the far left position, 32768,
from the sum of the values of the other positions. In the figure
below (all positions are 1), the value is 32767 — 32768 =-1. For
example:

1111 1000 0010 0011 =
(214421342124211425421420) - 215 =
(16384+8192+4096+2048+32+2+1) - 32768 =
30756 - 32768 = —2013.

1x214=16384 16384
x23=8192 8192
1x212= 4096 4096
— 1x211=2048 2048
—  1x210=1024 1024
— 1227512 512

—  1x28=256 256

. 1x2"=128 128

—  1x26=64 64

— 1x25732 32

— 1x2*=16 16

— 128 8

—  1x2274 4

1x2!1=2 2

I_'f— 1x20=1 1
0111111111111111 32767

1x215=1  This position is always 1 for negative numbers
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Glossary

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

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

analog input module - An I/O module that contains circuits that
convert analog dc input signals to digital values that can be
manipulated by the processor.

attenuation - The reduction in the magnitude of a signal as it passes
through a system.

backplane - A printed circuit board, at the back of the chassis, that
provides electrical interconnection between the modules inserted into
the chassis.

channel - Refers to one of eight, small-signal analog input interfaces
available on the module’s terminal block. Each channel is
configured for connection to a voltage or current source input device,
and has its own data and diagnostic status words.

channel update time - The time required for the module to sample
and convert the input signals of one enabled input channel and
update the channel data word.

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

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;o (V1/V2)

common mode voltage - A voltage that appears in common at both
input terminals of a differential analog input with respect to ground.

configuration word - Contains the channel configuration
information needed by the module to configure and operate each
channel. Information is written to the configuration word through
the logic supplied in your ladder program.
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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 filter implemented in firmware, using discrete,
sampled data of the input signal.

filter - A device that passes a signal or range of signals and
eliminates all others.

filter frequency - (-3 dB frequency) The user-selectable frequency.

full scale error - (gain error) The difference in slope between the
actual and ideal analog transfer functions.

full scale range - (FSR) The difference between the maximum and
minimum specified analog input values.

gain drift - The change in full scale transition voltage measured over
the operating temperature range of the module.

input data scaling -The data formats that you select to define the Q
logical increments of the channel data word. These may be

scaled-for-PID, or Engineering Units, which are automatically

scaled. They may also be proportional counts, which you must

calculate to fit the resolution of the quantity being measured in your
application.

input image - The input from the 1746-NI8 module to the SLC
processor. The input image contains the module data words and
status words.

local configuration - A control system where all the chassis are
located within several feet of the processor, and chassis-to-chassis
communication is via a 1746-C7 or 1746-C9 ribbon cable.

LSB - (Least Significant Bit) The bit that represents the smallest
value within a string of bits.

module scan time - same as module update time

module update time - The time required for the module to sample
and convert the input signals of all enabled input channels and make
the resulting data values available to the SLC™ processor.

multiplexer - An switching system that allows several input signals
to share a common A/D converter.
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normal mode rejection - (differential mode rejection) A logarithmic
measure, in dB, of a device's ability to reject noise signals between
or among circuit signal conductors.

output image - The output from the SLC processor to the 1746-NI8
module. The output image contains the module configuration
information. Each output word configures a single channel.

remote configuration - 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
I/0 Adapter.

resolution - The smallest detectable change in a measurement,
typically expressed in engineering units (e.g. 1 mV) or as a number
of bits. For example a 12-bit system has 4,096 possible output
states. It can therefore measure 1 part in 4096.

scaling - The process of changing a quantity from one notation to
another.

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 channel data
word signal to reach a specified percentage of its expected final
value, given a large step change in the input signal.

transducer - A device that converts one energy form to another
(e.g., mechanical to electrical). When a transducer is actuated by
signals from one system or medium, it can supply a related signal to
the other system or medium.
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Index

Symbols

-3 dB frequency. See filter frequency

A

AD
converter, 1—4
definition, G-1
value in data word, 5-3

abbreviations, G~1

addressing, 4-2
1746-Nl4 to 1746-Ni8, C-2
configuration word, 4-3
addressing example, 4-4
data word, 4-4
addressing example, 4—4
status word, 4—4
addressing example, 4—4

alarms, 64
aliasing frequency, 4-8

Allen-Bradley, P-4
contacting for assistance, P-4

analog input module
definition, G-1
overview, 1-1

attenuation
~3 dB frequency, 4-7
definition, G-1

backplane
connector, 3-5
data transfer, 1-4
definition, G-1
electrostatic damage, 3-1
ground connection, 2-3, 3-7
interface, 1-3
power supply, 3-1

bit allocation, 5-1
in status word, 5-12

bit definition
channel enable, 54
channel status, 5-13
configuration error, 5-14
data format, 5-3, 5-13
filter frequency, 5-4, 5-13
in configuration word, 5-2

in status word, 5-12

input type, 5-3, 5-13

open circuit error, 5-14
open circuit state, 5-3, 5-13
over—fange error, 5-14
under-range error, 5-14

C

cable tie slots, 1-2
calibration, 14
channel, definition, G-1

channel configuration error, 7-3
fault detection bit, 5-14

channei filter frequency, 4-7
effects on noise filtering, 4-7
effects on update time, 4-7

channel status bit, 5-13

channel status LED, 1-3, 2-6
channel status word, example, 2-7
channel step response, 4-7
channel update time, definition, G-1

chassis
definition, G—-1
installing module in, 3-5
installing module in, 2-3

CMRR. See common mode rejection ratio

common mode rejection ratio, definition,
G-1

common mode voltage, definition, G-1

configuration word, 4-3
bit definition chart, 5-2
definition, G-1
factory default setting, 5-1
worksheet, B-1

configuring a channel, 5-1
worksheet, B-1

connection diagram, 2-3, 3-6

contacting Allen-Bradley for assistance,
P-4

contents of manual, P~2

converting from 1746-Nl4 to 1746-NI8,
C-1

current draw, 3-1
cut-off frequency, 4-7
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D

data type descriptions, 5-6

data word, 4-4
addressing, 4-4
converting to other units, 56
definition, G-2
module inputimage, 2-6, 5-5
scaling examples, 5-8
values for engineering units, 5-5
values for scaled data, 5-6

data word format, 5-3
examining in status word, 5-13
setting in configuration word, 5-3

dB, definition, G-2

decibel. See dB

default setting of configuration word, 5-1
definition of terms, G—1

diagnostics
at power—up, 7-1
channel diagnostics, 7-1

differential mode rejection. See normal
mode rejection

digital filter, definition, G-2
DIP switches, 1-2, 2-2
disabling a channel, 54
door label, 1-2

electrical noise, 3-3, 3-9

electrical specifications, A-1
electrostatic damage, 3-1

EMC Directive, 3~3

enabling a channel, 54

engineering units input, 5-6
environmental specifications, A-2
equipment required for installation, 2-1

errors, 7-3
channel-related errors, configuration
error, 7-3

detecting channel-related errors, 7-3
open circuit, 7-3
over-range error, 7-3
under-range error, 7-3

module—related errors, 7-4
conditions at power-up, 74

over-range error, 7-3

European Union Directives, 3-3
configuration word, 24

examples
basic application example, 8-1
how to address configuration word, «
how to address data word, 44
how to address status word, 4-4
how to use PID instruction, 6-3
scaling the data word, 5-8
supplementary application example, 84
using alarms to indicate status, 6-4

F

fault condition
at power-up, 1-3
during operation, 1-3

filter, definition, G-2

filter frequency, 4-7
definition, G-2
examining in status word, 5-13
setting in configuration word, 54

FSR. See full scale range
full scale error, definition, G-2
full scale range, definition, G-2

G

gain drift, definition, G-2
gain error. See full scale error

getting started, 2-1
procedure, 2-2
tools required, 2-1

H

hazardous environment classification, A-2
heat considerations, 3-3

ID code, 4-1,C-1
input channe! multiplexing, 1-4
input data scaling, definition, G-2

input device type, 5-3
examining in status word, 5-13
sefting in configuration word, 5-3

input devices
source impedance, 3-9
wiring, 3-9

input fiiter. See filter frequency
inputimage, 2-6
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See also status word and data word
definition, G2
input response to slot disabling, 4-6
input specifications, A-2
input types, A-2
installation, 3-1, 3-5
equipment required, 2~1
getting started, 2-1
heat and noise considerations, 3-3
location in chassis, 2-3, 3-2

L

LEDs, 1-2
channel status indicators, 1-2
module status indicator, 1-2
state tables, 7-2

local configuration, definition, G-2

LSB, 5-6
definition, G-2

memory map, 4-2, 4-3

module ID code, 2-4, 4-1, C-1
how to enter, 24, 4-1, C-1

module operation, 1-4

module scan time

definition, G2

minimizing, 5-4

fesponse to open circuit, 5-4
module status LED, 2-6

module update time
calculating, 4-5
definition, G-2
for number of channels enabled, 4-5
increased by reconfiguration, 5~4

multiplexer, definition, G-2
multiplexing, 1-4

N
negative decimal values, D~2
noise filtering, 4-7
normal mode rejection, definition, G-3

0]

open~circuit, 7-3
defining conditional state of channel data,
5-3

downscale enable, 5-3
upscale enable, 5-3
zero, 5-3
error condition, 7-3
fault detection bit, 5-14
module response to, 5-4, 5-13

operation
module, 1-4
system, 1-3

out-of-range error, 7-3
over-range error, 5-14
under-range error, 5-14

outputimage, 2-5, 4-3
definition, G-3

output response to slot disabling, 4-6

over—range error, 5-14
fault indicator bit, 5-14

P

physical specifications, A-1
PID input type, 5-6

PID instruction, 6-3

pinout diagram, 3-6
Positive Decimal Values, D-1
power requirements, 3-1
power-up sequence, 1-3

programming
alarms, 6-4
configuration settings, 2-5, 6-1
initial setting, 6-1
PID instruction, 6-3

proportional counts input, 56

R

reconfiguration time, 4-6

remote configuration, definition, G-3
removable terminal block, 1-2
removing the module, 3-4
resolution, definition, G-3

S

scaled-for—PID, 5-6

scaling, definition, G-3

scaling input data. See input data scaling
scan time, G-2

self-locking tabs, 1-2
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shield connections, 3-6, 3-9
slot disabling, 4-6
software, 2-4, 4-1, C-1
specifications, A-1
electrical, A-1
environmental, A-2
input, A-2
physical, A-1
star-up instructions, 2-1

status bit
channel enable, 1-3
fault condition, 1-3
time to reset, 4-6
time to set, 4-6

status LED. See channel status LED or

module status LED

status word

See also input image

addressing, 4-4

bit definition chart, 5-12

definition, G-3

module input image, 5-11
step response time

at filter frequency, 4-7

definition, G-3

in choosing filter frequency, 5-4

system operation, 1-3

T

terminal pinout diagram, 3-6
terminal wiring, 3-6

wiring inputs, 3-10
tools required for Installation, 2-1

transducer
definition, G-3
source impedance, 3-9
wiring, 3-10

troubleshooting
contacting Allen-Bradley, P-4
flowchart, 7-5
LED examination, 7-2

turn—off time, 4-6
turn—on time, 4-6

two's complement binary numbers, D-1

U

under-range error, 5-14
fault bit, 5-14

update time, 4-5

See also channel update time; module

update time
effects of filter time setting, 4-7
related to cutoff frequency, 4-8

w

wiring, 3-1
routing considerations, 3-3
terminal wiring, 3-6
shield connections, 3-9

worksheet, B-1
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Important User
Information

L s U L e

Because of the variety of uses for the products described in this (
publication, those responsible for the application and use of this |~
control equipment must satisfy themselves that all necessary steps
have been taken to assure that each application and use meets all
performance and safety requirements, including any applicable laws,
regulations, codes and standards.

The illustrations, charts, sample programs and layout examples
shown in this guide are intended solely for purposes of example.
Since there are many variables and requirements associated with any
particular installation, Allen-Bradley does not assume responsibility
or liability (to include intellectual property liability) for actual use
based upon the examples shown in this publication.

Allen-Bradley publication SGI-1.1, Safety Guidelines for the
Application, Installation, and Maintenance of Solid-State Control
(available from your local Allen-Bradley office), describes some
important differences between solid-state equipment and
electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this copyrighted publication, in
whole or in part, without written permission of Allen-Bradley

Company, Inc., is prohibited. €—<
e N

Throughout this manual we use notes to make you aware of safety )
considerations: .

ATTENTION: Identifies information about practices
or circumstances that can lead to personal injury or
death, property damage or economic loss.

Attention statements help you to:
o identify a hazard

e avoid the hazard

e recognize the consequences

Important:  Identifies information that is critical for successful
application and understanding of the product.

SLC. SLC 5/01. SLC 5/02. SLC 100, and SLC 500 are trademarks of Allen-Bradley Company., Jnc. 1
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Summary of Changes

Summary of Changes

The information below summarizes the changes to this manual since
the last printing as 1746-NM003, Series B in February 1994. This
manual incorporates the Document Update from October 1995.

release of the manual, we have included change bars as shown to the

To help you find new information and updated information in this
right of this paragraph.

New Information The table below lists sections that document new features and
additional information about existing features, and shows where to
find this new information.

For This New Information See
Quick Start for Experienced Users Chapter 2
Wiring S'chematlc for Single-ended Analog Input Chapter 3
Connections
CE Cerlification Chapter 3, Appendix A
Module Input and Qutput Circuits Appendix D
Updated Information Changes from the previous release that require you to perform a
procedure differently or that require different equipment are listed
below:

e Determining Your Power Requirements table — added specialty
and discrete 1/O modules (see chapter 3, Installing Your Analog
Module).

o Additional information added to Grounding Your Cable section
(see chapter 3, Installing Your Analog Module).

e Foil Shield and Drain Wire diagram, Figure 3.11, has been
modified (see chapter 3, Installing Your Analog Module).

Publication 1746-6.4 - January 1996



Table of Contents

Overview

Quick Start
for Experienced Users

Installing Your Analog
Module

Preface
Who Should UsethisManual . .........ccveveenvenennerees P-1
Purpose of thisManual . ... ...ovnernrrinnnenerrenrees P
Terms and Abbreviations ......ceeiinieiiie i P-2
Contentsof thisManual . ......ccveiiernaanerrrnenens P-6
Related Documentation ........covuernrresaerrnnenes P-6
Common Techniques Used in this Manual ........coveveenens P-7
Allen-Bradley SUPPOIt .. . ovvernrrnenaannnneirnnes P-8
Local Product SUPPOTt ..o vvveeevnnnennnnernnennenens P-8
Technical Product AsSiStance .. ........oeeernessnananaes P-8
Your Questions or Comments on this Manual . .............- P-8
Chapter 1
HowtoUSEANAIOg . .ovvvvnvenanernernnesnneonnnnnnnes 1-1
Types of AnalogModules . ......vvveeennemnneemneenrens 1-2
1746-N104| and NIO4V Analog Combination Modules ... ... 1-2
1746-NO4! and NO4V Analog Output Modules . ..........- 1-2
Chapter 2
Required Tools and Equipment . .......oouevncurnnenerees 2-1
PrOCEAUIES . .o v envennroosnssnnsssssssusnnsessnsnes 2-2
Chapter 3
European Union Directive Compliance . . .. ...covveverrenrees 3~
EMC DItECHVES ..o o vvvvvvrnnonnnunnnnrnassoeanssens 3~
Determining Your Power Requirements for a Modular Controfler ... 3-2
Determining Your Power Requirements for a Fixed Controller .. ... 33
Configuring YourModule . .....coovuvrnrreenanemnrenens 3-4
Switch Settings forthe 1746-Ni4 . .. ....ovvvevnnnrenees 3+
Switch Settings for the 1746-N1O4| and NIO4V . ..oevvvnnnn 3-5
External Power Switch for the 1746-NO4! and NO4V ........ 35
Choosing a Slotinthe Chassis .......cvveevvnnnnnreenes 3-6
Installing your Module ......cooevevieiniaranananrnenens 3-6
Removing the Analog Module Terminal BlocK csesvassssnne 37
Wiring Considerations .. ......ooeeeessanerarnncnnerees 3-8
System Wiring Guidelines .. .. ..oovvvevnernremeneeres 3-8
Grounding YourCable ........ociiiiiiiiiiiiiaienns 3-9
Determiningthe Cable Length . .. .. vvvvnvnernnnnnens 3-9
Wiring the Analog Module . . .. . oo vnvernnsnrnennennes 3-10
Labeling and Installing the Terminal Block ........coveevrees 3-12
Grounding the Foil Shields and Drain WIreS . ovvrvvcvnnrennns 312
Minimizing Electrical Noise on Analog Modules .....covovuvnns 3-14

Publication 1746-6.4 — January 1996



li Table of Contents
Module Operation and Chapter 4
SVStem Considerations Interface between the Module and the Processor .. ............ 4-2
EnteringModuleIDCodes ..............0vviirurnnnn 4-2
Addressing AnalogModules ..........ccciviinnininnn 4-2
-~ BitLevelAddressing ........coviviiiiiiiiineiinnn. 4-5
% Processor Update of AnalogData ... ...........c....... 4-6
2 Monitoring the Input and OutputData .................. 4-6
*5 Converting Analog InputData .............covuvunn... 4-7
}f Converting Analog OutputData . ...........covvvuvnnnn 4-8
- System Considerations ... ........c.iuiriiin e 4-10
Safe StateforOutputs ..........covviirvniinnnannn.. 4~10
Retentive Programming Option . ...................... 4-10
Retentive Analog Output Example ... ......oovvnnnnn.. 411
Non-Retentive Analog Output Example . ................ 4-11
During a Mode Change or PowerCycle ................. 4-12
Input Out-of-Range Detection ..........covviuvvnnnnn.. 412
ResponsetoSlotDisable ............ccvviiviinnnnnn. 4-14
Input Response to Slot Disable ...............ccvuvnns. 4-14
Output Response o SlotDisable . .. ................... 4-14
Input Channel Filtering ..........oovviiiiiininnnnn.. 4-15
7 Testing Your Module Chapter 5
& Testingthe SLC 500 SYStem . ... vvvvvvnt e erenennnnnnns 5-1
i Start-up Procedures . . ........ovviiiiiireiaineann.s 5-1
5 Inspect the AnalogModule . ...........ccvvuneunnnn.. 52
= Disconnect Prime Movers (Motion Devices) .............. 5-2
Power Upthe SLC500 System .. ...........c.cvnuunnn. 5-3
Testing AnalogInputs . .........ovvviiiinininninnnn. 5-4
Testing AnalogOutputs ..............c.cvvienunnnnnn 5-6
Programming Examples Chapter 6
Addressing, Out-of-Range Detection, and Scaling of Analog Inputs . 6-1
Calculating the Linear Relationship . ................... 6-2
Calculating the Out-of-Range Flag. ... ................. 6-2
UsingStandardMath ............cc0iviiiiiieieenannnn.. 64
Using SCL Instruction wusiswuswiwsissi o o svamaasmes saas 6-5
z Addressing and Scaling Outputs . .........covvuurninneens. 6-6
é Calculating the Linear Relationship . .. ................. 6-6
& UsingStandardMath . ...........ooriirrreeinnnss 6-8
& Scaling Offset when >32,767 or <=32,768 . . .. .........cun... 6-9
i Calculating the Linear Relationship . ................... 6-9
Calculating the Shifted Linear Relationship . . . ............ 6-10
Using Standard Math +.o.vevvvi oo ssivavevicisnanvsssses 6-11
Scaling and Range Checking of Analog Inputs and Outputs . . . .. .. 6-12
Calculating the Linear Relationship .................... 6-12

Publication 1746-6.4 - January 1996

D 1o o o L U S AP — o e T TP P . B Pa———




; "
| -

Table of Contents 1]

Maintenance and Safety

Specifications

Two’s Complement Binary
Numbers

Optional Analog Input
Software Calibration

Module Input and Output
Circuits

Using Standard Math Instructions . .....covvevvvnnienennnns 6-14
Scaling and Range Checking of Analog Inputs and Outputs . ... ... ... 6-15
Chapter 7
Preventative Maintenance ..........coveevenvennisannns 7-1
Safety Considerations When Troubleshooting . ............... 7-2
Appendix A
Analog Module Specifications ............ooviiiviiiienn A-1
General Specifications for NI4, NIO4l, NIO4V, NO4I, and NO4V ... A-1
General Analog Input Specifications for Ni4, NIO41, NIO4V ... ... A-2
Current-Loop Input Specifications for Ni4, NIO4l, and NIO4V ... ... A-3
Voltage Input Specifications for NI4, NIO41, and NIO4V . .......... A-3
Current Output Specifications for NIO4l andNO4l ............. A4
Voltage Output Specifications for NIO4V and NO4V ............ A-5
Appendix B
Positive Decimal Values .........cooveveveiiannnennns B-1
Negative Decimal Values ............coiviivnininnnn B-2
Appendix C
Calibrating an Analog InputChannel ............coovinnnnn. Cc-1
Calculating the Software Calibration .............cov.n. Cc-2
Procedure ......ovvviiinnnratrenaasiiiiiaanannns C-2
Example LadderDiagram .. .......cooiuiieiinnanannn C-3
Appendix D
Input Circuit for 1746-N14, -NIO4|, and -NIO4V Modules ......... D-1
Voltage Output Circuit for 1746-NIO4V Modules ............... D-1
Current Output Circuit for 1746-NIO41 Modules ............... D-1
Isolation Diagram .. .. vvvvvevennnnnnrenasasnnsnsssssonn D-2

Publication 1746-6.4 — January 1996



Preface

Who Should Use this
Manual

Purpose of this Manual

Preface

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

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

Use this manual if you are responsible for designing, installing,
programming, or troubleshooting control systems that use
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.

This manual is a reference guide for the analog modules. It
describes the procedures you use to install the analog modules and
integrate them into your SLC 500 system.

Publication 1746-6.4 - January 1986
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Terms and Abbreviations

Publication 1746-6.4 - January 1996

The following terms and abbreviations are specific to this product.
For a complete listing of Allen-Bradley terminology, refer to the
Allen-Bradley Industrial Automation Glossary, Publication Number
ICCG-7.1.

A/D Conversion — Generation of a digital value whose magnitude is
proportional to the instantaneous magnitude of an analog signal.

Channel - Refers to one of four small-signal analog input interfaces
available on the module’s terminal block. Each channel is
configured for connection to an RTD or potentiometer input device,
and has its own diagnostic status word.

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

Common Mode Rejection — For analog inputs, the maximum level
to which a common mode input voltage appears in the numerical
value read by the processor, expressed in dB.

Common Mode Voltage - For analog inputs, the voltage difference
between the negative terminal and analog common during normal
differential operation.

Common Mode Voltage Range — For analog inputs, the largest
voltage difference allowed between either the positive or negative
terminal and analog common during normal differential operation.

D/A Conversion — Generation of an analog signal whose
instantaneous magnitude is proportional to the magnitude of a digital
value.

Differential Operation — The difference in voltage between a
channel’s positive terminal and negative terminal.

Differential Voltage, Maximum — The largest voltage difference
allowed between the negative terminal and positive terminal during
normal differential operation.

Maximum Differential Voltage — The largest voltage difference
allowed between the negative terminal and positive terminal during
normal differential operation.

Full Scale - The magnitude of voltage or current over which normal
operation is permitted.

C
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Preface P-3

Gain ~ Ratio of output signal to input signal magnitudes. The
“gain” of an analog input or output is the scale factor which provides
the nominal conversion relationship. Typically, this is the slope of
the line when analog voltage or current is plotted versus the
corresponding digital codes. (see Gain Error.)

Gain Error - The “gain” of an analog input or output is the scale
factor which provides the nominal conversion relationship. Typically,
this is the slope of the line when analog voltage or current is plotted
versus the corresponding digital codes.

Figure P.1
Change in slope due to Gain Error
(exaggerated)
Actual Transfer Function —_ ’
e / Nominal Transfer
s Function

Gain error is the deviation of the scale factor or slope of the line
from the ideal or nominal value. Gain error is expressed in percent of
the input or output value.

Gain Error Drift — The effect of temperature on gain error is
expressed by gain error drift. As temperature varies from +25° C, the
possible gain error increases. The gain error drift is specified in
percent of input or output value /° C.

Least Significant Bit (LSB) — The digit (or bit) in a binary word
(code) that carries the smallest value of weight. For the analog
modules, 16-bit two’s complement binary codes are used in the I/O
image in the card.

For analog inputs, the LSB is defined as the rightmost bit, bit 0, of
the 16-bit field. For analog outputs, the two rightmost bits are not
significant, and the LSB is defined as the third bit from the right, bit
2, of the 16-bit field.

Publication 1746-6.4 - January 1996
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Linearity Error ~ An analog input or output is composed of a series
of voltage or current values corresponding to digital codes. For an
ideal analog input or output, the values lie in a straight line spaced by
a voltage or current corresponding to 1 LSB. Any deviation of the
converted input or actual output from this line is the linearity error of
the input or output. The linearity is expressed in percent of full scale
input or output.

Figure P.2
Varlation from straight line due to Linearity
Error (exaggeraled?
Aclua! Transfer Function /;f"
2 Nominal Transfer
i Function

Number of Significant Bits — The power of two that represents the
total number of completely different digital codes an analog signal
can be converted into or generated from.

Offset — The steady-state deviation of a controlled variable from a
fixed setpoint.

Offset Error - For analog inputs, the offset error is the non-zero
digital code when zero voltage or zero current is applied to the input
terminals. For analog outputs, the offset error is the non-zero digital
code required to produce zero voltage or current at the output
terminals.

Figure P.3
Offset Error (exaggerated)

Nominal Transfer Funclion

i ] Actual Transfer
. Function

Offset Error Drift — The effect of temperature on offset error is
expressed by offset error drift. As temperature varies from +25° C,
the possible offset error increases. The offset error drift is specified
in LSB /° C of full scale.
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Overall Accuracy - The worst case deviation of the output voltage
or current from the ideal over the full output range is the overall
accuracy. For inputs, the worst case deviation of the digital
representation of the input signal from the ideal over the full input
range is the overall accuracy. This is expressed in percent of full
scale.

Gain error, offset error, and linearity error all contribute to input and
output channel accuracy.

Repeatability — The closeness of agreement among repeated
measurements of the same variable under the same conditions.

Resolution — The nominal voltage or current increment that equals
the smallest change, step or level, detected or represented by the
analog channel.

Safe State — The state of the analog outputs entered when the
processor is not in RUN mode. The user must insure that this is a
safe state for the application.

Step Response — For inputs, the time required for the analog input
signal to reach 95% of its expected final value.

Update Time — For analog inputs, the time between updates to the
memory of the analog module of the digital value representing the
analog input signal.

For analog outputs, the time from the digital code being received at
the analog module to the analog output signal of the digital code
being output at the terminals of the output channel.

Publication 1746-6.4 — January 1996
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Contents of this Manual

Table P.A
Chapter Title Contents
Describes the purpose, background, and scope of
Preface this manual. Also specifies the audience for whom
this manual Is intended.
q Overview Describes how to use analog and the types of
analog modules.
Quick Start for Serves as a Quick Start Guide for the analog
2 .
Experienced Users module.
3 Installing and Wiring Your Describes how to wire and install analog modules.
Analog Module
4 Module Operation and Describes how the module operates in a SLC 500
System Considerations system and the application interface.
5 Tesling Your Module Describes how to test your module.
] Provides example programs depicling typical
) Programming Examples applications for the analog module.
7 Maintenance and Safety Provi_des p‘reventlve maintenance ideas and salety
considerations.
Appendix A Specifications Provides detailed technical specifications.
Appendix B 'T\lwo siComplementinaty Describes Two's Complement Binary Numbers.
umbers
Aopendix C Optional Analog Input Describes how to calibrate your module using
PP Software Calibration software offsets.
Appendix D piob lnptiand Gupue Intemal wiring of the module's /O circuits

Circuits

Related Documentation

The following documents contain additional information concerning
Allen-Bradley SLC™ and PLC® products. To obtain a copy, contact
your local Allen-Bradley office or distributor.

Publication 1746-6.4 ~ January 1996
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Table P.B
For Read This Document D;:;mb::t
An overview of the SLC 500 family of products SLC 500 System Overview 1747-2.30
A description on how to install and use your Modular SLC 500 | Installation & Operation Manual for Modular Hardware 174762
programmable controller Style Programmable Controllers )
A description on how to install and use your Fixed SLC 500 Installation & Operation Manual for Fixed Hardware 1747-NI001
programmable controller Style Programmable Controllers
A procedural manual for technical personnel whouse APSto | Allen-Bradley Advanced Programming Software (APS) 1747-6.4
develop conlro! applicalions User Manual )
A reference manual that contains status file data, instruction Allen-Bradley Advanced Programming Software (APS) 1747-6.11
sel, and troubleshooting information about APS Reference Manual )
An introduction to APS for first-time users, containing basic
concepts but focusing on simple tasks and exercises, and : . "
allowing the reader to begin programming in the shortest time Getting Started Guida for APS 174763
possible
A procedural and reference manual for technical personnel i ! A 3
who use an HHT to develop control applications Allen-Bradley Hand-Held Terminal User Manual 1747-NP002
An introduction to HHT for first-time users, containing basic
concepts but focusing on simple tasks and exercises, and . . .
allowing the reader to begin programming in the shortest time Ceting| taned Guidsiion HEF HSTNAG0S
possible
SLC 500 Software Programmer's Quick Reference
A training and quick reference guide to APS Guide Using APS—available on PASSPORT, list price | ABT-1747-TSG00t
of $50.00
- . . SLC 500 Troubleshooting Guide Using A.l. -

A training and quick reference guide to A.l. Series—available on PASSPORT, lst price of $50.00 ABT-1747-TSJ21

) SLC 500 Family Common Procedures Guide Using e 747
ACEmvAIproced esiguide IDIAKS APS—available on PASSPORT, list price of $50.00 | BT 17471590

. SLC 500 Family Common Procedures Guide Using A.l. P
A common procedures guide 1o A.. Series—available on PASSPORT, list price of $50.00 | /BT 1747TSS51
In-depth information on grounding and wiring Allen-Bradley Allen-Bradley Programmable Controller Grounding and 1770-4.1
programmable controllers Wiring Guidelines )
A description of important differences between solid-state
programmable controller products and hard-wired Application Considerations for Solid-State Controls SGI-1.1

electromechanical devices

Published by the

. A . . National Fire

:nu?nr::\ ;.)n wire sizes and types for grounding electrical National Electrical Code Protection
up Association of
Boston, MA.

A complete listing of current Allen-Bradley documentation,
including ordering instructions. Also indicates whether the Allen-Bradley Publication Index SD499
documents are available on CD-ROM or in multi-languages.
A glossary of industrial automation terms and abbreviations Allen-Bradley Industrial Automation Glossary AG-7.1
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Common Techniques Used in

this Manual

Allen-Bradley Support

Publication 1746-6.4 — January 1996

>

The following conventions are used throughout this manual:

e Bulleted lists such as this one provide information, not procedural
steps.

e Numbered lists provide sequential steps or hierarchical
information.

e [talic type is used for emphasis.

e Textinthis font indicates words or phrases you should type.

We also use this convention to call attention to helpful information.

Allen-Bradley offers support services worldwide, with over 75
Sales/Support Offices, 512 authorized Distributors and 260
authorized Systems Integrators located throughout the United States
alone, plus Allen-Bradley representatives in every major country in
the world.

Local Product Support

Contact your local Allen-Bradley representative for:

sales and order support

product technical training

warranty support

supportt service agreements

Technical Product Assistance

If you need to contact Allen-Bradley for technical assistance, please
review the information in the Troubleshooting chapter first. Then
call your local Allen-Bradley representative.

Your Questions or Comments on this Manual

If you find a problem with this manual, please notify us of it on the
enclosed Publication Problem Report.

If you have any suggestions for how this manual could be made
more useful to you, please contact us at the address below:

Allen-Bradley Company, Inc.

Automation Group

Technical Communication, Dept. 602V, T122
P.O. Box 2086

Milwaukee, W1 53201-2086




Chapter 1

How to Use Analog

Overview

This chapter describes how analog is used and provides two
application examples of analog. The types of available analog
modules and their related specifications are also described.

Analog refers to the representation of numerical quantities by the
measurement of continuous physical variables. Analog applications
are present in many forms. The following application shows a typical
use of analog.

In this application the processor controls the amount of fluid placed
in a holding tank by adjusting the percentage of the valve opening.
The valve is initially open 100%. As the fluid level in the tank
approaches the preset point, the processor modifies the output to
degrade closing the valve 90%, 80%, adjusting the valve to maintain
a set point.

Figure 1.1

Analog Output

-~

Valve l

Analog I/0
Level Sensor CPU Modul%

-—

Analog Input

—_—
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Types of Analog Modules 1746-N4 Analog Input Module
The 1746-NI4 Analog Input module contains 4 analog input
channels that are user selectable per channel for voltage or current to
support a variety of monitoring and controlling applications
1746-N104I and NIO4V Analog Combination Modules
The NIO4I and NIO4V Analog Combination I/O modules provide
two input and two output channels in a single slot module. The
1746-NIO4I module contains two current or voltage inputs (user
selectable per channel), and two current outputs. The 176-NIO4V
module contains two current or voltage inputs (user selectable per
channel) and two voltage outputs.
1746-N0O4l and NO4V Analog Output Modules
The NO4I and NO4V Analog Output Modules provide 4 analog
output channels. The NO4I module contains four current outputs.
The NO4V module contains four voltage outputs. Both of these
modules support a variety of monitoring and controlling
applications.
T Tablet A
Catalog | Input Channels per Uit Bk e ChiTen External 24V dc Power
1746- Module Ghannets per . Supply Tolerance
Module 5V (max.) 24V (max.)
4 differential, voltage
NI4 or current selectable NA 35 mA 85 mA NA
per channel, not
individually isolated
o cunel sl | 2041 ot
NIO4I ¢ notindividually | 55mA | 145mA | NA
per channel, not isolated
individually isolated
2 differential, voltage | 2 voltage
or current selectable | outputs, not
NIo4V per channel, not individuatly O A S e s
individually isolated | isolated
4 current outputs, 1100
NO4I | NA otindvicualy | Ssma | 195mA [ 2450 2T o e
isolated (21.8 10 26.4V o)
4 voltage
outputs, not 24 +10% at 145 mA max.
4 s
NO4V | NA individually SSmA [ 145MA | o a4y d)®
isolated

Publication 1746-6.4 - January 1996

@ Required for some applications if SLC 24V power Is ata premium.
For more specification information, refer to Appendix A.




Chapter 2

Required Tools and
Equipment

Quick Start
for Experienced Users

This chapter can help you to get started using analog. We base the
procedures here on the assumption that you have an understanding of
SLC 500 products. You should understand electronic process control
and be able to interpret the ladder logic instructions required to
generate the electronic signals that control your application.

Because it is a start-up guide for experienced users, this chapter does
not contain detailed explanations about the procedures listed. It
does, however, reference other chapters in this book where you can
get more information.

If you have any questions or are unfamiliar with the terms used or
concepts presented in the procedural steps, always read the
referenced chapters and other recommended documentation before
trying to apply the information.

This chapter:

o tells you what tools and equipment you need
e lists preliminary considerations

e describes when to configure the module

e explains how to install and wire the module
e discusses system power-up procedures

Have the following tools and equipment ready:
¢ small blade screwdriver

e an adequate length of communication cable (Belden 8761) for
your specific application. (See chapter 3, Installing and Wiring
Your Analog Module for maximum cable distances.)

® programming equipment

Publication 1746-6.4 - January 1996
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Procedures

analog module.

Quick Start
ICheck the contents of shipping box. Reference
Unpack the shipping box making sure that the contents include:
« Analog /O module (Catalog Number 1746- Series) -
euser manual (Publication 1746-6.4)
if the contents are incomplete, call your local Allen-Bradley representative for assistance.
-Determine your power requirements for the modular controller. Reference
Review the power requirements of your system to see that your chassis supports placement of the Chapter 3
(Installing and
< For modular style systems, calculate the total load on the system power supply using the procedure described in Wiring Your
the SLC Inslallation & Operation Manual for modular styla controllers (Publicalion Number 1747-6.2) or the SLC Analog Module)
500 Family System Overview (Publication Number 1747-2.30).
o For fixed SLC 500 controllers, refer to table 3.8 on page 3-3.
Appendix A
(Specilications)

Backplane Current
Catalog Number Draw Ex:;nal;:.\;l::a::;ver
5V (max.) 24V (max,) PP
1746-Ni4 35 mA 85mA NA
1746-NI04 55 mA 145 mA NA
1746-NIO4V 55 mA 115 mA NA
24 410% at 195 mA max.
1746-NO4| 55 mA 195 mA (21.6 to 264V dc)®
X 24 +10% at 145 mA max,
1746-NO4V 55 mA 145 mA (216 10 264V do)®

o Required for some applications.

Publication 1746-6.4 — January 1996




Quick Start 2-3

-Configure the module using the DIP switches (analog inputs only). Reference
Each analog input channel can be configured for either voltage or current. Locate the DIP Chapter 3
swilches on your module and set them for your application. (Installing and

Wiring Your
Analog Module)

ﬂ ON - Configures channel for current input

n Off - Configures channel for voltage input

Current

Switch 1 = Channel 0
1746-N14 3 L Switch 2 = Channel 1
V0000 |  Swich3 = Channel2

Switch 4 = Channel 3

Voltage

Current

1746-Ni0O4l, NIO4V Switch 1 = Channel 0

ol2
" U ﬂ Switch 2 = Channel 1

Voltage

Extemal

1746-NO4I, NO4y 24V dc Swi
Power
Seleclor

Backplane

Pubtication 1746-6.4 — January 1996
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2-4 Quick Start

lnstall your module. Reference
When selecting a slot for an analog module, position the module: Chapfer 3
«in a slot away from ac or high voltage dc modules (Installing and
«in the chassis closest to the bottom of the enclosure where the SLC 500 system is installed Wiring Your
« away from the chassis power supply if installed in a modular system Analog Module)

modules with power applied to the chassis or

c ATTENTION: Never install, remove, or wire
devices wired to the module.

Make sure system power is off; then insert the analog moduls into your 1746 chassis.
In this example procadurs, local slot 1 is selected.

Top and Bottom Module
Release(s)

Publlcation 1746-6.4 - January 1996
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Quick Start 2-5

mire the module. Reference
Chapter 3
Important:  Follow these guidelines when wiring the module. (Installing and
« Use shielded communication cable (Belden 8761) and keep length as short as Wirlng Your
possible. Analog Module)
« Connect only one end of the cable shield to earth ground.
« Channels are not isolated from each other. All analog commons are connected
together intemally,
« The module does not provide power for analog inputs.
«Use a power supply that matches the transmitter (sensor) specifications.
NI4 an:-lo
sourcg L— 00| N0+
ground 20| ANLCOM
30| N1+
4 IN1-
ANL COM
IN2 +
ground 78 IN2 -
Jumper unused BO ANL COM
inputs. 9 IN3+
100| IN3-
110} ANL COM
NIO4l & NIO4V a:alog
00| INO+
— 10| INO-
i 20| ANLCOM
groun 30| IN1+
Jumper unused[~| 4O| IN1-
inputs, 50| ANLCOM
not used
ouToQ
ANL COM
ground Do not jumper| 10O BoLtrFiEd
24V dc power supp unused outputs.| 11O} ANL COM
NO4l & NO4V  external power is se ected
Cable length from external
24V dc power surply lo analog |— Ext.pwr. 00| +24V de
module must be less than 10m. sup. —— 10| dcCOM
OuTOo
ANL COM
OuT1
ANL COM
OouT 2
- ANL COM
' 60| out3
Analog commons are intemally connected ground Do not jumper
in the module. Channels are got isolated unused oulputs. 7O| ANL COM

from each other.

Publication 1746-6.4 - January 1996
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2-6 Quick Start

Configure system VO configuration. Reference
. . . Chapter 4
Configure your system VO configuration for the particular slot the analog module is in. When ;
) . . . (Module Operation
assigning an VO module to a slot location, select the module from the displayed ist. If not listed, and System
select OTHER at the bottom of the list and enter the module's 1D code at the prompt. Considerations)
Catalog No. Module ID Code
1746-NI4 4401
1746-NIO4I 3201
1746-NIO4V 3202
1746-NO4| 5401
1746-NO4V 5402
Check that the module is operating correctiy. Reference
Chapter 5
ATTENTION: Machine motion during system (Testing Your
checkout can be hazardous to personnel. During Module)

all checkout procedures, you must disconnect all
devices-which;-when-energized; might cause
machine motion.

Apply power to the fixed or modular system. The analog module LED (red) should be illuminated,
indicating that the module is receiving 24V dc power.

Publication 1746-6.4 — January 1996




Quick Start

2-7

\) “ Understanding analog inputs. Reference
Chapter 4
Analog Inputs convert current and voltage signals into 16-bit (max.) integer values and place them in {MO:’;?S% ree rr:tion
the Input image for the slot that the analog madule resides in. Considerations)
Address Ni4 Address NIO4l, NIO4V
le.0 Input Channel 0 l:e.0 Input Channel 0
l.ed Input Channel 1 l.e.d Input Channel 1
l.e.2 Input Channel 2
l.e.d Input Channe! 3
e=slot number
Voltage/Current Integer
Range Representation
-10Vdcto+10Vdc | -32,768 o +32,767
0to 10V dc 010 32,767£10V dc
0to5Vdc 010 16,384
1105V dc 3,277 10 16,384
-20mAto +20 mA | -16,384 10 +16,384
,gr) 0t020 mA 010 16,3841+20 mA
: 41020 mA 3,277 10 16,384
- Understanding analog outputs. Reference
Chapler 4
Analog outputs convert 16-bit integer values placed in the output image to voltage or current signals (M‘):,;Zes?g teer’:;l,t/on
for the slot that the analog card is in. Considerations)
Address NO4 Address NIO4I, NIO4V
00 Output Channel 0 Qe0 Qutput Channel 0
Oe.1 Output Channel 1 Oe.1 Output Channel 1
0.2 Output Channel 2
Ol Oulput Channel 3
NO4, NIO4! NO4V, NIO4V
Decimal Representation for Decimal Representation for
Current Range Output Word Voltage Range Output Word
Oto21 mA 01032,764 ~10to +10Vdc | -32,768 to 432,764
010 20 mA 010 31, 208 Oto10Vde 010 32,764
41020 mA 6,242 to 31,208 Oto5Vdc 0to 16,364
1to5Vde 3,277 to 16,384

Y R T R UL A AT Nl T et L M S sl R I S S T
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2-8 Quick Start

“ Write ladder logic to process the module’s analog data. Reference
Chapter 5
Several programming examples are provided in chapter 6 that demonstrate how to scale the raw (Testing Your

data from the analog card into engineering units such as psi, percent, etc. Study these examples and Module)

apply them to your application as appropriate.

Chapter 6
(Programming

Examples)

Publication 1746-6.4 ~ January 1996




Chapter 3

oy

L Installing and Wiring Your
Analog Module

To obtain the maximum performance from an analog module, proper
module installation is imperative. This chapter describes the
procedures that you must follow to install the analog module in an
SLC 500 system. The following items are described:

e European Union Directive Compliance
e determining your power requirements
e configuring your module
e selecting a slot in the chassis
e installing your module
e wiring considerations

—~ system wiring guidelines

- grounding your cable

~ determining the cable length

e wiring the analog module

f) ® minimizing electrical noise on the analog module
European Union Directive If this product is installed within the European Union or EEA
Comphance regions and has the CE mark, the following regulations apply.

EMC Directives

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 50081-2
EMC - Generic Emission Standard, Part 2 — Industrial
Environment
e EN 50082-2
EMC - Generic Immunity Standard, Part 2 — Industrial
Environment

This product is intended for use in an industrial environment.

Publication 1746-6.4 — January 1996



3-2 Installing and Wirlng Your Analog Module

Determining Your Power
Requirements for a
Modular Controller

Publication 1746-6.4 - January 1996

Analog modules require both 5V dc and 24V dc power from the t
backplane of the SLC 500 system. However, the NO4I and NO4V

analog modules can use an external 24V dc power supply. This

eliminates the 24V dc backplane power requirement, providing

configuration flexibility if SLC power supply loading is critical.

These two modules provide user-supplied external 24V dc power

supply connections. @

The following table shows the power requirements for each analog
module using backplane power. Use this table to calculate the total
load on the modular system power supply. For more information
refer to the Installation & Operation Manual for modular controllers.

Important:  The analog modules do not supply loop power for the
input device. You must supply the appropriate loop
power for loop-powered input devices.

Table 3.A
Catalog Number 5 Volt Current 24 Volt Current
1746-N14 35 mA 85mA
1746-NIO4I 55 mA 145 mA
1746-NI04V 55.mA 115 mA
1746-NOA4| 55 mA 195 mA® €__
1746-NO4V 55 mA 145 mA® %

® The 24V dc user power connection on a fixed SLC 500 can
power an NO4I or NO4V analog module. However, the
regulation of the 24V dc user connection on a modular SLC 500
power supply, Catalog Number 1746-P1, -P2, -P4 is outside of
the requirements of the NO41 and NO4V analog modules and
cannot be used.

@ Omit these values from your SLC power supply loading
calculations if you decide to use an external power supply.
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Configuring Your Module
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Important:  The NO41 and NO4V modules provide user supplied
external 24V dc power supply connections. When the
NO4I module is used in a fixed controller, you must
provide an external power supply.

When the NO4I or NO4V is used with an external 24V dc power
supply and is placed in a fixed controller expansion chassis, it is
compatible with those modules noted in the compatibility chart on
the previous page.CD When set for external power, the module will
only draw the 5V current off the backplane. Refer to the next section
for details on how to configure your module for external power.

® The 24V dc user power connection on a fixed SLC 500 can
power an NO4I or NO4V analog module. However, the
regulation of the 24V dc user connection on a modular SLC 500
power supply, Catalog Number 1746-P1, -P2, and -P4 is outside
of the requirements of the NO4I and NO4V analog modules and
cannot be used.

The NI4, NIO4I and NIO4V analog modules have user selectable
DIP switch settings which allow you to configure the input channels
as either current or voltage inputs. The switches are located on the
analog module board. The following illustration shows the ON and
OFF switch settings. Switch orientation is also provided on the
nameplate of the module.

Figure 3.1
ﬂ ON - Configures channel for current input

u OFF ~ Configures channel for voltage input

ATTENTION: Care should be taken to avoid
connecting a voltage source to a channel configured for
current input. Improper module operation or damage
to the module can occur.

Switch Settings for the 1746-Nl4

The NI4 has 4 individual DIP switches that control the input mode of
input channels 0 through 3. A switch in the ON position configures
the channel for current input. A switch in the OFF position
configures the channel for voltage input.
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Figure 3.2

Current

azi] g guns
Wwilch 2 = Lhannel
sa800

Switch 3 = Channel 2
Switch 4 = Channel 3

Voltage

Switch Settings for the 1746-N104l and -N104V

The NIO4I and NIO4V have 2 individual switches labeled 1 and 2.
These switches control the input mode of input channel 0 and 1. A
switch in the ON position configures the channel for current input. A
switch in the OFF position configures the channel for voltage input.

Figure 3.3
Current

ol2 Switch 1 = Channel 0
\ A0l Switch 2 =Channel 1

Voltage

External Power Switch for the 1746-NO4l and -NO4V

The NO4I and NO4V analog output modules have an external

24V dc power switch, SW1, which gives you the option of using an
external power supply.(D In the UP position, power is drawn from an
external power source. In the DOWN position, power is drawn from
the backplane of the module. The switch is located on the analog
module board. Switch orientation is also provided on the nameplate
of the module.

Figure 3.4
External
24V dc Swi
Power
Selector
Backplane

® The 24V dc user power connection on a fixed SLC 500 can -
power an NO4I or NO4V analog module. However, the
regulation of the 24V dc user connection on a modular SLC 500
power supply, Catalog Number 1746-P1, -P2, is outside of the
requirements of the NO4I and NO4V analog modules and
cannot be used.

Publication 1746-6.4 - January 1996



3-6 Installing and Wiring Your Analog Module

Choosing a Slot in the
Chassis

Installing Your Module

Publication 1746-6.4 ~ January 1886

Two factors determine where the analog module should be located in
the chassis: ambient temperature and electrical noise. Consider the
following conditions when selecting a slot for an analog module.
Position the module:

e in a slot away from ac or high voltage dc module

o in the chassis closest to the bottom of the enclosure where the
SLC 500 system is installed

e away from the chassis power supply if installed in a modular
system

All modules are mounted in a single slot. Remember that in a
modular system the processor always occupies the first slot of the
first chassis.

When installing the analog 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.

ATTENTION: Never install, remove, or wire
modules with power applied to the chassis. Also, do
not expose analog modules to surfaces or other areas
that may typically hold an electrostatic charge.
Electrostatic charges can destroy the analog circuitry.

Figure 3.5

Terminal Block
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Removing the Analog Module Terminal Block
To remove the terminal block, grasp it on the top and bottom and
pull outward and down.

Important:  The potentiometer sets the voltage during factory
calibration to 2.5 volts, It is set and sealed at the factory
and does not require any adjustments.

1. Verify that all switches are set correctly for the application.

ATTENTION: Care should be taken to avoid
connecting a voltage source to a channel configured for
a current input.

2. Align the circuit board of the analog module with the card guide
of the chassis (Figure 3.6).

3. Slide the module in until both top and bottom retaining clips are
secured.

4. To remove the module, depress the retaining clips at the top and
bottom of the module and slide the module out.

Figure 3.6

Top and Bottom Module Release(s)

L]
aun
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Wiring Considerations
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The following section provides system wiring guidelines, how to (
ground your Belden cable, and how to determine the cable length.

ATTENTION: Before wiring any analog module,
disconnect power from the SLC 500 system and from
any other source to the analog module.

System Wiring Guidelines

Use the following guidelines in planning the system wiring for the
analog modules:

e all analog common terminals (ANL COM) are electrically

connected inside the module. ANL COM is not connected to
earth ground inside the module.

voltages on IN+ and IN- terminals must remain within £ 20 Volts

with respect to ANL COM to ensure proper input channel

operation. This is true for current and voltage input channel

operation.

voltage outputs (OUT 0 and OUT 1) of the NIO4V and NO4V

are referenced to ANL COM. Load resistance (R1) for a voltage )
output channel must be equal to or greater than 1K ohms. E__
current output channels (OUT 0 and OUT 1) of the NIO4I and it
NOAI source current that returns to ANL COM. Load resistance

(R1) for a current output channel must remain between 0 and 500
ohms.
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Grounding Your Cable

Belden cable #8761 has two signal wires (black and clear), one drain
wire and a foil shield. Refer to Figure 3.7. The drain wire and foil
shield must be grounded at one end of the cable. Do not earth ground
the drain wire and foil shield at both ends of the cable.

Input Channel - Use a chassis mounting tab as a ground for the
drain wire and foil shield.

Output Channel — Ground the drain wire and foil shield at the
analog load.

Important: If you cannot ground the output channel at the load,
ground the drain wire and foil shield at the chassis
mounting tab. Do not connect the foil shield or drain
wire to the analog terminal block. They must be
connected to an earth ground, which is not provided at
the analog module.

Figure 3.7
Belden Cable #8761

Foil Shield

_/ BlackWire

Insulation

Clear Wire Drain Wire

Determining the Cable Length

Determine the length of cable you will need to connect a channel to
its input or output device. Remember to leave additional length to
route the drain wire and foil shield for earth grounding.

Publication 1746-6.4 - January 1996
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Wiring the Analog Module
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After the analog module is properly installed in the chassis, use the ‘A
following wiring procedure. Belden cable #8761 is recommended

when wiring analog modules. This section assumes that you have

properly installed the analog module.

ATTENTION: Before wiring any analog module,
disconnect power from the SLC 500 system and from
any other source to the analog module.

To wire your analog module follow these steps and refer to Figures
3.8 and 3.9.

1.

Designate the end of the cable where the drain wire and foil
shield is earth grounded as END 1. Designate the other end as
END 2.

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

Trim the signal wires to 2 inch lengths. Strip about 3/16 inch
(4.76mm) of insulation away to expose the end of the wire.

At End 1, twist the drain wire and foil shield together, bend them ‘ ' ‘
away from the cable, and apply shrink wrap. i

At End 2, cut the drain wire and foil shield back to the cable and
apply shrink wrap.

Connect the signal wires (black and clear) to the terminal block
and the input and output devices. The recommended maximum
torque is 5 1b.-in (0.565 NM) for all terminals.

e If the foil shield and drain wire of the channel are grounded at
the sourcing device, make sure End 2 of the cable is connected
to the terminal block.

e If the foil shield and drain wire are grounded at the chassis
mounting tab, make sure End 1 is connected to the terminal
block.

Repeat steps 1 through 6 for each channel on the analog module.

Jumper the unused plus (+), minus (=) and common terminals of

each input channel individually. Unused output and common

terminals should be left unconnected.
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Figures 3.8 and 3.9 depict the proper cable preparation for END 1
and END 2. Shrink wrap is applied to each cable end. Make sure the
foil shield and drain wires on END 1 are long enough to reach their
designated earth ground points.

Figure 3.8

Cable Preparation
END 1

Foil Shield and Drain Wire

/ Black Wire

Insulation

Clear Wire

Figure 3.9
END 2

Insulation / Black Wire

Clear Wire

Publication 1746-6.4 - January 1936
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Labeling and Installing the The terminal block has a write-on label. Labeling the terminal block ( '
Terminal Block will help ensure that it is installed on the correct module. :
Figure 3.10
Terminal Block

Note: The black dot on the terminal block
label indicates the position of terminal 0.

Once you have wired your analog module and properly labeled the
terminal block, install the terminal block on the analog module. To
install the terminal block:

1. Align the terminal block with the receptacle.

2. Insert the terminal block and press firmly at the top and bottom
until it is properly secured.

Grounding the Foil Shields You are now ready to earth ground your foil shield and drain wire

and Drain Wires from each cable. Do not connect the foil shield or drain wire to the
analog module terminal block. The foil shield and drain wire must be
connected to earth ground, which is not available on the terminal
block. Refer to Figure 3.11 for wiring diagrams of the analog

modaules.

Publication 1746-6.4 - January 1996
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Figure 3.11

Wirlng Diagram
(showing ditferential inputs)

Ni4 +|
analo
sourcg 00| INO+
- 10| INO-
2 O| ANLCOM
N 30| INT+
analog 40| IN1-
5 O| ANLCOM
- earth
ground 6 O IN2+
E 70| IN2-
Jumper uinused 8 O| ANLCOM
TP 9 O| IN3+
10 O IN3-
11 O | ANLCOM
NiO4l & NIO4V "I'—|
sourcs 00| INo+
- 10]INO-
2 O| ANLCOM
3O|IN1+
Jumperqnusctad E 40| IN1-
5.
o 5 O| ANLCOM
"1 6 O| notused
— 70| outo
8 O| ANLCOM
pround Do not jumper 18 8 g(ﬁ.;.'ied
unused oulputs.
11 O| ANLCOM
NO4l & NO4Y 24V dc power suppiY if
2 g’rnzln pol\;?r is se );cted‘
able length fromexternal | e~ ----- .
24V de pogwar squy to analog ' Ext pw. ——— 0 O| +24Vdc
module must be less than 10m. ; _Sl_lp_ . ——— 1 O] dcCOM
[——
&&Iﬂl [ 00| outo
1 O| ANL COM
20| OUT1
| | 3 O| ANLCOM
| Load! 4 Q| OUT2
5 O | ANLCOM
ground Do notjumper | 6 O | OUT3
unused outputs. | 7 O | ANL COM

Analog commons are internally connected
in the module. Channels are not isolated
from each other.
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Figure 3.12 (
Wiring Schematics for 2, 3, and 4-Wire Analog Input Devices
Important: The module does not provide loop power for analog inputs.
Use a power supply that matches the transmitter specifications.
: 2-Wire Transmitter —
: " Transmitter S—
: TR A Module
{ - Power + Or =0 . O ANGE T
; e I O ANLCOM
: = 1
3-Wire Transmitter _'Trknérr_llﬂer
Supply - Signal
e — GND Module
Power +O = O IN +
Supply -? s O IN -
s | O ANLCOM
=
4-Wire Transmitter
Transmitter
Supply = Signal Module
Power + -0+ + N +
Supply _ O- - IN -
g O ANLCOM
i1 -
4 ]
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Flgure 3.13

Wiring Schematic for Single-ended Analog Input
Connections

When wiring single-ended analog input devices to the analog input card, the number of tolal wires

necessary can be limited by using the ANALOG COMMON terminal. Note that differential inputs are
more immune to noise than single-ended inpuls.

Power +
Supply - O

Transmittet
*. Signal

N4

@)

Transmitter
+  Signal

O INO+

LO INO-
LO ANL COM

Transmitter
+  Signal

O N1+
O IN1-
O ANL COM

@)

Transmitter

Supply Signal

+ Ground

O ()

O N2+

O IN2-
O ANL COM

IN3 +

L_ O IN3-
O ANL COM
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Minimizing Electrical
Noise on Analog Modules

Publication 1746-6.4 —January 1996

Inputs on analog modules employ digital high frequency filters that
significantly reduce the effects of electrical noise on input signals.
However, because of the variety of applications and environments
where analog modules are installed and operating, it is impossible to
ensure that all environmental noise will be removed by the input
filters.

Although it is not the purpose of this manual to address SLC 500
system procedures, several specific steps can be taken to help reduce
the effects of environmental noise on analog signals:

e install the SLC 500 system in a properly rated (i.e., NEMA)
enclosure. Make sure that the SLC 500 system is properly
grounded.

e use Belden cable #8761 for wiring the analog modules making
sure that the drain wire and foil shield are properly earth
grounded.

e route the Belden cable separate from any other wiring. Additional
noise immunity can be obtained by routing the cables in grounded
conduit.

e group analog and low voltage dc modules away from ac I/O or
high voltage dc modules.

A system may malfunction due to a change in the operating
environment after a period of time. We recommend periodically
checking system operation, particularly when new machinery or
other noise sources are installed near the SLC 500 system. For
further details on system installation and startup refer to:

e Modular Hardware Style Installation & Operation Manual
e Fixed Hardware Style Installation & Operation Manual

o Safety Guidelines for the Application, Installation Maintenance
of Solid State Control — A-B Publication SGI-1.1.
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Chapter 4

Module Operation and System
Considerations

After successfully installing your analog module, consider its
operation within the SLC 500 system and in a specific application.
This chapter describes:

Interface between the Module and Processor

entering module ID codes
addressing analog modules
processor update of analog data
monitoring the input and output data
converting analog inputs

converting analog outputs

System Considerations

safe state for outputs
retentive programming
input out-of-range detection
response to slot disable
input channel filtering
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Interface between the This section describes how to set up an analog module in a SLC 500 (
Module and the Processor system.

Entering Module ID Codes

When configuring an analog module for an SLC 500 system using
your programming software, a list of the different [/O modules,
including the analog modules, is most likely provided for you. Ifa
list is not provided, you need to enter the module identification code
when configuring the slot. Refer to the table below for the
appropriate analog module ID code.

Using the Hand-Held Terminal (HHT) firnware v1.1, enter the
proper MODULE ID CODE under the “other” selection. Version 2.0
or later of the HHT firmware provides a list of /O modules. Refer to
the following publications for complete information:

e your programming software’s user manual
e the Hand-Held Terminal User Manual

Table 4.A
Catalog No. Module 1D Code
1746-Ni4 4401

1746-NI0dI 3201 G-
1746-NIOAV 3202 [
1746-NO#! 5401
: 1746-NOAV 5402
t

Addressing Analog Modules

NI4 — Each input channel of the NI4 is addressed as a single word in
the input image table. The NI4 uses a total of 4 words in the input
image table. The converted values from channels O through 3 are
addressed as input words 0 through 3 respectively for the slot where
the module resides.

Example - If you want to address input channel 2 of the NI4 in slot
4, you would address it as input word 2 in slot 4 (I:4.2).

NIO4I and NIO4V — Each input channel of the NIO4I and NIO4V
is addressed as a single word in the input image table and each
output channel of the module is addressed as a single word in the
output image table. Both the NIO4I and N 104V use a total of 2 input
words and 2 output words.

The converted input values from input channels 0 and 1 are

addressed as words 0 and 1 of the slot where the module resides. The C‘
output values for the output channels 0 and 1 are addressed as output

words 0 and 1 of the slot where the module resides.

| s R Rt )
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Example — If you want to address output channel 0 of the NIO41 in
slot 3, you would address it as output word 0 in slot 3 (0:3.0).

NO4I and NO4V — Each output channel of the NO4I and NO4V is
addressed as a single word in the output image table. Both modules
use a total of 4 output words. The converted output values from
output channels 0 through 3 are addressed as words 0 through 3
respectively for the slot where the module resides.

Example — If you want to address output channel 3 of the NO4I in
slot 3, you would address it as output word 3 in slot 3 (0:3.3).

Publication 1746-6.4 - January 1996
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Figure 4.1 shows I/O addressing for the analog modules.

Flgure 4,1
Addressing your Module
SLC 500
SLC 5/01 or 5/02
P Data Files
14
# : fl)utpu‘l
i3 mage
¢ i 1746-N14 Address
i Inout Analog Input Module
: | ggge _.-1 InputChannel0 | Word0  le.0
R i bt 17 Input Channel1 | Word1 e
Siote —— S —— Image nput Channe or .
'''''''' dwords | . Input Channel2 | Word2  le.2
e Input Channel3 | Word3  le3
Bit 15 Bit0
1746-NIO41 & NIO4V
gtg 2/%01 or 6002 Analog Combination Modules
Data Files Address
......... Oulput Oulput | - - = - - OutputChannel 0 | Word0  O:e.0
Slote |——® Scan —® | Image2|
" oupt words === OutputChannel1 | Word1  O:e.
Image Bit 15 Bit0
[~ “Slote | Input Input | __ .- -+ .
_________ +— g, *— image 2 [ Input Channel0 | Word0  Le.0
,mg;; words ==~ --J Input Channel1 | Word1  Le.1
Bit 15 Bit0
SLC 500 1746-NO4I & NO4V
SLC 5/01 or 5/02 Analog Output Modules Address
Data Files _. -1 OutputChannel 0 | Word0  0:e.0
--------- Output Output [~ 3
Slote | — g gean ——B> Image Output Channel 1 | Word1  Oce.1
-------- 4
%‘;%Lg e . Output Channel 2 | Word2  Oe.2
. Output Channe! 3 | Word3  0Q:e.3
i Bit 15 Bit0
i -3 Image
zﬁ e = slot # of module
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1746-Ni4

le.0

le.

l.e.2

l.e.d

1746-N104! & NIO4V

0.0

Oe.1

l:e.0

led

1746-NO4I & NO4Y

Qe.0

(0)CR |

0.2

03

Bit Level Addressing

The following bit maps show bit level addressing for the analog
inputs and outputs. The input channel converter resolution is 16 bits,
or 1 word. The output channel converter resolution is 14 bits and is
loaded from the most significant 14 bits of the associated output

word.

The two least significant bits (O:e.0/0 and O:e.0/1) of the output
word have no effect on the actual output value.

Figure 4.2
msb Isb
CHOINPUT
5 14 13 12 11 10 9 8 7 3 2 1 0
. CH1INPUT |
5 14 13 12 11 10 9 8 7 3 2 1 0
CH2INPUT
15 14 13 122 1 10 9 8 7 3 2 1 0
. CH3INPUT
15 14 13 12 11 10 9 8 7 3 2 1 0
msb Isb
, . CHO QUTPUT X X
15 14 13 1 11 10 9 8 7 3 2 1 0
. _ CH10UTPUT X X
%5 14 18 12 11 10 9 8 7 3 2 1 0
msb Isb
. CHOINPUT
15 14 13 12 11 10 3§ 8 7 3 2 1 0
CH1INPUT
5 14 13 12 11 10 9 8 7 3 2 1 0
msb Isb
. ,CHOQUTPUT X | X
15 14 13 12 11 10 9 8 7 3 2 1 0
. ,CH 1 QUTPUT X | X
15 14 13 12 11 10 9 8 7 3 2 1 0
. .CH20QUTPUT X | X
15 14 13 12 11 10 9 8 7 3 2 1 0
; , CH3 QUTPUT X1 X
15 14 13 12 11 10 9 8 7 3 2 1 0

e = slot # of module

x= bit not used
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Processor Update of Analog Data ( )

The analog input and output data is updated by the processor once
during each scan of the user program. The table below shows typical
analog update scan times and the number of input and output bits for
the specified modules.

If an application requires processor updates of the analog data more
frequently than once per scan, use an Immediate Input or an
Immediate Output instruction. An Immediate Input or Output
instruction typically updates 16 bits (or 1 analog channel) in 1
millisecond.

Refer to your programming software’s user manual or Hand-Held
Terminal User Manual for more information.

Table 4.8

Typical Time for Analog Data Updates
to the Processor’s Input and Output Image

Once per processor scan 10 milliseconds for typical
(Automatic) 1K program

Using immediate Input or Output 1 millisecond per analog
Instruction channel

Table 4.C 6.
Number of Input and Output Bits 5
Representing Analog Data

Description Input Bits Output Bits
N4 64 -

NI40I and NIO4V
(2 input and 2 Output 32 32
channels)

NO4I and NO4V = 64

Monitoring the Input and Output Data

The analog input and output data can be monitored in several
different radices using your programming software. Viewing the
radix as decimal allows the analog input and output data to be
viewed as decimal representations of integer words.

When monitoring in binary radix, data is viewed in two’s
complement representation for negative values. A description of
two’s complement data is available in Appendix B.

If you are using the Hand-Held Terminal (HHT) or the Data Table

Access Module (DTAM) to monitor input and output data, the binary

radix is the only available option. To view the analog input and

output data in decimal radix, the data must be moved to an integer C
data file.
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Converting Analog Input Data

Analog inputs convert current and voltage signals into 16 bit two’s
complement binary values.

The table below identifies the current and voltage input ranges for
the input channels, the number of significant bits for the applications
using input ranges less than full scale, and their resolution

Table 4.0
Voltage/Current Range Decimal Number of Signlﬂcant' Resalution per
Representation Bits LSB
-10V dc to +10V dc - -32,768 to +32,767 16 bits
1LSB
010 10V dc-1LSB 010 32,767 15 bits 305.176 uV
Oto5Vdc 0to 16,384 14 bils
1lo5Vde 3,277 t0 16,384 13.67 bits
-20 mA fo +20 mA ~16,384 to +16,384 15 bits
Oto+20 mA 0to 16,384 14 bits 1.22070 pA
410 +20 mA 3,277 t0 16,384 13.67 bits

To determine an approximate voltage that an input value represents
use one of the following equations:

i (1) o
32768 X input value™ = input voltage(V)

®The Input Value is the decimal value of the word in the
input image for the corresponding analog input.

For example, if an input value of -16,021 is in the input
image, the calculated input voltage is:

o N
32768 X ~16:201=-4.889221(V)

It should be noted that this is the calculaled value, The

aclual value may vary within the accuracy limitations of the
module.

To determine an approximate current that an input value represents,
you can use the following equation:

"128:13%%' X input value® = input current (mA)

@The Input Value is the decimal value of the word in the
input image for the corresponding analog input.

For example, if an input value of 4096 Is in the input image,
the calculated input current is:

~20mA B
l6384 X 4096 =5(ma)

It should be noted that this is the calculated value. The

actual value may vary within the accuracy limitations of
the module.

Publication 1746-6.4 — January 1996
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Converting Analog Output Data

Analog outputs convert a 16 bit two’s complement binary value into
an analog output signal. Because the analog output channels have a
14 bit converter, the 14 most significant bits of this 16 bit number are
the bits that the output channel converts.

The NIO4I and NOA4I support two and four current outputs
respectively, ranging from 0 mA to a maximum of 21 mA. The
NIO4V and NO4V support two and four voltage outputs
respectively, ranging from —10 to +10 Volts dc.

The following tables identify the current and voltage output ranges
for the output channels, the number of significant bits for the
applications using output ranges less than full scale, and their

resolution.

Table 4.E Analog Output Conversion NIO4 and NO4I

Current Range Decimal Number of Resolution per
Representation for Signiticant Bits LSB
Output Word
Oto21 mA-1LSB 0o +32,764 13 bits
Oto+20 mA 010 431,208 12.92 bits 256348 pA
410 +20 mA 6,242 to +31,208 12.6 bits
Table 4.F Analog Output Conversion NIO4V and NO4V
Voltage Range Decimal Number of Resolution per LSB
Representation for Significant
Output Word Bits
-10 o +10V dc -32,768 to +32,764 14 bits
-1LSB
0to+10Vdc 010 +32,764 13 bits
-1LSB 122070 mV
0to5Vde 0to +16,384 12 bils
1to5V de +3,277 t0 +16,384 11.67 bits

P ——
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Use the following equation to determine the decimal value for the
current output:

g?;? x Desired Current Qutput (mA) = Output Decimal Value

For example, if an output value of 4 mA is desired, the value lo be put in the
corresponding word in the oulput image can be calculated as follows:

32,768
5,00 =
21 mA X 4 mA = 6242

Note: The actual resolution for analog current outpuls is 2.56348 pA per LSB,
where the LSB position in the output word is indicated as:

LSB

X
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

X = Bit Not Used

Use the following equation to determine the decimal value for the
voltage output:

32,768 . ’
TJovde X Desired Voltage Output (V dc) = Output Decimal Value

For example, if an output value of 1V dc is desired, the value to be put in the
corresponding word in the output image can be calculated as follows:

32,768
m X WV dc=3277

Note: The actual resolution for analog voltage outpuls is 1.22070 mV per LSB,
where the LSB posilion in the oulput word is indicated as:

LSB

X
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

X = Bit Not Used
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System Considerations

Publication 1746-6.4 — January 1996

This section describes the system considerations for an analog module. (
These include:
e safe state for outputs

retentive programming
e input out-of-range detection
e response to slot disable

input channel filtering

Safe State for Outputs

Whenever an SLC 500 system is NOT in the RUN mode, the outputs
on the analog module are automatically forced to 0 Volits or 0
milliamps by the SLC 500 system. This occurs when the processor is
in the:

o FAULT mode

¢ PROGRAM mode

o TEST mode

ATTENTION: When designing and installing the
SLC 500 system, devices connected to the analog
module output channels must be placed into a safe state
whenever the analog output is 0 volts or 0 milliamps
(& the offset error).

Retentive Programming Option

This section describes the affects of a processor mode change on
analog outputs. The following information applies to the
1746-NI104I1, NIO4V, NO4I and NO4V analog modules.

This programming option allows you to retain analog data in the
Input and Output Image tables when the SLC 500 processor:

o transitions from RUN-PROGRAM-RUN mode OR
e when power is turned OFF and reapplied

In both cases, when power is reapplied, the data is transferred to the
module whether the programming rung is true or false.

If an SLC 500 system detects a fault condition, the analog outputs
reset to zero. The data in the Output Image table is retained during
the fault. Once the fault condition is corrected and the major fault bit
in the processor is cleared, the retained data is sent to the analog
output channels.

If you choose not to use the retentive programming option, retained (
data is not sent to the output channels. 5
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The following section provides example program options for
retentive data and non-retentive data.

Retentive Analog Output Example

If a modular system is configured with the CPU in slot 0, a discrete
I/O module in slot 1, and an analog output module in slot 2 the
following ladder logic rung can be programmed.

~ MOV

MOVE
Source 32767
Dest 00:2.0

I1:1.0/0

When bit O of the discrete [/O module turns ON, the rung is true and
the value 32767 is moved into the Output Image table location that
corresponds with analog output channel 0 in slot 2. At the end of the
scan, this value is transferred to the module where it is converted to
the appropriate voltage or current (depending on the type of module
used).

If on the next program scan the rung becomes false, the MOVE of
the value of 32767 to the Output Image table does not occur. Unless
another rung is added to transfer data to the Output Image based on
this rung being false, the previous data is retained. That is, the value
32767 remains in the Output Image table and is transferred to the
analog module at the end of subsequent program scans until changed
by the user program.

Non-Retentive Analog Output Example

The following example shows a non-retentive program during a
program execution and for a mode change or power cycle.

~ MOV

I%:%:O/O MOVE
Source 32767
Dest 00:2.0

~ MOV

I1:1.0/0

1/¢ MOVE
/ Source 0
Dest 00:2.0

Publication 1746-6.4 - January 1996
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In the above example, as long as discrete input 0 is ON, the value
32767 is transferred to analog output channel 0. If discrete input 0
turns OFF, the value 0 is transferred to analog output channel 0.

During a Mode Change or Power Cycle

The first pass bit in the Status File is used to initialize the analog
output following a power up in the RUN mode or entry into the RUN
or TEST mode. The address of the First Pass bit is $2:1/15. When
this bit is ON, the first pass of the program scan is taking place.
Therefore, the following ladder rung can be programmed to always
clear the analog output channel during the first program scan.

~ MOV
SZ}: ];l:/15 MOVE
Source 0

Dest 00:2.0

Input Out-of-Range Detection

Analog modules do not provide an input out-of-range signal to the
processor. However, if this feature is critical to a specific application,
you can program the processor to provide this function.

The following program applies to all SLC 500 processors. The
program shows two compare instructions that check for analog input
values which exceed low and high limits respectively. For this
example, the analog input value is in word 1 of slot 1 (I1:1.1).
Whenever the input value exceeds a limit, this program latches a
binary variable in memory that could serve as an alarm indication at
some other point in the program.
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GREATER THAN

_— END

B3/0

(U)-
. LES

B3/0
LESS THAN (L)
Source A Il:1.1 ’
Source B 0
_ GRT

B3/0

(L)

Source A Il:1.1
Source B 16,384

Remainder of Program

Turn OFF
Alarm

Turn ON Alarm, Low Limit
Exceeded

Turn ON Alarm, High Limit
Exceeded

The second program is for SLC 5/02 processors. This program uses
the Limit Test instruction that checks both low and high limits in a
single instruction. This instruction assumes that the analog input

value is in word 1 of slot 1 (I1:1.1).

As in the above program, whenever the input value exceeds a limit,
this program latches a binary variable in memory which could serve
as an alarm indication at some other point in the program.

B3/0
()
_ LIM
LIMIT TEST (CIRC) 33/\0
Low Lim 16,385 (L)

T R

Test I1:1.1
High Lim -1

Remainder of Program
-———— END ——

Turn OFF
Alarm

Tumn ON Alamm,
Limit Exceeded
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Response to Slot Disable /

You have the ability to disable any slot in the chassis using the
processor. Before disabling any slot containing an analog module, it
is important to consider how the analog module will respond when
the slot is disabled.

ATTENTION: Make sure that the implications of
disabling an analog module slot are clearly understood
before utilizing this feature.

The response to slot disable for inputs and outputs is the same for all
the analog modules.

Input Response to Slot Disable

The module continues to update the input values to the processor.

However, the processor does not read inputs from a module that is

disabled. Therefore, when the processor disables the analog module

slot, the module inputs appearing in the processor image table

remain in their last state. When the processor re-enables the analog

module slot, the current state of the module inputs are received by

the processor during the subsequent scan. 6—

Output Response to Slot Disable

The processor may change the analog module output data as it
appears in the processor image table. However, this data is not
transferred to the analog module.

Instead, the analog module holds its outputs in their last state. When
the slot is re-enabled, the data that appears in the processor image
table is transferred to the analog module on the subsequent scan.
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Input Channel Filtering

The input channels for all of the analog modules incorporate
extensive on board signal conditioning. The purpose of this
conditioning is to reject the high frequency noise that can couple into
an analog input signal while passing the normal variations of the
input signal. The conditioning is performed by passing the input
signal through a 6 pole Gaussian digital filter.

The sharp cut-off of this filter is demonstrated in the frequency
response plot, Figure 4.3. Frequency components of the input signal
at or below the filter corner frequency of 10 Hz are passed with
under 3 dB of attenuation. This pass band allows the normal
variation of sensor inputs such as temperature, pressure and flow
transducers to be input data to the processor.

Noise signals coupled in at frequencies above the 10 Hz pass band is
sharply rejected. An area of particular concern is the 50/60 Hz
region, where pick up from power lines can occur. From the
frequency response diagram, you see that a 60 Hz signal on the plus
(+) input with respect to the minus (-) input is attenuated by over

55 dB (60 Hz normal mode rejection).

If power line noise is coupling into the input signal through the input
cable, the proper use of differential inputs reduces the effect of noise.
With differential inputs, noise couples into both the plus (+) and
minus (- ) inputs where it is attenuated by over 105 dB (60 Hz
common mode rejection).

The affect of the filter with respect to time can be seen by examining
the step response of the input channel. Figure 4.4 shows the response
of the input value versus time when a step change is made in the
voltage or current at the input terminal. The response of the filter
demonstrates no overshoot and rapid settling time. The input value
settles to within 95% of the final value in 60 milliseconds,
independent of the input magnitude.

Example - If the input instantaneously changes from O to 10 volts,
the value converted by the analog module after 60 milliseconds is 9.5
volts. Within this time the analog module updates the input data
value in memory with an intermediate response every 512
microseconds.
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Chapter 5

Testing the SLC 500
System

Testing Your Module

The purpose of this chapter is to help you isolate problems in a
systematic and controlled manner before beginning normal system
operation.

If your analog module is installed in the expansion chassis of a fixed
system, test your system using the procedures described in the Fixed
Hardware Style Installation & Operation Manual before executing
the analog module start up procedures.

If your analog module is installed in a modular system, test the
modular system using the procedures described in the Modular
Hardware Style Installation & Operation Manual before executing
the analog module start up procedures.

Start-up Procedures

Once you have tested your SLC 500 system, follow the steps below
in sequence to test your analog module:

1. Inspect the analog module.

2. Disconnect prime movers.

3. Power up the SLC 500 system.
4. Test the analog inputs.

5. Test the analog outputs.

6. Start up the system.

Publication 1746-6.4 ~ January 1996
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Inspect the Analog Module

Problems can be prevented by inspecting the analog module before
installing it in the SLC 500 system. Inspection should include the
following steps:

1. Make sure that all voltage/current mode selection DIP switches
are set properly (inputs only).

Make sure that all analog module wiring connections are correct and
that there are no missing or broken wires. Check the tightness of all
terminals to make certain wires are secure.

4

ATTENTION: Care should be taken to avoid
connecting a voltage source to a channel configured for
a current input. Improper module operation or damage
to the module can occur.

3. Make sure that the shield for the cable used to wire the analog
module is properly grounded. Refer to chapter 3 for additional
information.

ATTENTION: Do not connect the Belden #8761 foil
shield and drain wire to the analog module terminal
block. The foil shield and drain wire must be
connected to earth ground, which is not available on
the analog module terminal block.

4. Make certain that the removable terminal block on the analog
module is secured on the module.

Disconnect Prime Movers (Motion Devices)

During the following test procedures the processor is energized. As a
safety precaution, make sure that machine motion does not occur. To
achieve this:

Disconnect the motor wires at the motor starter or the motor
itself. This allows you to test the operation of the starter coil,
verifying that your output circuit is wired correctly and
functioning.

To disconnect a solenoid, disengage the valve, leaving the coil
connected.
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In some instances, you may not be able to disconnect a device the
preferred way. In these cases, open the output circuit at a point as
close as possible to the motion-causing device. For example, your
output might be a relay coil which in tun energizes a motor starter.
If you cannot disconnect the motor wires, open the circuit at a point
between the motor starter and the relay contact.

ATTENTION: Machine motion during system
checkout can be hazardous to personnel. During all
checkout procedures, you must disconnect all devices
which, when energized, might cause machine motion.

Power Up the SLC 500 System

Apply power to the fixed or modular system. The analog module
LED (red) should be illuminated, indicating that the module is
receiving 24V dc power.

While an illuminated analog module LED does not ensure that the
module is operating properly, a non-illuminated LED indicates that
the analog module is not functional. Do not continue with the test
procedures until the LED is illuminated.

The four most probable causes of a non-illuminated LED are:

® The SLC 500 system is not receiving power from its power
supply. Check the POWER LED on the fixed system unit or the
power supply on the modular system. If the LED is not
illuminated, refer to the Fixed Hardware Style Installation &
Operation Manual or the Modular Hardware Style Installation &
Operation Manual. If the module is a 1746- NO4I or NO4V,
check the state of the optional 24V dc power switch. If external
power is selected, but not connected to the front of the module,
the power LED will not illuminate.

® The power from the supply is not being received by the remainder
of the SLC 500 system. You can test this by attempting to go
online with the programming device.

¢ The slot in the chassis where the analog module is located is not
operational. Remove the power from the SLC 500 system, move
the analog module to another slot and restore power. If it appears
that the slot is defective, replace the chassis.

© The analog module is defective.
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Testing Analog Inputs "

Before testing the analog module input channels, the SLC 500 -
system must be installed and tested according to the SLC 500 Fixea

or Modular Style Installation & Operation Manual. The processor

must be connected to a programming device, properly configured,

and must have no rungs in its ladder program. The analog module

LED must also be illuminated.

ATTENTION: The procedure described in this
section for testing analog module input channels
assumes that all /O module outputs that normally
activate prime movers or other potentially dangerous
devices have been disconnected from these devices.

Do not attempt to test the analog module input
channels unless prime movers and/or other potentially
dangerous devices are disconnected from the I/O
modules.

‘The devices connected to the analog module input channels are
referred to as “sensors.” If the sensors can be manually varied over
their normal operating range, use these devices to test the analog
module input channels.

If the sensors cannot be manually varied, a voltage source or curre,.
source is necessary to test the input channels. In this case, disconnect
the analog module input channels at the sensor to test the terminal
block wiring. The following steps apply to either test procedure.

Important:  The following procedure does not ensure that the input
mode DIP switch is properly configured. Visually
inspect the input mode DIP switch before installing the
analog module in the chassis.

ATTENTION: Care should be taken to avoid
connecting a voltage source to a channel configured for
a current input. Improper module operation or damage
to the module can occur.
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To test the analog inputs follow these steps:

1. Determine the boundary conditions for the analog module input
channel. For example, if the input channel is connected to a
sensor that has an output range of 1 mA to 5 mA, the boundary
conditions would be 1 mA (lower) and 5 mA (upper).

2. Using the formulas from page 4-7, calculate the input decimal
values that should appear in the processor image table when the
boundary conditions are present on the analog module input
channel.

For example, if 1 mA and 5 mA are boundary conditions, the
decimal values would be 819 and 4096.

3. Assuming that the programming device is on-line with the
processor, select the test mode and continuous scan mode
function.

4. Display the data in File 1 (Input Image Table).
5. Change the radix of the display to decimal.

6. If the input channel of the module has been disconnected from its
sensor, attach a voltage source (voltage input) or current source
(current input) to the input and set the source to the lower
boundary condition.

If the input channel is connected to its sensor, set the sensor to its
lower boundary condition.

7. Locate the input channel image data in the image table. The input
image word for the input channel being tested should read
approximately the lower boundary calculated in step 2.

The exact value of the image word is affected by the accuracy of
the analog module and the input sensor. Ensure that the deviation
from the boundary value is within tolerances for the analog
application.

8. If the input channel has been disconnected from its sensor, attach
the voltage source (voltage input) or current source (current
input) to the input and set the source to the upper boundary
condition.

If the input channel is connected to its sensor, set the sensor to its
upper boundary condition.

9. Repeat step 7 for the upper boundary condition.

10. Repeat steps 1 through 8 for the remaining analog inputs.
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11. If any of the analog input channels do not pass the start-up
procedure, check for the following potential causes:

e The processor is not in the TEST/CONTINUOUS scan mode.

e The terminal block is not secured on the analog module.

e The analog module terminal block is not wired properly or
wires are broken. See chapter 3 for details on wiring the
analog module.

e The analog module input channel sensor (or test voltage or
current source) is not operating properly.

If a current source is not available to test a current input channel, a
test voltage can be applied to the current input channel to achieve the

input boundary conditions. In normal operation, a voltage source
should not be connected to an analog input channel in the current
mode. To determine the boundary conditions use the following
equation:

Voltage Input (V) = Current Input (mA) x 0.25

Example - If the current input boundary conditions are 1 mA and § mA, the
boundary conditions in volts would be 0.25 volts and 1.25 volts. If this
calculation is done correctly, the test voltage should never exceed 5 volts.

Testing Analog Outputs

Before testing the analog module output channels, the SLC 500
system must be installed and tested according to the SLC 500 Fixed
or Modular Style Installation & Operation Manual. The processor
must be connected to a programming device, properly configured,
and must have no rungs in its ladder program. The analog module
LED must be illuminated.

ATTENTION: The procedure described in this
section for testing analog module output channels
assumes that all /O module outputs that normally
activate prime movers or other potentially dangerous
devices have been disconnected from these devices.

Do not attempt to test the analog module output
channels unless prime movers and/or other potentially
dangerous devices are disconnected from the /O
modules.

The devices connected directly to the analog module outputs are

referred to as “actuators.” If the actuators do not affect prime movers

or initiate any other potentially dangerous operation, use these

devices to test the outputs. ) T
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If the actuators affect prime movers or initiate a potentially
dangerous operation, use a voltmeter to test the voltage outputs and
an ammeter to test the current outputs. Note that these meters have
some inherent error of their own.

In the latter case, disconnect actuators at the analog module outputs
to test the terminal blocks.

The following procedure applies to either of the previous situations.

1.

Determine the boundary conditions for the analog module output
channel. For example, if the output channel is connected to an
actuator that has an input range of 1 volt to 5 volts, the boundary
conditions are 1 volt (lower) and 5 volts (upper).

Using the formulas from page 4-9, calculate the output decimal
values that must be entered into the processor image table to
produce the analog module output channel boundary conditions
determined in step 1.

For example, if 1 volt and 5 volts are boundary conditions, the
decimal values would be 3277 and 16384.

Create and save the test rung shown below.

— MOV
MOVE
Source N7:0
Dest O:e.x

“e" is the slot number of the analog module

“x" is the number of the analog module output channet
being tested

Download the program to the processor and enter the RUN mode.
Display the data in address N7:0.

Enter lower boundary condition value in N7:0. For example, if
the lower boundary condition is 1 volt, enter 3277 into N7:0.

If the output channel has not been disconnected from its actuator,
the actuator should assume its lower boundary condition.

If the output channel has been disconnected from its actuator,
connect either the ammeter (current output) or voltmeter (voltage
output) to the analog module output channel. The exact value of
the meter reading is affected by the accuracy of the analog
module and the meter. Ensure that the deviation from the lower
boundary condition is within tolerances for the application in
which the analog module is used.

For example, if 1 volt was the lower boundary condition, the
voltmeter should read approximately 1 volt.
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Enter upper boundary condition value in N7:0. For example, if
the upper boundary condition is 5 volts, entcr 16384 into N7:0.

Repeat step 7 for the upper boundary condition.

. Repeat steps 1 through 9 for each output channel.

If any of the output channels do not pass the start-up procedure,

check for the following potential causes:

e The processor is not in the RUN mode.

e The terminal block is not secured in the analog module.

o The analog module terminal block is not wired properly or
wires are broken. See chapter 3 for details on wiring the
analog module.

e The actuator or test ammeter/voltmeter is not operating

properly.

E R T AT T
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Chapter 6

Addressing, Out-of-Range
Detection, and Scaling of
Analog Inputs

Programming Examples

This chapter shows several programming examples that provide
additional capabilities such as:

e Addressing, Out-of-Range Detection, and Scaling of Analog
Inputs

e Addressing and Scaling of Analog Outputs
e Scaling Offsets when > 32,767 or < -32,768
e Scaling and Range Checking of Analog Inputs and Outputs

important: The programming examples in this chapter are for
informational purposes only. Because of the many
variables and requirements associated with any
application, the Allen-Bradley Company cannot assume
responsibility or liability for actual use based on these
examples.

The following example uses an N14 analog input module to show
input addressing, range checking and scaling of analog inputs into
engineering units.

We are making the following assumptions:
e The NI4 is located in slot 3 of a modular system.

e A temperature transducer with a 0 to 10V dc output is wired to
the second input channel on the analog module.

e The transducer voltage signal is proportional to a range of 100° C
to 500° C (212° F to 932° F).

e The process temperature must stay between 275° and 300° C
(527° F to 572° F). If the temperature deviates from this range, a
flag is set and this out-of-range value is not processed. The data is
presented in degrees C for monitoring and display purposes.
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6-2 Programming Examples

The scaling operation is displayed in the following graph. It displays
the linear relationship between the input and the resulting scaled

values.

Figure 6.1

500°C —
(Scaled max.)

Scaled
Value
300°C

275°C

Process operating range

100°C
(Scaled min.) . |
0=0V dc Low High 32767 = 10V dc - 1LSB

(input min.) Limit  Limit {input max.)

Input Value

Calculating the Linear Relationship

Use the following equations to express the linear relationship
between the input value and the resulting scaled value.

Scaled value = (input value x siope) + offset
Slope = (scaled max. — scaled min.) / (input max. — input min.)
(500 - 100) / (32,767 — 0) = 400/32,767
Offset = scaled min. — (input min. x slope)
100 - (0 x (400/32,767)) = 100

Scaled value = (input vaiue x (400/ 32767)) + 100
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Calculating the Out-of-Range Flag Using the Scale Instruction

Use the following equation to calculate the low and high limit input
values which determine the out-of-range flag.

Input value = (scaled value - offset) / slope
low limit (275 - 100) / (400/32,767) = 14,344
high limit (300 - 100) / (400/32,767) = 16,393

Once you have calculated the linear relationship and the out-of-range
flag value, this example allows you to:

e Turn on a heater or fan to maintain the process temperature
between 275° and 300° C by using the out-of-range flags.

o Monitor the process temperature using a Data Table Access
Module (DTAM) or Hand-Held Terminal (HHT).

e Output the process temperature for operation interface purposes
by:
— MOVing the scaled value to an output module as variable
data to a Dataliner
— Converting the scaled value to BCD (using TOD
instruction) and MOVing it to an LED display

The following ladder diagrams show how to program the processor.
The first example uses standard math instructions available in any
SLC 500 processor. The ladder diagram prevents a processor fault by
unlatching the mathematical overflow bit §2:5/0 before the end of
the scan.

The second example uses the scaling instruction (SCL)® available in
the 5/02 and higher processors. The rate parameter is calculated by
multiplying the slope by 10,000.

rate = (400/32767) x 10,000 = 122

The third example uses the SCP (scale with parameters) instruction
available in the SLC 5/03 (OS302 or later) and SLC 5/04 (0S401 or
later) only.

@ If the result of the Source times the Rate, divided by 10000 is greater than 32767, the SCL

instruction overflows, causing emor 0020 (Minor Eror Bit), and places 32767 in the Destination.
This occurs regardless of the current offset. For an altemate method, see page 6-14.
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64 Programming Examples

Using Standard Math
Rung 2:0
Check for below allowable range
| Below |
| range flag |
| +LES + B3 |
| -+LESS THAN + {) |
| |source A I:1.1] (1] |
|| | |
| |source B 14344| |
I 1 | |
|+ + |
Rung 2:1
Check for above allowable range
| Above |
| range flag |
| +GRT + B3 |
| ~+GREATER THAN + - () |
| |source a I:1.1) 1 |
|| | |
| |source B 16383} |
|1 | |
|+ + |
Rung 2:2
Turn on the below range alarm output when analog
input is below acceptible range
| Below | Below |
| range flag] range alarm |
| B3 0:2 |
| === [--- ——= et ——={ )= |
| 0 0 |
Rung 2:3
Turn on the above range alarm output when analog
input is above acceptible range
| above | Above |
| range flag]| range alarm |
| | |
| B3 0:2 [
e T -—() |
| 1 1 !

Ladder logic continued on the next page.
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Rung 2:4

Scale the analog input value and process the result

only when it is within the acceptible range

| Below | Above Multiply

| range flag|range flag by the
scaled range

ains proce
ss tempera
ture)

58

o e e

o e e e e e e o e e ot S o, S e S e e S

2
<9

Source A

[
o
(== =)

Source B

Dest N7:0

o
§ o ———— —

|

|

| B3 B3 +MUL +

| 1/ 1710 +-+MULTIPLY -
| 0 1 | |source A I:1.1] |
| || | |
| | |source B 400]| |
| | 1 | |
| | |Dest N7:0| |
| | o] |
| | + + |
| | |
| | Divide |
| | result by |
| | input |
| | range |
| | +DDV + |
] +-+DOUBLE DIVIDE +-+
| | source 32767|

| | |

| | pest N7:0|

| | of

| + +

| add offset

| (N7:0 cont

|

|

|

|

|

|

|

|

|

|

|

|

o—— e

— ———— —— ———— ——— — —— — — T T T — ——— — — —— e S S S

Clear flt
bit from
overflow

S:5

-=--={(U)

—_——— e ———————

0

Rung 2:5

| |

| +END4 - 1
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Using the Scale (SCL) Instruction

Rung 2:0

Check for below allowable range.

| Below |
| range flag |
| +LES-~-—mmmmmmmmmm + B3 |
|-+LESS THAN + () |
| |source A I:1.1] o |
| 1 0| I
| |source B 14344 |
I 1 I |
| +-mmme ‘ '
Rung 2:1

Check for above allowable range.

| Above |
| range flag |
| +GRT--——-——-——mmmm- + B3 ]
| -+GREATER THAN + - ) |
| |source a I:1.1} 1 |
| ] 0| |
| |Source B 16383 |
|| | |
|+ . |
Rung 2:2

Turn on the below range alarm output when the analog

input is below the acceptible range.

| Below Below | .
| range flag range alarm | 6
| B3 0:2 |
|-~—-1 1 - - - {1--]
| 0 0|
Rung 2:3

Turn on the above range alarm output when the analog

input is above the acceptible range.

| above Above |
| range flag range alarm |
| B3 o:2 |
|m===1 {=mmm————- e e = - {1y—|
| 1 1
Rung 2:4

Scale analog input value and process the result only

when it is within acceptible range.

| Below | Above Scale |
| range flag |range flag analog input |
| B3 B3 +SCL-—-—mm==m—————— +
|-===1/[======m= 1/ (---- B +SCALE +=|
| ] 1 | source I:1.1] |
| (2:0) (2:1) | of |
| |Rate [/10000] 122] |
| | |1
] |offset 100| |
| | |1
| |pest N7:0] |
| | o] |
| + + |
| |
Rung 2:5 (:T
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Programming Examples 6-7

Using Scale with Parameters (SCP) Instruction

Rung 2:0
check for below allowable range.
| Below |
| range flag |
| +LES + B3 |
| -+LESS THAN + o - ) |
| |Source A I:1.1] 0 |
|1 0| |
| |Source B 14344) |
| 1 | |
| + + |
Rung 2:1
Check for above allowable range.
| Above |
| range flag |
| +GRT + B3 |
| -+GREATER THAN + -— ————=( )= |
| |source a I:1.1] 1 |
|1 Ul |
| |Source B 16383 |
[ ] | |
|+ + |
Rung 2:2
Turn on the below range alarm output when the analog
input is below the acceptible range.
| Below Below |
| range flag range alarm |
| B3 0:2 |
| 11 - = ———- - () -1
I 0 o|
Rung 2:3
Turn on the above range alarm output when the analog
input is above the acceptible range.
| Above Above |
| range flag range alarm |
| B3 0:2 |
| 10 — ————————————e— . i -( )|
| 1 1|
Rung 2:4
| Below | Above Scale |
| range flag |range flag analog input |
| B3 B3 +SCP + |
]-——-1/¢ S e +SCALE W/PARAMETERS+- |
| 0 1 | Input I:1.1| |
| o|
| Input Min. ]|
| |
|Input Max. 32767|
I |
|scaled Min. 100]
| I
|scaled Max. 500]
|
|Scaled output N7:0|
I o|
+ ——
Rung 2:5
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6-8 Programming Examples

Addressing and Scaling
Outputs

Publication 1746-6.4 — January 1996

We are making the following assumptions:

The NIO4I is located in slot 2 of a SLC 500 system.
An actuator from a flow control valve is wired to output channel 0.

The actuator accepts a 4 mA to 20 mA signal proportional to 0 to

100% of the valve's opening. For this example the signal
actuator can not receive a signal out of the 4 mA to 20 mA range.

The percentage of valve opening is manually input to the SLC.

The following graph displays the linear relationship.

Figure 6.2

20 mA = 31208
(scaled max)

Scaled
Value
4 mA = 6242
(scaled min.) |
0%, 100%
(input min.) (input max.)
Input Value

Calculating the Linear Relationship

Use the following equations to calculate the scaled output value:

Scaled value = (input value x slope)+ offset
Slope = (scaled max. - scaled min.) / (input max. — input min.)
(31,208 - 6,242) / (100--0) = 24,966/100
Offset = scaled min. — (input min. x slope)
6,242 - (0 x (24,966/100)) = 6,242
Scaled value = (input value x (24,966/100))+ 6,242




Programming Examples 6-9

The out-of-range limits are predetermined because any value less
than 0% is 6,242 and any value greater than 100% is 31,208. The
ladder logic checks for the out-of-range flag to verify that not less
than 4 mA and not more than 20 mA is provided out of the analog
output channel.

The percentage of valve opening may be input to the processor by:
e entering the data through a DTAM or HHT

e MOVing the data from thumbwheels or a keypad (possibly
converting the data from BCD using FRD instruction)

The percentage of valve opening may be output for operator
interface by:

® monitoring the data using a DTAM or HHT

e MOVing the data to an output module as variable data to a
Dataliner

e converting the data to BCD (using TOD instruction) and MOVing
it to an LED display

Since the slope is greater than 3.2767 only standard math can be
used for the ladder diagram with SLC 500 fixed, SLC 5/01, 5/02,
5/03 (0S300 or OS301), and 5/04 (0S400) processors. The ladder
diagram prevents a processor fault by unlatching the mathematical
overflow bit S2:5/0 before the end of the scan. Refer to the example
ladder diagram on the next page. Following the standard math
example is a ladder diagram using the SCP instruction, available
only in the SLC 5/03 (OS302 or later) and the SLC 5/04 (OS401 or
later).

Publication 1746-6.4 - January 1996
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6~-10 Programming Examples

Rung 2:

Using Standard Math

0

N7:0 contains percentage of valve open. If this value is
less than 0, move the minimum value to the analog output
(6242 decimal = 4 mA at the analog output) .

| Check for Below |
| below range flag |
| range |
| +LES + B3 |
|-+LESS THAN + * () +=|
| |source A N7:0]| | 0 11
(| o] | 1|
| |source B ol | il
Il | | |
| + -——= + | |
| | Minimum | |
| | analog | |
| | output | |
| | value | 1
I | +Mov: + ||
| +-+MOVE +-+ |
| | source 6242| |
| | I
| | Dest 0:2.0] |
| | I
| fmmm e —————— e —— + |
Rung 2:1

N7:0 contains percentage of valve open. If this value is

greater than 100, move the maximum value to the analog output

(31208 decimal = 20 mA at the analog output) .

] Check for Above |
| above range flag ]
| range |
| +GRT-——=m——mmm——mm + B3 |
| -+GREATER THAN + B +e=e=() - +=|
| |souxce A N7:0| ] 1 | ]
|1 o] | |1
| |source B 100} | |1
(| I | (!
| +-==mmmmmm oo + | |
| | Minimum | 1
| | analog 11
| | output |1
| | value ||
| | +MOV-——mmmmmm e + ||
| +-+MOVE -+ |
] | source 31208 | |
| | I
| |pest 0:2.0] |
| |
|

Publication 1746-6.4 ~ January 1996
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Programming Examples 11

Rung 2:2
Scale values in the 0 to 100% range to the decimal
range for the 4-20 mA analog output.

| Below | Above Mulitply |
| range flag|range flag by scaled |
| range |
| B3 B3 +MUL + |
| 17t 171 +=-+MULTIPLY —
| 0 1 | |source A N7:0| | |
| || of ||
| | |source B 24966| | |
| |1 [
| | |pest N7:1| | |
| Il ol | |
| | + + 11
| | I
| | Divide by |
| | input | |
| | range 11
| | +DDVmm—mmm e mme + ||
| +-+DOUBLE DIVIDE +=+ |
| | |Source 100 | |
| || [
| | |pest N7:1| | |
| [ | ol ||
| R + ||
| | Add offset | |
| | +ADD--————mm e + ||
| +~+ADD +-+ |
| | |Source A N7:1] | |
| |1 of |1
| | |source B 6242| | |
| |1 (.
| | |pest 0:2.0] | |
| |1 I
| | 4= + | |
| | Clear math |1
| | overflow ||
| | bit ]
| BT |
| + (v + |
l 0 l
Rung 2:3

|--- - +END+
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6-12 Programming Examples

Using the Scale with Parameters (SCP) Instruction

Rung 2:0
N7:0 contains percentage of valve open.

If this value is

less than 0, move the minimum value to the analog output

(6242 decimal = 4 mA at the analog output).

| Check for Below

| below range flag

| range

| +LES + B3

| -+LESS THAN + + () +
| |Source a N7:0| | 0 |
| J | I
| |source B ol | |
|1 | | I
| + + | |
| | Minimum |
| | analog |
| | output |
| | value |
| | +MOV--==——mmmm———= + |
| +-+MOVE +—+
| | Source 6242]

| | |

| | Dest 0:2.0|

1 | a

| fommm e +

Rung 2:1
N7:0 contains percentage of valve open.

If this value is

greater than 100, move the maximum value to the analog output

(31208 decimal = 20 mA at the analog output}).
| Check for

| above

| range

Above
range flag

| +GRT + B3

| -+GREATER THAN + + () ——+
| |source A N7:0]| | 1 |
|1 ol | |
| |source B 100]| | |
|1 | | |
R -+ ! |
| | Minimum

| | analog

| | output

| | value

| | +MoV +
| +=-+MOVE -
| | source 31208

| | |

| |Dest 0:2.0]}

|

|

Publication 1746-6.4 - January 1996
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Programming Examples 6-13

Rung 2:2
Scale values in the 0 to 100% range to the
decimal range for the 4-20 mA analog output.

Below | Above
range flag|range flag
B3 B3 +SCP +
171 171 == +SCALE W/PARAMETERS +-
0 1 Input N7:0
0
Input Min. 0
Input Max. 100
Scaled Min. 6242
Scaled Max. 31208
Scaled Output 0:2.0
+ +
Rung 2:3

Publication 1746-8.4 - January 1996
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6-14 Programming Examples

Scaling Offset when There may be applications when the offset value put into standard (

>32,767 or < -32,768 math instructions is greater than 32,767 or less than ~32,768. In these
cases, it is easier to shift the linear relationship along the input value

axis and reduce the values.

This example is similar to the situation described in Example 2,
except the 4 mA to 20 mA signal is scaled to a value between
90-100%. The NIO4I is located in slot 2 and the output device is

wired to channel 0.
- The following graph displays the linear relationship.

Figure 6.3

20 mA = 31208
{scaled max.)

Scaled
Value

4 mA = 6242
(scaled min.) | |

 90%. 100%
(inputmin)  (input max,)

Input Value

Calculating the Linear Relationship
Use the following equations to calculate the scaled units:

Scaled value=(input value x slope)+ offset
Slope = (scaled max. ~ scaled min.) / (input max. - input min.)
(31,208 -6,242) / (100 ~ 90) = 24,966/10
Offset = scaled min. - (input min. x slope)
6242 - (90 x (24,966/10)) = -218,452
Scaled value = (input value) x (24,966/10) 218,452
C

Notice the offset value is less than —32,768.
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The following graph shows the shifted linear relationship. Notice
that the resulting offset value is reduced.

Figure 6.4

20 mA = 31208
(scaled max)

Scaled
Value

4 mA = 6242
(scaled min)

|

90%, 100%
(inputmin)  (input max.)

Input Value

Calculating the Shifted Linear Relationship
Use the following equations to recalculate the linear relationship:

Scaled value=((input value — input min.) x slope)) + offset
Slope = (scaled max. — scaled min.) / (input max. — input min.)
{31,208 - 6,242) / (100-90) = 24,966/10
Offset = scaled min.
6,242
Scaled value = ((input value ~ 90) x (24,966/10)) + 6242

Since the slope is greater than 3.2767, only standard math can be
used for the ladder diagram with SLC 500 fixed, SLC 5/01, 5/02,
5/03 (0S300 and 301) and 5/04 (OS400). The following ladder
diagram prevents a processor fault by unlatching the mathematical
overflow bit S2:5/0 before the end of the scan. Refer to the example
ladder diagram on the next page. Following this example is another
ladder diagram performing the same function, but using the SCP
(scale with parameters) instruction available only in the SLC 5/03
(0S302) and SLC 5/04 (0S401).
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+

Using Standard Math
Rung 2:0
N7:0 contains the percentage of the valve open.
| Check for |
| below range |
o ! | +LES + B3 |
w | -+LESS THAN + f=={ } +=|
f:__-’ 5 | |Source A N7:0| | 0 | 1
8 | | o 1 | |
B | |source B 90| | ||
§ || | | ||
§ B L+ [ I
| | +MoV +
| +—+MOVE +—+ |
| | source 6242 ]
| | .
| |Dest o:2.0} |
: | I I
e —————————————- + |
Rung 2:1
| Check for |
| above range |
| +GRT————-==—=—=———~ + B3 |
| -+GREATER THAN + e e E el $o=( Jmmmmmmmm e m e += |
| |source A N7:0| ] 1 ||
| J | |1
| |source B 100| | 1 |
I 1 | | |1
| 4mmemmmemm s . 1 | |
| | +MOV--mmmmmmm e + ||
| +-+MOVE =+ |
| | source 31208 |
| | (.
| |Dest 0:2.0] |
| (.
| A

Ladder logic continued on the nex! page.
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“ Programming Examples 6-17
3 Rung 2:2
~ Scale values in the 90-100% range to the decimal range for the 4-20 mA analog
out:put.
| Subtract |
| the input |
| min. |
o I B3 B3 +SUB +
b | 171 1/0-- +—+SUBTRACT F—
| 0 0 | |souzrce A N7:0| | |
' I || o| | |
| | |source B 90| | |
| |1 |11
| | |pest N7:1] | |
| I l of |1
| | + + |1
| | |1
| | Multiply [ 1
| | by the |}
| | scaled |1
| | range 11
T | | +MUL-=mmmmemm e + |
| +-+MULTIPLY =+ |
| | |source A N7:1| | |
| || o] ||
| | |Source B 24966] | |
| || (I
| | |pest N7:1) | |
| ] of | |
| | + - + ||
I | Divide 11
| | result by |1
| | input 11
| | range 11
| | +pDV + ||
| +-+DOUBLE DIVIDE - |
| | |source 10| | |
! | |1
| | |pest N7:1| | |
| 11 of ||
| i e + ||
I | Add offset |1
| | +ADD + ]|
| +-+ADD +-+ |
| | |source A N7:1] | |
| || ol |1
| | |source B 6242| | |
| |1 |11
| | |pest 0:2.0| | |
| | | BR
| | + v |
| | Clear flt |1
= | | bit from |1
N [ | overflow | 1
0 | | §:5 | |
| +=mm(U) + |
| 0 |
Rung 2:3
o
] | |

e +
+ +
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Programming Examples

Using the Scale with Parameters (SCP) Instruction

Rung 2:0

N7:0 contains percentage of valve open. If this value is
less than 90, move the minimum value to the analog output
(6242 decimal = 4 mA at the analog output).

| Check for Below i
| below range flag |
| range |
| +LE§--—m=m——mm—— e + B3 |
| -+LESS THAN + e e G | +=|
| |Source A N7:0| | 0 1|
|| 0| | bl
| |source B 90| | | 1
|| | | I |
| +--- + | ||
| | Minimum ||
| | analog (|
| | output ||
| | value | |
| | +MoV + ||
| +—+MOVE +=+ |
| | Source 6242| |
| | [
| |Dest 0:2.0] |
| | i
| - e
Rung 2:1

N7:0 contains percentage of valve open. If this value is

greater than 100, move the maximum value to the analog output

(31208 decimal = 20 mA at the analog output) .

| Check for Above |
| above range flag |
| range |
| +GRT + B3 |
| -+GREATER THAN + + ( )=m——mmmm e +=|
| |source a N7:0| | 1 |1
|| 0| I |1
| |Source B 100]| | |1
|1 ! | | |
R . | ||
| | Minimum | |
| | analog | |
| | output |
| | value L
| | +MOV~=m=——m—mme—ee + ||
| +=~+MOVE +—+ |
| | source 31208} |
| | |
| | Dest 0:2.0} |
I | |
I + + |

Ladder Iogic continued on the next page.
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Programming Examples 6-19

Rung 2:2
Scale values in the 90 to 100% range to the
decimal range for the 4-20 mA analog output.

| Below | above Scale for the |
| analog output |
| range flag|range flag |
| B3 B3 +SCP-—- + |
I )1/t M1 +SCALE W/PARAMETERS +=|
| 0 1 | Input N7:0| |
I | o |
| | Input Min. 90| |
I | I
| | Input Max. 00| |
| I
| | scaled Min. 6242 |
| I ||
| | Scaled Max. 31208] |
| | |
| | Scaled Output 0:2.0] |
I | Il
| + + |
Rung 2:3

| I
| - +END+ |
|
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Scaling and Range This example demonstrates the addressing of analog VO and the

Checking of Analog Inputs scaling and range checking of analog input and output values. An
NIO4V is placed in slot 1 of an SLC 500 system. A 0 to 200 psi

and Outputs

pressure sensor is input as a 4 mA to 20 mA signal to input channel

0. The input value is checked to ensure it remains within the 4 mA to
" 20 mA range.
i
It is then scaled and output as a 0 to 2.5 volt signal to a panel meter
pressure display connected to output channel 0. If an out-of-range
L condition is detected a flag bit will be set. The scaling operation is
i shown below.

The graph displays the linear relationship between the input value

and the resulting scaled value.

Figure 6.5

8192
{scaled max.) ——
m ot Scaled
: Value
0 ]
(scaled min.) 3217 16384
(lnput min) (mpu( max)

Input Value

Calculating the Linear Relationship

Use the following equations to express the linear relationship
between the input value and the resulting scaled value:

Scaled value = (input value x slope) + offset
Slope = (scaled max, - scaled min.)/ (input max, ~ input min.)

(8192 - 0) / (16384 — 3277) = 8192/13107

Offset = scaled min, - (input min. x slope)
0-3277 (8192/13,107) = -2048

Scaled value = {input value x (8192/13017)) - 2048
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Programming Examples 6-21

Rung 2:0

This equation can be implemented using integer math capabilities of
the SL.C 500 system. Three example programs are shown. The first
runs on any SLC 500 processor and the second uses the scaling
instruction available on the SLC 5/02 and later processors. The third
program uses the SCP (scale with parameters) instruction available
only with SLC 5/03 (0S302 or later) and SLC 5/04 (OS401 or later).

In the first example program the analog input value is checked
against the minimum and maximum allowable input values.

If the input is out-of-range, the output value is set to its minimum or
maximum value. If the input value is in range the output value is
determined by scaling the input. To scale an analog input, follow
these steps:

1. Multiply the input by the scaled range
Scale range=(scaled max. - scaled min.).

2. Divide the 32 bit result by the input range

Input range=(input max. — input min.).

3. Add in the offset value (in this case negative). The final value is
then moved to the analog output channel 0.

The multiply operation will generate an overflow bit and minor error
flag whenever the results exceed 16 bits. Since the divide is carried
out on the 32 bit result in the math register, the overflow does not
present a problem. The minor error flag has to be cleared before the
end of the program scan to avoid a system error.

Refer to the example ladder diagram on that follows.

Using Standard Math Instructions

Check for below range.

| +LES
| -+LESS THAN
|Source A

Source B

+

|
|
|
I
I
|
[
|
I
|
|
I

+ B3 |

B e +=-={ ) - +—|
I:1.0] | 0 |1
| | |1
3277| | |l
| | I

— | I

| +MOV-———mmm e m + ||

+-+MOVE +-+ |

| Source o) |

| (.

|Dest 0:1.0] |

I |

+ |

+

Ladder logic continued on the next page.
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6-22 Programming Examples

Rung 2:1
Check for above range.
| +GRT + B3 ]
| -+GREATER THAN + ———— 4==( )= = |
| |Source A 1:1.0]) | 1 (|
|1 | | |1
| |source B 16384 | 11
|1 | | 1|
| + + | ||
| | +MoV + |1
| +—+MOVE 4+ |
| | source g192]| |
| ||
| |Dest 0:1.0| |
I | [
+ + |
Rung 2:2
Scale the analog input for the analog output.
| Multiply |
| by the scaled |
| range |
| |
| B3 B3 +MUL +
| /10 170 +=-+MULTIPLY =+
| 0 1 | |source A 1:1.0] | |
| | | |11
| | |source B 8192| | |
| | | [ 11
| | |Dest N7:0| | |
| || ol |1
| |+ + ||
| | |1
| | Divide 1 |
| | result by 11
| | the input | ]
| | range |
| | +pDV + 1
| +-+DOUBLE DIVIDE =+ |
| | |source 131207] | |
| | 1 I 1|
| | |pest N7:0| | |
| | I ol |1
| | +- + ||
| | Add offset |1
| | +aDpD + ||
| +-+ADD +—+ |
| | |source A N7:0| | |
| I | o] | |
| | |source B -2048]| | |
| || |1
| | |pest o:1.0] | |
| ! |1
| | 4-—mmmmmmm e + ||
| | clear flt (|
| | bit from 11
| | overflow |
| ! 8:5 |
| + (v + |
| 0 |
Rung 2:3
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Programming Examples 6-23

Scaling and Range
Checking of Analog Inputs
and Outputs

The scaling instruction available
realize a more efficient program.

in the SLC 5/02 processor is used to
The scaling instruction uses the

same multiply, divide and add algorithm but it does so with a single
rate instead of the scaled range and input range values. The rate is

determined by:

Rate = (scaled range / input range) x 10,000

For the programming example the rate = 6250

Using SCL Instruction

Rung 2:0

Check for below range.

| +LES + B3 |
| -+LESS THAN + -— - ) +-]
| |source A 1:1.0] | 0 | 1
|| | | Pl
| |Source B 3277| | I 1
|| | | |
| #-=- + | |
| | +MOV-c—mmm e + | |
| +—+MOVE +=+ |
| | source ol |
| | [
| |pest 0:1.0] |
| | |
| + - -— |
Rung 2:1

Check for above range.

| +GRT-———— = + B3 |
| -+GREATER THAN S e T e +=|
| |source A I:1.0] | 1 | |
| | I ()
| |Source B 16384 | Il
[ | | | |1
| #mmmmmeee . | N
| | +MOV-——-——mmmm e + ||
| +-+MOVE +-+ |
| | source 8192| |
| | |
I |Dest 0:1.0] |
I | I
| + + |
Rung 2:2

Scale the analog input for the analog output.

I B3 B3 +SCL + |
I 1/t -1 1 +SCALE +=|
I 0 1 | source I:1.0] |
| | [ |
| |Rate {/10000) 6250| |
I | | |
| |ofEset -2048] |
| | [ |
| |Dest 0:1.0| |
| | |
| . . |
I I
Rung 2:3
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6-24 Programming Examples
Using the Scale with Parameters (SCP) Instruction (.
Rung 2:0
Ccheck for below range.
| +LES + B3 |
|-+LESS THAN + +==( ) +-|
| |source a I:1.0| | 0 | |
| | | |1
| |source B 3277| | | |
|1 | | | ]
| +- + | |
| | +Mov - + | |
| +-+MOVE +=+ |
| |Source o} |
| | -
| |pest o:1.0] |
| I I
| b ———————— e + |
Rung 2:1
check for above range.
| +GRT- + B3 |
| -+GREATER THAN + +==( ) += |
| |source A I1:1.0] | 1 | |
|1 I | [ 1
| |source B 16384 | | |1
|1 | | ||
| + + I l I
| | +MOV-———m=mm e + |
| +—+MOVE +=+ |
| | Source 8192] | .
1 | | i—
| |pest 0:1.0| |
| | (I
+ + |
Rung 2:2
Scale the analog input for the analog output.
| B3 B3 +SCP + |
| ====1/1--- 11 +SCALE W/PARAMETERS |
| 0 1 | Input 1:1.0| |
| | |
| | Input Min. 3277| |
| I Pl
| |Input Max. 16384 |
| I I
| |scaled Min. o |
| I |1
| |Scaled Max. 8192] |
||
|scaled oOutput 0:1.0]| |
| | [l
. .
|
Rung 2:3
|
_____ +END+ |
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Chapter 7

Preventative Maintenance

Maintenance and Safety

This chapter provides preventive maintenance information and safety
considerations when troubleshooting your SLC 500 system.

The printed circuit boards of the analog modules must be protected
from dirt, oil, moisture and other airbome contaminants. To protect
these boards, the SLC 500 system must be installed in an enclosure
suitable for the environment. The interior of the enclosure should be
kept clean and the enclosure door should be kept closed whenever
possible.

Regularly inspect your terminal connections for tightness. Loose
connections may cause improper functioning of the SLC 500 system
or damage the components of the system.

ATTENTION: To ensure personal safety and to
guard against damaging equipment, inspect
connections with incoming power OFF.

For general maintenance procedures for electrical equipment, refer to

the requirements specific to your region.

e Europe: Refer to the standards found in EN 60204 and your
national regulations. :

e United States: Refer to article 70B of the National Fire
Protection Association (NFPA). It describes general requirements
regarding safety related work practices.
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7-2 Maintenance and Safety

Safety Considerations
When Troubleshooting

Publlcatlon 1746-8.4 — January 1996

Safety considerations are an important element of proper
troubleshooting procedures. Actively thinking about the safety of
yourself and others, as well as the condition of your equipment, is of
primary importance. Refer to the Fixed or Modular /O Hardware
Installation and Operation manual for additional information on
troubleshooting.

The following section describes several safety areas you should be
aware of when troubleshooting your SLC 500 system.

Indicator Lights — When the red LED on the analog module is
illuminated it indicates that 24V dc power is applied to the module.

Activating Devices When Troubleshooting — When
troubleshooting, never reach into the machine to actuate a device.
Unexpected machine motion could occur. Use a wooden stick.

Stand Clear of Machine — When troubleshooting any SLC 500
system problem, have all personnel remain clear of the machine. The
problem could be intermittent, and sudden unexpected machine
motion could occur. Have someone ready to operate an emergency
stop switch in case it becomes necessary to shut off power to the
machine.

When troubleshooting, pay careful attention to this general warning:

ATTENTION: Never reach into a machine to actuate
a switch since unexpected machine motion can occur
and cause injury.

Remove all electrical power at the main power
disconnect switches before checking electrical
connections or inputs/outputs causing machine motion.

Program Alteration - There are several causes of alteration to the
user program, including extreme environmental conditions,
Electromagnetic Interference (EMI), improper grounding, improper
wiring connections, and unauthorized tampering. If you suspect the
program has been altered, check it against a previously saved
program on an EEPROM or UVPROM memory module.

Safety Circuits — Circuits installed on the machine for safety
reasons, like over travel limit switches, stop push buttons, and
interlocks, should always be hard-wired to the master control relay.
These devices must be wired in series so that when any one device
opens, the master control relay is de-energized thereby removing
power to the machine. Never alter these circuits to defeat their
function. Serious injury or machine damage could result.
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Appendix A

Analog Module
Specifications

General Specifications for
NI4, N1O4l, NIO4V, NO4,
and NO4V

Specifications

This section lists the specifications for the 1746-NI4, NIO4I, N1IO4V,
NOA4I and NO4V analog modules. They include:

e General specifications

e Current and Voltage input specifications

e Current and Voltage output specifications

Table A.A
Description Specification
SLC Communication Format 16 Bit Two's Complement Binary
Field Wiring to Backplane lsolation 500V dc
Update Time 512 ps for all channels in parallel
Recommended Cable Shielded Belden #8761
Maximum Wire Size #14 AWG (maximum)
Teminal Block Removable
Location 1746 chassis
Calibration Factory Calibrated (Refer to calibration
procedure, pg. C-2)
Noise Immunity NEMA Standard ICS 2-230
Environmental Conditions
Operating Temperature 0° lo +60° C (+32° to +140° F)
Storage Temperature —40° to +85° C (-40° to +185° F)
Relative Humidity 510 95% (non-condensing)
Agency Certification « CSA certified

(when product or packaging is
marked)

#CSA Class I, Division 2
Groups A, B, C, D certified
o UL listed
o CE marked for all applicable directives
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A2 Specifications

Table A.B
Catalog | Input Channels per Output Backpisne Current External 24V dc Power
1746- Module Chiaels,par Draw Supply Tolerance
Module 5V (max.) 24V (max.)
4 differential, voltage
Ni4 or current selectable NA 35 mA 85 mA NA
per channel, not
individually isolated
2 differential, voltage | 2 current
NIO4I or current selectable Pu{pgls. not 55 mA 145 mA NA
per channel, not individually
individually isolated | isolated
2 differential, voltage | 2 voltage
NIO4V or current selectable f)ut.pl'ns, not 55 mA 115mA NA
per channel, not individually
individually isolated | isolated
4 current
outputs, not 24 £10% at 195 mA max.
NO4L | NA ndvidualy | ™ [ 1™ | 51610264V do)®
isolated
4 voltage
outputs, not 24 +10% at 145 mA max.
NOAV ly NA individually S5mA | 1SMA 1 1 610 26.4V do)®
isolated
@ Required for some applications if SLC 24V power Is at a premium.
General Analog Input
Specifications for Ni4,
NI104i, NIO4V el
Description Specification
Converter Resolution 16 bit
Repeatability +1LSB
Location of LSB in /O image word 0000 0000 0000 0001
Non-linearity 0.01%
Common Mode Vollage Range -20 to +20 volts
Common Mode Rejection at 0 to 10 Hz (min.) 50 dB
Common Mode Rejeclion at 60 Hz (min.) 105 dB
Normal Mode Rejection at 60 Hz (min.) 55 dB
Channel Bandwidth 10 Hz
Step Response 60 ms at 95%
Conversion Method Delta-Sigma Modulation
Impedance fo ANL COM 500K ohms
Impedance channel to channel 1M ohms
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Current-Loop Input

Specifications for Ni4,

NIO4I, and NIO4V abis=AD

Description Specification

Input Range (Normal Operation) -20to +20 mA
Absolute Maximum Input Current -30 to +30 mA
Absolute Maximum Input Voltage +7.5V dc or 7.5V ac RMS
Current Input Coding -20 to +20 mA -16,384 to -+16,384
Input Impedance 250 Ohms
Resolution 1.22070 pA per LSB
Fult Scale 20 mA

Overall Accuracy at +25° C (77° F) (max.)

+0.365% of full scale

Overall Accuracy at 0° to +60° C
(32° to 140° F) (max.)

+0.642% of full scale®

Overall Accuracy Drift (max.)

+79ppm/5 C of full scale

Gain Error at +25° C (77° F) (max.)

+0.323%

Gain Emor at 0° to +60° C
(32° to 140° F) (max.) i
Gain Error Drift (max.) +67ppm/° C
Offset Error at +25° C (77° F) (max.) "
{in=0, Vem=0) 7Lss
Ofiset Error at 0° to +60° C
4
(32° to 140° F) (max.) (iin = 0, Vem = 0) £4L®
Olfset Error Drift (max.) (lin = 0, Vem = 0) +0.20LSB/° C

© Refer lo Appendix C for a method 1o improve accuracy over temperature.
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Voltage Input

Specifications for Ni4,

NIOA4l, and NIO4V Tis AE

Description Specification

Input Range -10to+10Vdc-1LSB
Voltage Input Coding (~10 to +10V dc - 11SB) -32,768 o0 +32,767
Input Impedance 1M ohms
Resolution 305.176 uV per LSB
Full Scale 10V dc
Overall Accuracy at +25° C (77° F) (max.) 10.284% of full scale

Publication 1746-6.4 - January 1896

Overall Accuracy at 0° to +60° C
(32° to 140° F) (max.)

+0.504% of full scale®

Overall Accuracy Drift (max.)

+63ppm/° C of full scale

Gain Error at +25° C (77° F) (max.)

+0.263%

Gain Error at 0° to +60° C

[
(32° to 140° F) (max,) ol
Gain Error Drift (max.) +57ppm/° C
Ofiset Error at +25° C (77° F) (max.) +71SB
Offset Error at 0° to +60° C
(32° 10 140° F) (max.) 14158
Oftset Error Drift (max.) +0.20LSB/° C

Overvoltage Protection (max. across IN+ 1o IN~
terminals)

either 220V ac RMS continuously

or 220V dc continuously

O Rofer to Appendix C for a method lo improve accuracy over {emperatute.
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Specifications A-5

Current Output
Specifications for NIO4l
and NO4I Table A.F
Description Specification
Converter Resolution 14 bit :
Location of LSB in /O image word 0000 0000 0000 01XX
Non-linearity 0.05%
Conversion Method R-2R Ladder
Step Response 2.5 ms (at 95%)
Load Range 0 to 500 Ohms
Maximum Load Reactance 100 uH
Current Output Coding (0 to +21 mA - 1 LSB) 0to +32764
Output Range (Normal) Oto+20 mA
Overrange Capability 5% (0 to +21 mA - 1 LSB)
Resolution 2.56348 pA per LSB
Full Scale 21 mA

Overall Accuracy at +25° C (77° F) (max.)

+0.298% of full scale

Overall Accuracy at 0° fo +60° C
(32° to 140° F) (max.)

30.541% of full scale

Overall Accuracy Drift (max.)

+70ppm/° C of full scale

Gain Error at +25° C (77° F) (max.) 10.298%
Gain Error at 0° to +60° C 0

{32° to 140° F) (max.) =l

Gain Error Drift (max.) +62ppm/° C
Offset Error at +25° C (77° F) (max.) +10LSB
Offset Error at 0° to +60° C

(32° to 140° F) (max.) 12158
Offset Error Drift (max.) +0.06 LSB/° C
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A-6 Specifications

Voltage Output
Specifications for NIO4V
and NO4V

Publication 1746-6.4 ~ January 1996

Table A.G
Description Speclfication
Converter Resolution - 14 bit
Location of LSB in /O image word 0000 0000 0000 01XX
Non-linearity 0.05%
Conversion Method R-2R Ladder
Step Response 2.5 ms (at 95%)
Load Range 1K to e Ohms
Maximum Load Current 10 mA
Maximum Load Reactance 1uF
Voltage Output Coding (-10 to +10V dc-1LSB) | -32,768 1o +32,764

Oulput Range (Normal) -10 1o +10 volts— 1 LSB
Resolution 1.22070 mV per LSB
Full Scale 10V dc

Overall Accuracy at +25° C (77° F) (max.)

10.208% of full scale

Overall Accuracy at 0° to +60° C
{32° to 140° F) (max.)

+0.384% of full scale

Overall Accuracy Drift (max.)

+54ppm/° C of full scale

Gain Error at +25° C (77° F) (max.) +0.208% ¢
Gain Error at 0° to +60° C o e—
(32° to 140° F) (max.) H0.374% '
Gain Error Drift (max.) +47ppm/°® C

Ofiset Error at +25° C (77° F) (max.) +91LSB

Ofiset Error at 0° to +60° C

(32° 1o 140° F) (max.) e

Offset Error Drift (max.) +0.05LSBPC




Appendix B

Two’s Complement Binary
Numbers

The SLC 500 processor memory stores 16-bit binary numbers.

Two’s complement binary is used when performing mathematical
calculations internal to the processor. Analog input values from the
analog modules are returned to the processor in 16-bit two’s
complement binary format. For positive numbers, the binary notation
and two’s complement binary notation are identical.

As indicated in the figure on the next page, each position in the
number has a decimal value, beginning at the right with 20 and
ending at the left with 215. Each position can be 0 or 1 in the
processor memory. A 0 indicates a value of 0; a 1 indicates the
decimal value of the position. The equivalent decimal value of the
binary number is the sum of the position values.

Positive Decimal Values

The far left position is always O for positive values. As indicated in
the figure on the next page, this limits the maximum positive decimal
value to 32767 (all positions are 1 except the far left position). For
example:

0000 1001 0000 1110 = 2114284232241
= 2048+256+8+442 = 2318
0010 0011 0010 1000 = 213;:29,4:284.25,28
= 8192+5124256+32+8 = 9000
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B-2 Two's Complement Binary Numbers

Figure B.1
1x214=16384 16384
== 1x213=8192 8192
1x212= 4096 4096
— 1x!=2048 2048
—  1x210=1024 1024
— 1277512 512
—  1x28=256 256
e 1X277128 128
—  1x26=64 64
—  1x25=32 32
— 1x2%=16 16
—  1x23=8 8
12274 4
ml=2 2
[— w1 1
0111111111111111 32767
0x215=0  This posltion is always zero for positive numbers

Negative Decimal Values

In two’s complement notation, the far left position is always 1 for
negative values. The equivalent decimal value of the binary number
is obtained by subtracting the value of the far left position, 32768,
from the sum of the values of the other positions. In the figure on the
next page (all positions are 1), the value is 32767 — 32768 = -1. For
example:

1111 1000 0010 0011 =

(2144213;2124211425421420) - 215 =

(16384481 92+4096+2048+32+2+1) —32768 =

30755 - 32768 =-2013.
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Two's Complement Binary Numbers

B-3

Figure B.2

—  1x214=16384

—  1x2!3=8192
—  1x212=4096

—  1x2!1=2048

—  1x219=1024

—  12°=512

—  1x28=256

—  1x27=128

—  1x26=64

1x25=32

—  1x24=16
—  1x27=8
— 12274

=2
I e 1x20=1
1 1

||o1111111111111
|

1x2!5=1 This position is always 1 for negative numbers

16384

8192
4096

2048
1024
512
256
128
64

32
16

|-—NA -]

32767
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Appendix C

Calibrating an Analog
Input Channel

Optional Analog Input
Software Calibration

This appendix helps you calibrate an analog input channel using
software offsets to increase the expected accuracy of an analog input
circuit. Examples of equations and a ladder diagram are provided for
your reference. A software calibration reduces the offset error and
gain error at a given temperature by scaling the values read at
calibration time. (Refer to the Preface for a definition of terms).

The following procedure can be adapted to all analog inputs; current
or voltage. For this example the 1746-NI4 with a 4 mA to 20 mA
input is used. Refer to the 1746-N14 specifications in appendix A.
These specifications represent the worst case values. The overall
error for the NI4, which is guaranteed to be not more than + 0.365%
includes non-linearity, repeatability, offset error and gain error at a
given temperature.

The overall error of + 0.365% at 20 mA equates to + 60 LSB of
error, or a code range of 16324 to 16444. Any value in this range is
returned by an analog input channel at 20 mA. The expected nominal
value at 20 mA is 16384. After performing a software calibration the
overall error is reduced to 3 LSB, or a code range of 16381 to 16387.

The graph on the next page shows the linear relationship between the
input value and the resulting scaled value. The values in this graph
are from the example program.

Publication 1746-6.4 - January 1996



@,

S A

o

Cc-2 Optional Analog Input Software Calibration
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Figure C.1

20 mA = 16384
(scaleH) —

Scaled
Value

4mA =3277
(scale low) |

3267 16396
Low Value from card Hi Value from card

Input Value
Scaled Value vs. Input Value

Calculating the Software Calibration q_

Use the following equation to perform the software calibration:

Scaled Value = (input value x slope) + offset

Slope = (scaled max. —scaled min.) / (input max. — input min.)

Oftset = Scaled min. - (input min. x slope)

Procedure

1.

Place your SLC 500 system in the normal operating temperature.
Ensure that adjacent /O modules in your system do not cause
temperature fluctuations. For example, place high power and
random load /O modules away from your analog input module.

Determine the scaled high and low values you wish to use in your
application. In this example, scaled high is 16384 and scaled low
is 3277.

Using an analog input calibration source or your system’s input
device placed at the 4 mA position, capture the low value by
energizing the calibrate low input. Ensure that your low value lies
within the conversion range of your analog input.

Using an analog input calibration source or your system’s input
device placed at the 20 mA position, capture the high value by C
energizing the calibrate high input. Ensure that your high value

lies within the conversion range of your analog input.




Optional Analog Input Software Calibration c-3

5. Energize the calibrate input. This causes the SLC to calculate the
slope and offset values used to perform the error correction to the
analog input.

The analog channel is now calibrated to + 3 LSB at the calibration
temperature. Use the offset error drift and gain error drift to calculate
the amount of additional error that can be introduced into your
system due to temperature variation.

The recommended calibration period is once every 6 months. If an
application has a wide range of operating temperatures, a software
calibration should be performed every 3 to 4 months.

Example Ladder Diagram

The following ladder diagram requires 3 external inputs that are used
to perform the calibration procedure. Lo causes the ladder to capture
the 4 mA calibration value and Hi causes the ladder to capture the
20 mA calibration value. Cal causes the ladder diagram to scale the
Hi and Lo values to the nominal values, which provides the slope
and offset values used to calibrate the analog input channel.

The following symbols are used in this example:

Cal_Lo =1:1.0/0
Cal_Hi =I1:1.0/1
Calibrate =1:1.0/2
Conversion = N10:0/3
Enable

Analog_In =1.2.0
Lo_Value =N10:1
Hi_Value =N10:2
Scale_Hi =N10:3
Scale_Lo =N10:4
Scale_Span =N10:7
Span =NI10:9
Slope_x10K =N10:18
Offset =N10:19

Analog_Scl =N10:20
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R

SSPER,

W

{

Rung 2:0

| cal_Lo |
| I:1 N10:0 +MOV- + |
|-===1 [==-——- [OSR) ~—~ - ~+MOVE +-|
| 0 0 |Source  ANALOG_IN| |
| | 8000]| |
| | Dest LO_VALUE| |
| | 3267] |
| + + l
Rung 2:1

| cal_Hi |
| I:1 N10:0 +MOV- + |
| I [OSR) +MOVE +=|
| 1 1 |Source  ANALOG_IN| |
I | gooo| |
| |Dest HI_VALUE| |
| | 16396 |
| : -+ |
Rung 2:2

| calibrate |
] I:1 N10:0 +SUB + |
| 10 (OSR] - +-+SUBTRACT TO—— +|
| 2 2 | |Source A HI_VALUE| 11
| |1 16396| | |
| | |Source B LO_VALUE| | |
| |1 3267] ||
| | |pest SPAN| 11
| 1 13129] ||
| |+ -+ ||
| | +SUB----=-==m——mmm= + 11
| +~+SUBTRACT o + |
| | |Source A SCALE_HI| 11
| [ 16384| Il
| | |Source B SCALE_LO| | |
I |1 3277| P
| | |pest SCALE_SPAN| 11
I || 13107| [l
i I |
| | +MUL-------====——m—————- + |
| +-+MULTIPLY =+ |
| | |Source a SCALE_SPAN| | |
I (I 13107] | |
| | |source B 10000| | |
| I 1 |11
| | |Dest N10:16| | |
| |1 32767| | |
| | + e e 1)
| | +DDV + 1 1
| +-+DOUBLE DIVIDE e + |
| | |source SPAN | 11
| |1 13129| ||
| | |pest SLOPE_X10K| | ]
| || 9983 | I
| |+ + 1

Ladder logic continued on the next page.

.
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o
h

| | +MUL -+ |
| +-+MULTIPLY -
| | |Source A LO_VALUE| |
| | | 3267| |
I | |Source B SLOPE_X10K| |
I | 9983| |
| | |pest N10:5]| |
| ]| 32767| |
l | + + |
| | +DDV . I
| +-+DOUBLE DIVIDE S +
| | |source 10000 |
l | | | I
| | |pest N10:6| |
| | ] 3261 |
| | + - |
| | +suB + |
| +~+SUBTRACT . +
| | |Source A SCALE_LO| |
I |1 3277 |
| | |source B N10:6]| |
| | | 3261 [
| | |Dest OFFSET| |
| || 16| |
| | + + l
| | s:5 |
| +—=(U) - +
I 0
Rung 2:3
| conversion
| Enable
| n10:0 +MUL .
| 1 (- +-+MULTIPLY e
[ 3 | |source A ANALOG_IN| |
I | | 8000} |
| | |Source B SLOPE_X10K| |
| || 9983] |
| | |Dest N10:8| |
| I | of |
| | + + |
| | s:5 |
I +==(U) +
| | 0 |
| | +DDV-——mommmm e + ]
| +-+DOUBLE DIVIDE RS +
I | |source 10000 |
I |1 | |
| | |pest N10:12| |
| I 0] |
| I + |
| ]
| | +ADD + I
I +-+ADD om————— +
| |Source A N10:12|
[ | 0|
| |Source B OFFSET |
I | 16|
| |pest  ANALOG_SCL|
| | 8002|
| + +
Rung 2:4
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Appendix D

Module Input and Output
Circuits

Figure D.1

Input Circuit for 1746-NI4, -N104], and -N104V AN 500K
Modules

N- > 81,52

N+ > 250 Q

Filter |— AtoD

001 pF

ANL

COM > Switches S1 and S2 control
whether the input circuit is for
current (closed) or voltage {open).

Voltage Output Circuit for 1746-NIO4V Posilive Voltage Supply
Modules
. l 30K
10K l 0 022 uF
W | A2 > VOLTAGE
from >—IV\,—— ouT

1 pF
DAC EE gﬁ > ANLCOM

Negative Voltage Supply

Current Output Circuit for 1746-N104I

Modules
l 11 nF
Amp -
from >- +
DAC > CURRENT
01uF OUT
1 > ANL COM
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D-2 Module Input and Output Circuits

Figure D.2 ( -
Isolation Diagram -

R EE bbbt -~ " :

Ratin !

é <« 500Vdec—™ s

Circuit for I .

: —AAA—— Current Input ' :

. 500KQ2 i H

& ]

Transfomer :
* / Isolation _:..]

500KQ

tit

Rectifier l
Filter and : Converter
Regulation | Primary
1
1

Circuit for
: Voltage Input .;!7_
5- 500KE I 500KQ
\ Optical

" Isolation

: AtoD \L
@—(],7 500KQ 2 500k S g:] SE

: ]

: | Slr.fC : G

' nterface

: /', | Circuit

. AbD

E BV Converter . (:onrtngch':

' Circuit for (

' SLC-50(
435 Current Qutput ¥ C System
N

' I:: DtoA l

3 Converter
—

@, I ANL COM é;'j ! %
: DtoA
: ' Converter !
1 r- '
: I
1

Circuit for
10KQV0Italge O Connection
:] 0.01 uF to Chassis
' ANL 1
: coM 47—1 |I m L
' ¥
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A/D Conversion, P-2
Addressing Analog Modules, 42

Addressing and Scaling Outputs
Calculating the Linear
Relationship, 6—8
overview, 6—8
Using Standard Math, 6—10
Using the Scale with Parameters
(SCP) Instruction, 6—12

Addressing, Out-of-Range
Detection, and Scaling of Analog
Inputs

Calculating the Linear
Relationship, 6—2

Calculating the Out-of-Range Flag
Using the Scale Instruction,
6-3

overview, 6—1

Using Standard Math, 6—4

Using the Scale (SCL) Instruction,
6—6

Using the Scale with Parameters
(SCP) Instruction, 6—7

Allen-Bradley, contacting for
assistance, P—9

analog modules
addressing, 4-2
configuring, 3—4
inspecting, 5-2
installing, 3—6
minimizing electrical noise, 3—16
Specifications, A—1
system considerations, 4—10
types, 1-2
wiring, 3~10

B

Bit Level Addressing, 4—5

C

Calculating the Software Calibration,
C-2

CE certification, 3—1
channel, P—2

chassis, P—2

Choosing a Slot in the Chassis, 3—6
Common Mode Rejection, P—2
Common Mode Voltage, P—-2
Common Mode Voltage Range, P—2

Configuring Your Module
External Power Switch for the
1746-NO4I and NO4V, 3-5
Switch Settings for the 1746-N14,
3-4
Switch Settings for the 1746-N10O41
and NIO4V, 3-5

contacting Allen-Bradley for
assistance, P—9

contents of manual, P-7
Converting Analog Input Data, 4—7
Converting Analog Output Data,

Current Output Circuit for
1746-N104I Modules, D—1

D

D/A Conversion, definition, P—2
definitions, P—2

determining power requirements
fixed controller, 3—3
modular controller, 3—2

Differential Operation, P—2

Disconnect Prime Movers, 5-2

E
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Preface

Read this preface to familiarize yourself with the rest of the owner’s
guide. This preface covers:

» who should use this guide
» what this guide provides
* related Allen-Bradley documents

 terms & abbreviations you should know

Who Should Use This
Guide Use this guide if you design, install, program, or maintain a control
system that uses Allen-Bradley Small Logic Controllers.

You should have a basic understanding of SLC 500 products. You should
VG also understand electronic process control and the ladder program
m‘_‘\ ' instructions required to generate the electronic signals that control your
i application. If you do not, contact your local Allen-Bradley
representative for the proper training before using these products.

What This Guide Covers This guide covers the 1746s5c-NT8 thermocouple/millivolt analog input
module. It contains the information you need to install, wire, use, and
maintain these modules. It also provides diagnostic and troubleshooting
help should the need arise.

Related Allen-Bradley
Documents Table A lists several Allen-Bradley documents that may help you as you
use these products.
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Table A. Related Allen-Bradley documentation -~
Allen-Bradley Doc. No. Title
1747-2.30 SLC 500 System Overview
SGI-1.1 Application Considerations for Solid State Controls
17704.1 Allen-Bradley Programmable Controller Grounding and
Wiring Guidelines
1747-6.2 Installation & Operation Manual for Modular Hardware
Style Programmable Controllers
1747-NI001 Installation & Operation Manual for Fixed Hardware Style
Programmable Controllers
1747-6.4 Allen-Bradley Advanced Programming Software (APS)
User Manual
1747-6.11 Allen-Bradley Advanced Programming Software (APS)
Reference Manual
1747-6.3 Getting Started Guide for Advanced Programming
Software (APS)
ABT-1747-TSG001 SLC 500 Software Programmers's Quick Reference
Guide
1747-NP002 Allen-Bradley HHT (Hand-Held Terminal) User Manual )
1747-NM009 Getting Started Guide for HHT (Hand-Held Terminal) “
SD499 Allen-Bradley Publication Index
AG-7.1 Allen-Bradley Industrial Automation Glossary

To obtain a copy of any of the Allen-Bradley documents listed, contact
your local Allen-Bradley office or distributor.

Terms & Abbreviations
You Should Know You should understand the following terms and abbreviations before
using this guide.

A/D — Refers to analog-to-digital conversion. The conversion produces a
digital value whose magnitude is proportional to the instantaneous
magnitude of an analog input signal.

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

Channel - Refers to one of eight, small-signal analog input interfaces to
the modules’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 /O modules,
adapter modules, processor modules, and power supplies. (
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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 (CMRR) — The ratio of a device’s
differential voitage 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 terminal relative to
ground.

Common mode voltage — The voltage difference between the negative
terminal and analog common during normal differential operation.

Configuration word — Contains the channel configuration information
needed by the module to configure and operate each channel. Information
is written to the configuration word through the logic supplied in your
ladder program.

Cut-off frequency — The frequency at which the input signal is
attenuated 3 dB by the digital filter. Frequency components of the input
signal that are below the cut-off frequency are passed with under 3dB of
attenuation for low-pass filters.

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.

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 that
do not vary due to noise.

Full-scale error (gain error) — The difference in slope between the
actual and ideal analog transfer functions.

Full-scale range (FSR) — The difference between the maximum and
minimum specified analog values.

Gain drift — The change in full-scale transition voltage measured over
the operating temperature range of the module.

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 CIC inputs, which you must
compute to fit your application’s temperature or voltage resolution.

Local system — A control system with /O chassis within several feet of
the processor, and using 1746s¢-C7 or 1746-C9 ribbon cable for
communication.
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LSB (least significant bit) — The bit that represents the smallest value s
within a string of bits. The “weight™ of this value is 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 noise signals between or
among circuit signal conductors, but not between the equipment
grounding conductor or signal reference structure and the signal
conductors.

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 I/O
Adapter.

Resolution — The smallest detectable change in a measurement, typically
expressed in engineering units (e.g. 0.15C) or as number of bits. For
example, a 12-bit value has 4,096 possible counts. It can therefore be
used to measure 1 part in 4096.

Sampling time — The time required by the A/D converter to sample an _
input channel. & é

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 - The time required for the A/D signal to reach 95%
of its expected, final value, given a full-scale 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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Table 5. Maximum current drawn by the module ~
5VDC Amps 24VDC Amps
0.120 0.070

When using the module in a modular system, add the values shown above
to the requirements of all other modules in the SLC 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 2-slot I/O chassis.

Considerations for a Modular System

Place your module in any slot of an SL.C-500 modular, or modular
expansion chassis, except for the left-most slot (slot 0) reserved for the
SLC processor or adapter modules.

Considerations for a Fixed Controller

The power supply in the 2-slot SLC 500 fixed I/O chassis (1746-A2) can

support only specific combinations of modules. Make sure the chassis - f‘é
power supply can support the NT8 and additional module power '
requirements.

Selecting A Rack Slot Two factors determine where you should install your module in the rack:

ambient temperature and electrical noise. When selecting a slot for your
module, try to position your module:

* in arack close to the bottom of the enclosure (where the air is cooler)

* away from modules that generate significant heat, such as 32-point
input/output modules

* in aslot away from ac or high-voltage dc modules, hard contact
switches, relays, and ac motor drives

* away from the rack power supply (if using a modular system)

Remember that in a modular system, the processor always occupies the
first slot of the rack.
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Module Installation and
Removal

CAUTION
POSSIBLE EQUIPMENT OPERATION

Before installing or removing your module, always
disconnect power from the SLC 500 system and from any
other source to the module (in other words, don’t “hot
swap” your module), and disconnect any devices wired to
the module.

Failure to observe this precaution can cause unintended
equipment operation and damage.

To insert your module into the rack, follow these steps:

1. Align the circuit board of your module with the card guides at the top
and bottom of the chassis.

Figure 1. Module insertion into a rack

Qo
poo

L

2. Slide your module into the chassis until both top and bottom retaining -
clips are secure. Apply firm even pressure on your module to attach it
to its backplane connector. Never force your module into the slot.

|
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Cover all unused slots with the Card Slot Filler, Allen-Bradley part
number 1746-N2.

Terminal Block Removal

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.

2. Using a screwdriver or needle-nose pliers, carefully pry the terminal
block loose. When removing or installing the terminal block be
careful not to damage the CJC sensors.

Figure 2. Terminal block diagram with CJC sensors

<«+— Terminal Block
Release Screws

CJC Sensors ——»

HHEHE0EEEREREEEaEEa

CJC Sensors ———»

Terminal Block

" Release Screws

n
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Wiring Your Module

CAUTION

POSSIBLE EQUIPMENT OPERATION

Before wiring your module, always disconnect power from
the SLC 500 system and from any other source to the
module.

Failure to observe this precaution can cause unintended
equipment operation and damage.

Follow these guidelines to wire your input signal cables:

» Power, input, and output (I/O) wiring must be in accordance with

Class 1, Division 2 wiring methods [Article 501-4(b) of the National
Electrical Code, NFPA 70] and in accordance with the authority
having jurisdiction.

Route the field wiring away from any other wiring and as far as
possible from sources of electrical noise, such as motors, transformers,
contactors, and ac devices. As a general rule, allow at least 6 in.
(about 15.2 cm) of separation for every 120 V of power.

Routing the field wiring in a grounded conduit can reduce electrical
noise further.

If the field wiring must cross ac or power cables, ensure that they
cross at right angles.

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

For high immunity to electrical noise, use Belden 8761 (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.

Ground the shield drain wire at only one end of the cable. The
preferred location is at the shield connections on the terminal block.
(Refer to IEEE Std. 518, Section 6.4.2.7 or contact your sensor
manufacturer for additional details.)

Keep all unshielded wires as short as possible.

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



12

SLC 500™ Thermocouple/mV Input Module

Follow system grounding and wiring guidelines found in your SLC
500 Installation and Operation Manual.

Preparing and Wiring the Cables

To prepare and connect cable leads and drain wires, follow these steps:

Signal Wires (Remove foil shield and drain wire

fg from sensor-end of the cable.)

Drain Wire Signal Wires

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

1.
2.

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

Trim signal wires to 5-inch lengths beyond the cable casing. Strip
about 3/16 inch (4.76 mm) of insulation to expose the ends of the
wires.

. At the module-end of the cables (Figure 3.1):

- extract the drain wire and signal wires
- remove the foil shield

- bundle the input cables with a cable strap

. Connect pairs of drain wires together, Channels 0 and 1, Channels 2

and 3, Channels 4 and 5, Channels 6 and 7. Keep drain wires as short
as possible.

. Connect the drain wires to the shield inputs of the terminal block.

Channel 0 and 1 drain wires to pin 5
Channel 2 and 3 drain wires to pin 10
Channel 4 and 5 drain wires to pin 15

Channel 6 and 7 drain wires to pin 20

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

Important: Only after verifying that your connections are correct for
each channel, trim the lengths to keep them short. Avoid cutting leads
too short.

. Connect TB1 chassis ground connector to the nearest chassis

mounting bolt with 14 gauge wire. (Looking at the face of the
module, TB1 is near the lower part of the terminal block on the
primary side of the PCB.)

R

| 2N

-
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8. 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: If noise persists, try grounding the opposite end of the cable,
instead (Ground one end only.)

Important: For CE compliance, Ferrite EMI Suppressors are needed on
each channel’s terminal block connection. If remote CICs are installed,
shielded wire must be used and a Ferrite EMI suppressor is needed on
each CJC input connection. The drain wire of the CJC cable must be
connected to a shield connection at the module. Apply the suppressor
close to the module terminal block, as shown below. A Steward Part
28B2024-0A0 or equivalent is recommended. The Steward 28B2024-
0AO has an impedance of 157 £ at 25 MHz, 256 Q at 100 MHz, and can
accomodate one turn of wire.

Figure 3. Ferrite EMI suppressor for CE compliance

5
—_—
Module

Note: Please refer to Appendix C for additional informaticn on wiring
and using grounded junction, ungrounded junction and exposed juction
thermocouple types.
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THERMOCOUPLE or mV CABLE

Figure 4. Terminal block diagram with input cable

»
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Channel 6+

Channel 6-
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Channel 7+

Channel 7-

CJCB+
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The module also has a ground terminal TB1 which should be grounded to
a chassis mounting bolt with 14 gauge wire.

Cold Junction Compensation (CJC)

CAUTION
POSSIBLE EQUIPMENT OPERATION

Do not remove or loosen the cold junction compensating
temperature transducers located on the terminal block
unless you are connecting remote CJCs to the module.
Both CJCs are critical to ensure accurate thermocouple
input readings at each channel. The module will not operate
in thermocouple mode if a CJC is not connected.

Failure to observe this precaution can cause unintended
equipment operation and damage.




Chapter 2: Installing And Wiring Your Module 15

To obtain accurate readings from each of the channels, the cold junction
temperature (temperature at the module’s terminal junction between the
thermocouple wire and the input channel) must be compensated for. Two
cold junction compensating sensors have been integrated in the
removable terminal block. They must remain installed to retain accuracy.
If remote CJC compensation is desired, the sensors at the terminal block
must be removed and the external sensors wired to the CJCA and CICB
terminals. The remote CJC sensors must be Analog Devices AD592CN
T0-92 style temperature transducer devices. The module will not
function with any other CJIC sensor connected.
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Chapter 3

Things To Consider Before Using
Your Module

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

* module ID code

* module addressing

e channel filter frequency selection

¢ Channel turn-on, turn-off, and reconfiguration times

* response to slot disabling

Module ID Code The module ID code is unique number assigned to each type of 1746 I/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.

s/ With APS software, use the system I/O configuration display to manually
enter the module ID when assigning the slot number during the
configuration. Do this by selecting (other) from the list of modules on
the system I/O configuration display and enter 3533, the ID code for the
1746sc-NT8.

No special I/O configuration (SPIO CONFIG) is required. The module
ID automatically assigns the correct number of input and output words.

If you are using different programming software package, refer to the
documentation that came with your software.

Module Addressing The following memory map shows you how the SLC processor’s output
and input tables are defined for the module.
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Figure 5. Image table

Bit 15 Bito Address
Channel 0 Configuration Word Word0 Q.0
Channel 1 Configuration Word Word1  Ocel
Channel 2 Configuration Word Word2 Q.2
Thermocouple Channel 3 Configuration Word Word3 O3
SECEUA Module Channel 4 Configuration Word Wordd Oed
Data Files Ou Image Table = i
tput Channel 5 Configuration Word Word5 Q5
""""""""""" Scan Channel 6 Configuration Word Word6 - O:e.6
Slote Outout |
"""""""""" utput image Channel 7 Configuration Word Word7 07
Output Image 8 Words
Input
! - -Slot e e Scan nout |
T eptimage S Worte Channel 0 Data o Status Word Word0 ko0
Channe! 1 Data or Status Word Wordt kel
Channel 2 Data or Status Word Word2 le2
Channel 3 Data or Status Word Word3 led
Channel 4 Data or Status Word Word4  led
Channel 5 Data or Status Word Word5 le5
Channel 6 Data or Status Word Word6 leb
Channel 7 Data or Status Word Word7 le7
Bit 15 Bit0 Address

Output Image - Configuration Words

Eight words of the SLC processor’s output image table are reserved for
the module. Output image words 0-7 are used to configure the module’s
input channels 0-7. Each output image word configures a single channel,
and can be referred to as a configuration word. Each word has a unique
address based on the slot number assigned to the module.

Example Address - If you want to configure channel 2 on the module
located in slot 4 in the SLC chassis, your address would be 0:4.2.

Siot
File type Word

\O' .2’/

/N

Element Word
Delimiter Delimiter

Chapter 4, Channel Configuration, Data, and Status, gives you detailed
bit information about the data content of the configuration word.

En
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Channel Filter
Frequency Selection

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 are multiplexed since each channel has one
data word and one status word. The corresponding configuration word
selects whether the channel status or channel data is in the input image
word.

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.

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

Example Address - To obtain the status/data word of channel 2 (input
word 2) of the module located in slot 4 in the SLC chassis use address
I:4:2.

. Slot
File type Word
A
Element Word

Delimiter Delimiter

Chapter 4, Channel Configuration, Data, and Status, gives you detailed
bit information about the content of the data word and the status word.

The thermocouple module uses a digital filter that provides high
frequency noise rejection for the input signals. The digital filter is
programmable, allowing you to select from four filter frequencies for
each channel. The digital filter provides the highest noise rejection at the
selected filter frequency. The graphs to follow show the input channel
frequency response for each filter frequency selection.

Selecting a low value (i.e. 10 Hz) for the channel filter frequency
provides the best noise rejection for a channel, but it also increases the
channel update time. Selecting a high value for the channel filter
frequency provides lower noise rejection, but decreases the channel
update time.

The following table shows the available filter frequencies, cut-off
frequency, step response, and ADC effective resolution for each filter
frequency.
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Table 6. Cut-off frequency, step response time, and effective
resolution (based on filter frequency)

Filter Cut-Off Step ADC Effective
Frequency Frequency Response Resolution
10Hz 2.62 Hz 400 ms 205
50 Hz 131 Hz 80 ms 19.0
60 Hz 15.72 Hz 66.7 ms 190
250 Hz 65.5 Hz 16 ms 155

The step response is calculated by a 4 x (1/filter frequency) settling time.

Channel Cut-Off Frequency

The channel filter frequency selection determines a channel’s cut-off
frequency, also called the -3 dB frequency. The cut-off frequency is
defined as the point on the input channel frequency response curve where
frequency components of the input signal are passed with 3 dB of
attenuation. All frequency components at or below the cut-off frequency
are passed by the digital filter with less than 3 dB of attenuation. All
frequency components above the cut-off frequency are increasingly
attenuated, as shown in the graphs below.

The cut-off frequency for each input channel is defined by its filter
frequency selection. The table above shows the input channel cut-off
frequency for each filter frequency. Choose a filter frequency so that
your fastest changing signal is below that of the filter’s cut-off frequency.
The cut-off frequency should not be confused with update time. The cut-
off frequency relates how the digital filter attenuates frequency
components of the input signal. The update time defines the rate at
which an input channel is scanned and its channel data word updated.

~—’

45 |
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Figure 6. Signal attenuation with 10 Hz input filter
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Figure 8. Signal attenuation with 60 Hz input filter
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Figure 9. Signal attenuation with 250 Hz input filter
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Channel Step Response

The channel filter frequency determines the channel’s step response. The
step response is time required for the analog input signal to reach 95% of
its expected, final value given a full-scale step change in the input signal.
This means that if an input signal changes faster than the channel step
response, a portion of that signal will be attenuated by the channel filter.
Table 6 shows the step response for each filter frequency.

™,
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Update Time

The thermocouple module update time is defined as the time required for
the module to sample and convert the input signals of all enabled input

channels and make the resulting data values available to the SLC

processor. It can be calculated by adding the sum of all enabled sample

times, plus a CJC update time.

Channel 0 Disabled Channel 1 Disabled Channel 2 Disabled Channel 7 Disabled
Enabled Enabled Enabled Enabled
Sample Sample Sample Sample Sampls
Channel 0 Channel 1 Channel2 | w(1] Channel7 | ¢ c.c
B g 9)) > Channels
Update CJC Calculate Calculate Calculate Calculate
Previous Previous ——— Previous Previous

The following table shows the channel sampling time for each filter
frequency. It also gives the CJC update time.

Table 7. Channel Sampling Time
Channel Sampling Time for Each Filter Frequency (all values +1 msec)

Channel Sampling Time

60 Hz Filter 50 Hz Filter
125 msec 140 msec

10 Hz Filter
470 msec

250 Hz Filter
66 msec

CJC Update Time
290 msec

The times above include a settling time necessary between input channel
readings. The sampling times for filter frequencies listed do NOT
include a 45 msec open circuit detection time utilized when the channel
is configured for open-circuit detection. CJC open-circuit detection does
not require the additional 45 msec settling time.

The fastest module update time occurs when only one channel with a 250
Hz filter frequency is enabled.

Module update time = 290 msec + 66 msec = 356 msec

The slowest module update time occurs when eight channels, each using
a 10 Hz filter frequency, are enabled.

Module update time = 290 msec + 470 msec + 470 msec + 470 msec +
470 msec + 470 msec + 470 msec + 470 msec + 470 msec = 4.05 sec

Update Time Calculation Example

The following example shows how to calculate the module update time
for the given configuration:

Channel 0 configured for 250 Hz filter frequency, enabled
Channel 1 configured for 250 Hz filter frequency, enabled
Channel 2 configured for 50 Hz filter frequency, enabled
Channel 3 through 7 disabled
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Channel Turn-On, Turn-
Off, and Reconfiguration
Times

Auto-Calibration

Response to Siot
Disabling

Using the values from the table above, add the sum of all enabled
channel sample times, plus one CJC update time.

Channel 0 sampling time = 66 msec
Channel 1 sampling time = 66 msec
Channel 2 sampling time = 140 msec
CJC update time = 290 msec

Module update time = 562 msec

The time required for the module to recognize a new configuration for a
channel is generally one module update time plus 890 psec per newly
configured channel. If the filter frequency selected for the newly
enabled, configured channel is new to the module, then auto-calibration
will be performed following configuration recognition.

Turn-off time requires up to one module update time.

Reconfiguration time is the same as turn-on time.

Auto-calibration is performed by the module to correct for drift errors
over temperature. Auto-calibration occurs immediately following
configuration of a previously unselected filter frequency, and generally
every two minutes for all selected filter frequencies of the system. The
time required to perform auto-calibration is defined as follows:

Table 8. Auto-calibration Time

250 Hz Filter 60 Hz Filter 50 Hz Filter 10 Hz Filter

325 msec 525 msec 585 msec 1.975s

CIC sensors are acquired at 60 Hz to maximize the trade-offs between
resolution and update rate. For example, if some channels are acquired at
250 Hz and some are acquired at 50 Hz, then the total auto-calibration
time would be: '

250 Hz 325 msec
60 Hz 525 msec
50 Hz 5§85 msec

1.435 sec

During auto-calibration, input values are not updated.

By writing to the status file in the modular SLC processor, you can
disable any chassis slot. Refer to your SLC programming manual for the
slot disable/enable procedure.

[
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CAUTION
POSSIBLE EQUIPMENT OPERATION

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

Failure to observe this precaution can cause unintended
equipment operation.

Input Response

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

Output response

The SLC processor may change the thermocouple module output data
(configuration) as it appears in the processor output image. However,
this data is not transferred to the thermocouple module. The outputs are
held in their last state. When the slot is re-enabled, the data in the
processor image is transferred to the thermocouple module.
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Chapter 4

Channel Configuration

Channel Configuration, Data,
and Status

Read this chapter to:
» configure each input channel

s check each input channel’s configuration and status

Channel configuration words appear in the SLC controller’s output image
table as shown below. Words 0-7 correspond to module channels 0-7.

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

SLC Output Image (Configuration) Words

Ol

Oe.l

Oe2

023

Oed

O.e5
0:e.6

007

15 0
T ]

: Chénnai 0 cénﬁg:urati:on w:ord '

" Channel 1 Configuration Word o

N T oL M
T hmelsCinigred
: ' : : . :Cha:mnehc;lantig:urati:on\'{md: Ir : : :
o " Channel 5 ConfigurationWord o

: Chénnelﬁénfig:uraﬂim Wiord :

: (.‘.hi:irmaiI 7 c::mfig:l.lratl:on w:ord :

e = slot number of the module
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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:

* type of thermocouple or mV input

¢ data format such as engineering units, counts, or scaled for PID
* how the channel should respond to a detected open input circuit
* filter frequency selection

° temperature units in °C or °F

* whether the channel is enabled or disabled

* whether status or data information is selected for the module’s input
image table.

Channel Configuration

Procedure The channel configuration word consists of bit fields, the settings of
which determine how the channel will operate. This procedure looks at
each bit field separately and helps you configure a channel for operation.
Refer to the chart on the following page and the bit field descriptions that
follow for complete configuration information.

1. Determine which channels are used in your program and enable them.
Place a one in bit 0 if the channel is to be enabled. Place a zero in bit
0 if the channel is to be disabled.

2. Determine the input device type (J, K, etc. thermocouple) (or mV) for
a channel and enter its respective 4-digit binary code in bit field 1-4 of
the channel configuration word.

3. Select a data format for the data word value. Your selection
determines how the analog input value from the A/D converter will be
expressed in the data word. Enter your 2-digit binary code in bit field
5-6 of the channel configuration word.

4. Determine the desired state for the channel data word if an open
circuit condition is enabled and detected for that channel. Enter the 2-
digit binary code in bit field 7-8 of the channel configuration word.

5. If the channel is configured for thermocouple inputs or the CIC
sensor, determine if you want the channel data word to read in degrees
Fahrenheit or degrees Celsius and enter a one or a zero in bit 9 of the
configuration word. If the channel is configured for a mV analog
sensor, enter a zero in bit 9,
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. Determine the desired input filter frequency for the channel and enter

the 2-digit binary code in bit field 10-11 of the channel configuration
word. A lower filter frequency increases the channel update time, but
also increases the noise rejection and channel resolution. A higher
filter frequency decreases the channel update time, but also decreases
the noise rejection and effective resolution.

. Ensure that bits 12-14 contain zeros.

. Determine whether the channel input image word should contain data

or status. Place a one in bit 15 if channel data is desired. Place a zero
in bit 15 if status is desired.

. Build the channel configuration word for every channel on each

thermocouple / mV module repeating the procedures given in steps
1-8.

10. Enter this configuration into your ladder program and copy it to the

thermocouple module.
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A detailed explanation appears in the following table:

Table9. Channel Configuration Word (0:e.0 through O:e.7)-
Bit Definitions

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Channel Channel disable 0
Enable Channel enable 1

Thermocouple Type J

Thermocouple Type K

Thermocouple Type T

Thermocouple Type E

Thermocouple Type R

Thermocouple Type S

Thermocouple Type B
Input Thermocouple Type N
Type +50 mv

+100 mV

Invalid

invalid

Invalid

Invalid
Invalid

CJC temperature

_L_L-L_A-L_A_L-Loooooooo

-4 44 4 0000 =+ a2 uwas0000

Engineering Units x10
Data Engineering Units x100
Format Scaled for PID

Proportional counts

- O = O

Zero on open circuit
Open Max. on open circuit
Circuit Min. on open circuit
Disabled

Temperature Degrees C@ 0

- 0 = O

Units Degrees F@
Channel 10 Hz input filter
fitter 50 Hz input filter
freq. 60 Hz input filter
250 Hz input filter
Unused Unused® 0 0 O

Invalid 1
input Image  Status word 0

Type Data word 1

@ For engineering units x1, values are exprassed in 0.1 degrees or 0.01 mV. For Englnearing units x10, values are expressed in 1.0 degreos o 0.1 mV.
@ When miliivolt Input type is selected, the bk satiing for temperature units is ignored.

@ Ensure unused bits 12-14 are aiways to be set to zeros,

- O = O

p!l
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Select Channel Enable (Bit 0)

Use the channel enable bit to enable a channel. The thermocouple
module only scans those channels that are enabled. To optimize module
operation and minimize throughput times, unused channels should be
disabled by setting the channel enable bit to zero.

When set (1) the channel enable bit is used by the module to read the
configuration word information you have selected. While the enable bit
is set, modification of the configuration word may lengthen the module
update time for one cycle. If any change is made to the configuration
word, the change will be reflected in the status word before new data is
valid (described in the last section of this chapter).

While the channel enable bit is cleared (0), the associated channel data/
status word values are cleared. After the channel enable bit is set, the
associated channel data/status word remains cleared until the
thermocouple module sets the channel status bit (bit 0) in the channel
status word.

Select Input Types (Bits 1-4)

The input type bit field lets you configure the channel for the type of
input device you have connected to the module. Valid input devices are
types J, K, T, E, R, S, B, and N thermocouple sensors and +50mV and
+100mV analog input signals. The channel can also be configured to
read the cold-junction temperature calculated for that specific channel.
When the cold-junction compensation (CJC) temperature is selected, the
channel ignores the physical input signal.

Select Data Format (Bits 5 and 6)

The data format bit field lets you define the expressed format for the
channel data word contained in the module input image. The data types
are engineering units, scaled-for-PID, and proportional counts.

The engineering units allow you to select from two resolutions, x1 or
x10. For engineering units x1, values are expressed in 0.1 degrees or
0.01mV. For engineering units x10, values are expressed in 1.0 degrees
or 0.1mV. (Use the x10 setting to produce temperature readings in whole
degrees Celsius or Fahrenheit.)

The scaled-for-PID value is the same for millivolt, thermocouple, and
CJC input types. The input signal range is proportional to your selected
input type and scaled into a 0-16,383 range, which is standard to the SLC
PID algorithm.

The proportional counts are scaled to fit the defined temperature or
voltage range. The input signal range is proportional to your selected
input and scaled into a (-32,768 to 32,767) range.
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Using Scaled-for-PID and Proportional Counts

The thermocouple module provides eight options for displayin g input
channel data. These are 0.1°F, 0.1°C, 1°F, 1°C, 0.01 mV, 0.1 mV, Scaled-
for-PID, and Proportional Counts. The first six options represent real
Engineering Units provided/displayed by the 1746sc-NTS$, and do not
require explanation. The Scaled-for-PID and Proportional Counts
selections provide the highest NT8 display resolution, but also require
you to manually convert the channel data to real Engineering Units.

The equations below show how to convert from Scaled-for-PID to
Engineering Units, Engineering Units to Scaled-for-PID, Proportional
Counts to Engineering Units, and Engineering Units to Proportional
Counts. To perform the conversions, you must know the defined
temperature or millivolt range for the channel’s input type. Refer to the
Channel Data Word Format table on the following page. The lowest
possible value for an input type is S Low and the highest possible value is
S

HIGH"

Scaling Examples
Scaled-for-PID to Engineering Units

Equation; Engr Units Equivalent =S, + [(Syuan=SLow) X (Scaled-for-PID value displayed/1 6384))

Assume type J input type, scaled-for-PID display type, channel data = 3421,
Want to calculate °C equivalent.
From Channel Data Word Format table, S, ,, = -210°C and S, yan = 760°C.

Solution: Engr Units Equivalent = -210°C + [(760°C-(-210°C)) x (3421/1 6384)] = -7.46°C.

Engineering Units to Scaled-for-PID

Equation: Scaled-for-PID Equivalent = 16384 x [(Engineering Units desired S ow!(SuanSiow)]

Assume type J input type, scaled-for-PID display type, desired channel
temp. = 344°C.

Want to calculate Scaled-for-PID equivalent.

From Channel Data Word Format table, S, = -210°C and Sy an = 760°C.

Solution: Scaled-for-PID Equivalent = 16384 x [(344°C - (-210°C))(760°C - (-210°C))] = 9357

Proportional Counts to Engineering Units

Equation; Engr Units Equivalent = S,ow+ {(Syuan~S.ow X [(Proportional Counts value displayed + 32768)/65536]}

Assume type E input type, proportional counts display type, channel data =
21567.

Want to calculate °F equivalent.

From Channel Data Word Format table, S, = -454°F an d Sy =1832°F

Solution: Engr Units Equivalent = -454°F + {[1832°F -(-454°F)] x [(21567 + 32768)/65536)) = 1441.3°F

e..
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Engineering Units to Proportional Counts

Equation: Proportional Counts Equivalent = {65536 x[(Engineering Units desired - S ow(Suan-SLow)} -32768
Assume type E input type, proportional counts display type, desired channel
temp. = 1000°F.

Want to calculate Proportional Counts equivalent.
From Channel Data Word Format table, SLOW = -454°F an d SHIGH = 1832°F.

Solution: Proportional Counts Equivalent = {65536 x[{1000°F - (-454°F))/(1832°F - (-454°F))]} - 32768 = 8916.
Table 10. 1746sc-NT8 Thermocouple Module - Channel Data

Word Format
Data Format
Input Engineering Units x 10 Engineering Units x 1 Proportional
Type ° Celsius ° Fahrenheit ° Celslus ° Fahrenheit Scaled-for-PID Counts
J 210 to 760 -346 to 1400 -2100 to 7600 -3460 to 14000 0to 16383 -32768 to 32767
K 270 to 1370 -454 to 2498 -2700 to 13700 -4540 to 24980 Oto 16383 -32768 to 32767
T 270 10 400 -454 to 752 -2700 to 4000 -4540 to 7520 0to 16383 -32768 to 32767
E -270 to 1000 -454 to 1832 -2700 to 10000 4540 10 18320 0 to 16383 -32768 to 32767
R 010 1768 3210 3214 0to 17680 320 to 32140 0to 16383 -32768 to 32767
S 0to 1768 3210 3214 0o 17680 320 t0 32140 0Oto 16383 -32768 to 32767
B 300 to 1820 572 to 3308 3000 to 18200 5720 to 327670 0to 16383 -32768 to 32767
N 0o 1300 3210 2372 0 o 13000 320 t0 23720 0to 16383 -32768 to 32767
50 mV -500 to 5002 500 to 5000 -5000 to 50009 -5000 to 50009 0o 16383 -32768 to 32767
100 mV -1000 to 1000Q <1000 to 10002 | -10000 to 100002 | -10000 to 100002 0to 16383 -32768 10 32767
CJC Sensor -25 to 105 -13to 221 250 to 1050 -130 to 2210 0to 16383 -32768 to 32767

(DTmahmmmamummwhmmmn (*F) shove 3276.6°F. Software treats K as over mnge emor.

@ When milivolts are selecied, the temperalure setting is ignored. Analog input data s the same for either *C or °F salection.
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Table 11. 1746sc-NT8 Thermocouple Module - Channel Data
Word Resolution
Data Format
Input Engineering Units x 10 Engineering Units x 1 Scaled-for-PID Proportional Counts
Type °Celslus  ° Fahrenheit | °Celsius °Fahrenheit | °Celsius  °Fahrenheit | °Celsius  ° Fahrenheit
J 1°Clstep 1°F/step 0.1°Cistep 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 0.0250°C/step | 0.0450°F/step
T 1°Clstep 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°Clstep 1°F/step 0.1°C/step 0.1°F/step | 0.0775°Clstep |0.1335°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°Cistep 0.0486°F/step
B 1°Clstep 1°F/step 0.1°C/step 0.1°F/step | 0.0926°C/step |0.1670°F/step | 0.0232°C/step 0.0417°F/step
1°Cstep 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
50mV® | 0.1mVistep | 0.1mVistep | 0.01mVistep 0.01mVistep | 6.104uV/step | 6.104uV/step | 1.526uV/step 1.5261V/step
$100mV® | 0.1mV/step | 0.1mV/step 0.01mVistep | 0.01mV/step | 12.21uV/step 12.21Vistep | 3.052uV/step | 3.052uVistep
CJC 1°C/step 1°F/step 0.1°C/step 0.1°F/step | 0.0079°Cistep |0.0143°Fistep 0.0020°C/step | 0.0036°F/step
Sensor

® When milivolts are selected, the temperature setting Is ignored. Anglog Input data is the same for either °C or °F ssiection,

Important: Data resolution is not equivalent to data accuracy. Input
accuracy of £5011V may span multiple steps for PID and
Proportional Counts data types. As an example a Type B
thermocouple temperature range of 0 to 1820°C provides a
voltage input range of 0 to 13.82mV to the NT8. This is a
very small input range and when it is scaled to PID or
proportional counts ranges a small input change will result
in many counts being changed.

Select Open Circuit State (Bits 7 and 8)

The open-circuit bit field lets you define the state of the channel data
word when an open-circuit condition is detected for that channel. This
feature can be disabled by selecting the disable option.

An open-circuit condition occurs when the thermocouple itself or its
extension wire is physically separated or open. This can happen if the
wire gets cut or disconnected from terminal block.

If either of the two CJC devices are removed from the module wiring
terminal, any input channel configured for either a thermocouple or CJC
temperature input will be placed in an open circuit condition. An input
channel configured for millivolt input is not affected by CIJC open-circuit
conditions.

The results of the data word in an open-circuit condition depend upon the
selection of bits 7 and 8.

If zero is selected, the channel data word is forced to 0 during an open-
circuit condition.

™,
&im
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Selecting maximum forces the channel data word value to its full scale
value during an open-circuit condition. The full scale value is
determined by the selected input type and data format.

Selecting minimum forces the channel data word value to its low scale
value during an open-circuit condition. The low scale value is
determined by the selected input type and data format.

Disabling the open-circuit selection may result in unintended operation
on a failure. Generally, with the open-circuit option disabled, the data
word remains unchanged. The open circuit error bit and the channel
LED will flag the condition until the error is resolved.

For example, if channel one is configured as a thermocouple type when
the CJC breaks in an open-circuit condition, if open-circuit detection is
disabled, the data word will remain unchanged. If the circuit selection is
set at minimum, the data word will be set to the low scale value for the
range and format.

Important: The open-circuit enabled gives about 45 msec added to a
channel’s update time. Disabling the open-circuit
detection removes the time adder. CJC sensors do not
require the additional time, thus it is recommended that
when using a channel for CJC sensor acquisition, the open
circuit selection is enabled.

Select Temperature Units (Bit 9)

The temperature units bit lets you select temperature engineering units
for thermocouple and CJC input types. Units are either degrees Celsius
(°C) or degrees Fahrenheit (°F). This bit field is only active for
thermocouple and CJC input types. It is ignored when millivolt inputs
types are selected.

Important: If you are using engineering units (x1 mode) and
Fahrenheit temperature units (i.e. 0.1°F), the full scale
temperature for thermocouple type B is not achievable
with 16-bit signed numerical representation. An over
range error will occur for that channel if it tries to
represent the full scale value. The maximum representable
temperature is 3276.7°F (instead of 3308°F).

Select Channel Filter Frequency (Bits 10 and 11)

The channel filter frequency bit field lets you select one of four filters
available for a channel. The filter frequency affects the channel update
time and noise rejection characteristics. A smaller filter frequency
increases the channel update time, but also increases the noise rejection
and channel resolution. A larger filter frequency decreases the noise
rejection, but also decreases the channel update time and channel
resolution.
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Channel Data/Status

Word

250 Hz setting provides minimal noise filtering. -

60 Hz setting provides 60 Hz AC line noise filtering.
* 50 Hz setting provides 50 Hz AC line noise filtering.
* 10 Hz setting provides both 50 Hz and 60 Hz AC line noise filtering.

When a CJC input type is selected, this field is ignored. To maximize the
speed versus resolution trade-off, CJC inputs are sampled at 60 Hz.

Unused Bits (Bits 12-14)

Bits 12-14 are not defined. Ensure these bits are always cleared (0).

Select Input Image Type (Bit 15)

The input image type bit allows you to select data or status information in
the channel’s input image word. When set (1) the module places channel
data in the corresponding input image word. When the bit is cleared (0)
the module places channel status in the corresponding input image word.

The actual thermocouple or millivolt input data values or channel status £k
reside in I:e.0 through I:e.7 of the thermocouple module input image file. ,@
The data values present will depend on the input type and data formats

you have selected. When an input channel is disabled, its data word is

reset (0).

Module Input Image (Data/Status) Word

Oe0

Oe.1

O:e2

O3

Qo4

Oe5
Qa6

0.7

15 0
i

T T | = | I I I L)

Cl:mnn:al 0 (':hnE:nel D'ata!$tatu:s Word

' CI:mnn:sl 1 (::han:nel I::'ataléltatu:s WO:rd

: cr:mnn:el 2 (f:han:nel lZiata!#tatuJ‘s Wo:rd

'L CI:mnn:el 3 ¢Iﬂ:nel D:atu!$iatu:s Wo:rd

'Jﬁannél 4 flzhﬂ:nel Bfatals:tatu:s Wg'rd

: CI:mnn:el 5 t:.‘han:nel D:ataf$tatu:s WO:rd

'L CI:mnn:el 6 ?han:nel DLatalétatu?. Wo:rd

[L CI:umnlhl 7 (}harﬂnel [éala)‘étaluis WO?d
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Channel Status
Checking

You can use the information provided in the status word to determine if
the input configuration data for any channel is valid per your
configuration in O:e.0 through O:e.7.

The channel status can be analyzed bit by bit. In addition to providing
information about an enabled or disabled channel, each bit’s status (0 or
1) tells you how the input data from the thermocouple or millivolt analog
sensor connected to a specific channel will be translated for your
application. The bit status also informs you of any error condition and
can tell you what type of error occurred.

A bit-by-bit examination of the status word is provided in the chart on the
following page.
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Table 12. Channel 0-7 Status Word (l:e.0 through I:e.7) - Bit ~

Definitions
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Channel Channel disabled 0

Status Channel enable 1
Thermocouple Type J 0 0 0 o
Thermocouple Type K 0 0 0 1
Thermocouple Type T 0 0 1t o
Thermocouple Type E 0 0 1 1
Thermocouple Type R 01 0 o
Thermocouple Type S 0O 1 0 1
Thermocouple Type B 01 1 o

Input Thermocouple Type N 0 1 1 1

Type +50 mVv 1 0 0 o
+100 mVv 1 0 0 1
Invalid 1 0 1t o
Invalid 1 0 1 1
Invalid 1 1 0 0
Invalid 1 1 0 1
Invalid 1 1 1 0
CJC temperature i 1 1 1
Engineering Units x1 0 0

Data Engineering Units x10 0 1

Format ‘Scaled for PID 10
Proportional counts 1 1
Zero on open circuit 0 0

Open Max. on open circuit o 1

Circuit Min. on open circuit 1 0
Disabled 1 1

Temperature Degrees C

Units Degrees F

Channel 10 Hz input filter 0 O

filter 50 Hz input filter o 1

freq. 60 Hz input filter 1 0
250 Hz input filter 1 1

Open circuit No error

error Open circuit detected

Under range No error

efror Under range condition

Over range No error

error Over range condition

Channel No error

error Channel error
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Important: If the channel for which you are seeking status is disabled,
all bit fields are cleared. The status word for any disabled
channel is always 0000 0000 0000 0000 regardless of any
previous setting that may have been made to the
configuration word.

Explanations of the status conditions follow.

Channel Status (Bit 0)

The channel status bit indicates operational state of the channel. When
the channel enable bit is set in the configuration word (bit 0), the
thermocouple module configures the selected channel and takes a data
sample for the channel data word before setting this bit in the status
word.

Input Type Status (Bits 1-4)

The input type bit field indicates what type of input signal you have
configured for the channel. This field reflects the input type defined in
the channel configuration word.

Data Format Type Status (Bits 5 and 6)

The data format bit field indicates the data format you have defined for
the channel. This field reflects the data type selected in bits 5 and 6 of
the channel configuration word.

Open Circuit Type Status (Bits 7 and 8)

The open-circuit bit field indicates how you have defined the open circuit
bits configuration word, and therefore, the response of the thermocouple
module to an open-circuit condition. This feature is active for all input
types, including CJC temperature input.

Temperature Units Type Status (Bit 9)

The temperature units field indicates the state of the temperature units bit
in the configuration word (bit 9).

Channel Filter Frequency (Bits 10 and 11)

The channel filter frequency bit field reflects the filter frequency you
selected in the configuration word.

Open Circuit Error (Bit 12)

This bit is set (1) whenever a configured channel detects an open-circuit
condition at its input. An open-circuit at the CJC sensor will also flag
this error if the channel input type is either thermocouple or CJC
temperature. A range error on the CJC sensor will also flag this bit if the
input type is a thermocouple type.



40

SLC 500™ Thermocouple/mV Input Module

Under-Range Error (Bit 13)

This bit is set (1) whenever a configured channel detects an under-range
condition for the channel data. An under-range condition exists when the
input value is equal to or below the specified lower limit of the particular
sensor connected to that channel.

Over-Range Error (Bit 14)

This bit is set (1) whenever a configured channel detects an over-range
condition for the channel data. An over-range condition exists when the
input value is equal to or above the specified upper limit of the particular
sensor connected to that channel.

Channel Error (Bit 15)

This bit is set (1) whenever a configured channel detects an error in the
configuration word, or an error has occurred while acquiring the ADC
data value. If during the auto-calibration process, the module detects an
out-of-range condition for the filter frequency selected for the channel,
the channel error bit will be set. An out-of-range condition occurring
during auto-calibration would be the result of an overly noisy
environment, whereby the module cannot maintain accuracy
specifications, thus flagging an error. The error bit is cleared when the
error condition is resolved. The channel data word is not updated during
a period of auto-calibration filter frequency tolerance errors.
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Programming Examples

Earlier chapters explained how the configuration word defines the way a
channel operates. This chapter shows the programming required to enter
the configuration word into the processor memory. It also provides you
with segments of ladder logic specific to unique situations that might
apply to your programming requirements. The example segments
include:

* initial programming of the configuration word

» dynamic programming of the configuration word

* verifying channel configuration changes

* interfacing the thermocouple module to a PID instruction

* monitoring channel status bit

=N \

S N Initial Programming To enter data into the channel configuration word (O:e.0 through O:e.7)
’ when the channel is disabled (bit 0 = 0), follow these steps. Refer to
page 30 (Table 9) for specific configuration details.

Example - Configure eight channels of a thermocouple module residing
in slot 3 of 1746 chassis. Configure each channel with the same
parameters.

Figure 10.Channel configuration

Configure Channel For:
Chanrel Enable Bit

Type K Thermocouple Input
Engineering Units x 10
Zero if Open Circut
Fahrenheit

10 Hz Filter Frequency

Not used

Data Word

L 1L ® @ @ 1L lL(_

This example transfers configuration data and sets the channel enable bits
of all eight channels with a single File Copy instruction.
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Procedure

1. Using the memory map function, create integer file N10. Integer file
N10 should contain eight elements (N10:0 through N10:7).

2. Using the APS software data monitor function, enter the configuration
parameters for all eight thermocouple channels into a source integer
data file N10.

Figure 11.Data table for initial programming

address 15 data 0 address 15 data 0
N10:0 1000 0010 0010 0011
N10:1 1000 0010 0010 0011
N10:2 1000 0010 0010 0011
N10:3 1000 0010 0010 0011
N10:4 1000 0010 0010 0011
N10:5 1000 0010 0010 0011
N10:6 1000 0010 0010 0011
N10:7 1000 0010 0010 0011
Press a key or enter value
N10:3/0 =
offline no forces binary data decimal addr File EXMPL
CHANGE SPECIFY NEXT PREV
RADIX ADDRESS FILE FILE
Fl F5 F7 F8

Dynamic Programming

3. Program a rung in your ladder logic to copy the contents of integer file
N10 to the eight consecutive output words of the thermocouple
module beginning with O:3.0.

Figure 12.Initial programming example

First Pass Bit
s:1

——
15

- COP

Initialize Module

COPY FILE

Source #N10:
Dest #0:3.

Length

0
0
8

On power up, bit $:1/15 s set for the first program scan, and Integer file N10 is sent to
the NT8 channel configuration words.

The following example explains how to change data in the channel

configuration word when the channel is currently enabled.

&
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Example - Execute a dynamic configuration change to channel 2 of the
thermocouple module located in slot 3 of a 1746 chassis. Change from
monitoring an external type K thermocouple to monitoring the CIC
sensors mounted on the terminal block. This gives a good indication of
what the temperature is inside the control cabinet. Finally, set channel 2
back to type K thermocouple.

Figure 13.Dynamic programming example

Program Listing
Rung 2:0 Set up all eight channels
s:1 - COP
oy § COPY FILE -
15 Source #N10:0
Dest #0:3.0
Length 8
Rung 2:1 Set channel 2 to CJC
s:1 B3 - MOV
——3 F——{ OSR ] SoVE T
0 0 Source N10:8
Dest 0:3.2
Rung 2:2 Set channe! 2 back to type K
I:1.0 B3 - MOV
]/ F——{ OSR 1 MOVE —
0 1 Source N10:2
Dest 0:3.2
Rung 2:3
| END |
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Figure 14.Data table for dynamic programming
address 15 data 0 address 15 data 0
N10:0 1000 0010 0010 0011 N10:8 1000 0010 0011 1111
N10:1 1000 0010 0010 0011
N10:2 1000 0010 0010 0011
N10:3 1000 0010 0010 0011
N10:4 1000 0010 0010 0011
N10:5 1000 0010 0010 0011
N10:6 1000 0010 0010 0011
N10:7 1000 0010 0010 0011
Important: While the module performs the configuration alteration, it
does not monitor input device data change at any channel.
Verifying Channel

When executing a dynamic channel configuration change, there will
always be a delay from the time the ladder program makes the change to
the time the NT8 gives you a data word using that new configuration
information. Therefore, it is very important to verify that a dynamic
channel configuration change took effect in the NT8 module, particularly
if the channel being dynamically configured is used for control. The
following example explains how to verify that channel configuration
changes have taken effect.

Example - Execute a dynamic configuration change to channel 2 of the
thermocouple module located in slot 3 of a 1746 chassis, and set an
internal “data valid” bit when the new configuration has taken effect. In
this example the input image of the channel is selected to contain the
channel status word.

ﬁl ]
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Figure 15.Programming for configuration changes example

Rung 20 Set up all eight channels
s:1 - COP
——3 COPY FILE
iS Source  #N10:0
Dest #0:3.0
Length 8
Rung 2:1 Set channel 2 to CJC
I:1.0 B3 -ﬁg\‘;s
0 { OSR0‘ Source  N10:8
Dest 0:3.2
Rung 22 Set channel 2 back to type K
I.1.0 B3 -:g:lm
i . S
s { osm. 1 Source  N10:2
Dest 0:3.2
Check that the configuration written to channel two
is being echoed back in channel two's status word.
Rung 2:3
- EQU
EQUAL B3
Source A T:3.2 ( }3
Source B 0:3.2
Rung 2:4
| END |
Figure 16.Data table for configuration changes
Data Table
address 15 data 0 address 15 data 0
N10:0 0000 0010 0010 0011 N10:8 0000 0010 0011 1111
N10:1 0000 0010 0010 0011
N10:2 0000 0010 0010 0011
N10:3 0000 0010 0010 0011
N10:4 0000 0010 0010 0011
N10:5 0000 0010 0010 0011
N10:6 0000 0010 0010 0011
N10:7 0000 0010 0010 0011
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Interfacing to the PID

Instruction

Rung 2:0

Rung 2:1

Rung 22

Rung 2:3

The thermocouple module was designed to interface directly to the SLC
5/02™ or later processor PID instruction without the need for an
immediate scale operation.

Example - Use NT8 channel data as the process variable in the PID
instruction.

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

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

In this example, the value 32,835 is the numeric equivalent of
configuration word N10:O for channel 0. It is configured for a type K
thermocouple, scaled-for-PID, zero the signal for an open ciruict, 10 Hz,
°C, and channel enabled.

Figure 17.Programming for PID Control Example

Program Listing
First Pass Bit Inftialize NT8 §
Channel 0 -

s:1 MOV — .
f——— rMOVE L__
15 Source N10:0

M

32,835
Dest 0:3.0
0

r PID
PID
Control Block N11:0 [
Process Variable I:3.0
Control Variable N11:23
Control Block Length 23

r SCL
SCALE

Source Nll:23

Rate [/10000]
Offset

Dest

The Rate and Offset parameters should be set per
your application. The Dest will typically be an
analog output channel. Refer to the APS User
Manual or Analog I/0 Modules User Manual for
specific examples of the SCL instruction.

- |
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Figure 18.Data table for PID Control

Data Table
address 15 data 0 address 15 data 0
N10:0 1000 0000 0100 0011

Monitoring Channel
Status Bits

The example shows how you could monitor the open circuit error bits of
each channel and set an alarm in the processor if one of the
thermocouples opens. An open circuit error can occur if the
thermocouple breaks, one of the thermocouple wires gets cut or
disconnected from the terminal block, or if the CJC sensors are not
installed or are damaged.

Important: If a CIC input is not installed or is damaged, all eight alarms
are set, and all eight channel LEDs blink.
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Rung2

Rung22

Rung23

Rung 24

Rung27

Rung 28

Figure 19.Monitoring channel status bits example

Progam Listing
First Pass Bt Initiafize NT8
s:1 rCop ———9'—
——- ¢ COPY FILE e
iS Source #N10:0
Dest $0:3.0
Length 8
Channel 0  Channel 0 Channel 0
Status Open Alarm
I:3.0 1:3.0 0:2.0
— t ]t —{ }
0 12 0
Channel 1  Channel 1 Channel 1
Status Open Alarm
I:3.1 I:3.1 0:’2.‘0
i i L) E LI
0 12 1
Channel 2  Channel 2 Channel 2
Status Open Alarm
I:3.2 1:3.2 0112-0
== 1t {)
0 12 2
Chanrel 3  Channel 3 Channel 3
Status Open Alarm
1:3.3 I:3.3 0:2.0
it ]k { )——
0 12 3
Channel 4  Channel 4 Channel 4
Status Open Alarm
I:3.4 I:3.4 0:2.0
—i ¢ ]t { )
0 12 4
Channel 5 Channel § Channel 5
Status Open Alarm
I:3.5 I:3.5 0:2.0
]t ]t { ]
12 5
Channel 6  Channel 6 Channel 6
Status Open Alarm
1:3.6 1:3.6 0:'2.0
s 3 { )
o 12 6
Channel 7  Channel 7 Channel 7
Status Open Alarm
1:3.7 I:3.7 0:2.0
p—1 1t { )
0 12 7
Figure 20.Data table for monitoring channel status bits
Data Table
address 15 data 0 address 15 data 0
N10:0 0000 0010 0010 0011 N10:4 0000 0010 0010 0011
N10:1 1000 0010 0010 0011 N10:5 0000 0010 0010 0011
N10:2 1000 0010 0010 0011 N10:6 0000 00120 0010 0011
N10:3 1000 0010 0010 0011 N10:7 0000 0010 0010 0011

¥
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This is an example of how to automatically switch between reading the »
channel status words and channel sensor data words. Specifically, this b
example shows a very simple method of utilizing a timer to periodically

switch between reading the channel status and data words.

The program utilizes a timer accumulator value to determine when to set $
up the configuration words, and when to read in the channel status and

channel data information. The channel status information is copied from

the 1:2.0 to I:2.7 registers into registers N7:10 to N7:17. The channel

data information is copied from 1:2.0 to I:2.7 into registers N7:0 to N7:7.

This allows sensor data and channel status information to be accessed at

any time from these registers. However, when the module channels are

configured to read sensor data, the channel status words (as reflected in

N7:10 to N7:17) are not being dynamically updated, and visa-versa.

A longer interval between reading in the channel status information could
be achived through the utilization of a combination of counters and
timers. If you are utilizing an SLC 5/03 or SLC 5/04 or later processor,

the internal processor clock registers S:40 to S:42 could be utilized to T
determine the timing.
Rung 2:0

Timer T4:0 counts out a five second interval. It’s accumulator indicates A

the progress it has made toward completion. The accumulator value shall
be utilized to determine when to set the channel configuration word to
send sensor data or to send status information.

A longer interval between transitions can be achived using a combination
of timers and counters.

— TON
TIMER ON DELAY k= (EN) —
Timer T4:0 [~ (DN)
Timer Base 0.01
Preset 1001
Accum 0 -
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Rung 2:1

This rung tests to see if T4:0.ACC is at a value between 800 and 950
counts. If so, the channel configuration words are defined (through the
Fill File command) to send status information.

— LIM — FLL
LIMIT TEST FILL FILE
Low Lim 800 Source 2195
Dest #0:2.0
Test T4:0.ACC Length 8
0
High Lim 950

Rung 2:2

This rung executes a Copy File command to move the channel status
word (as enabled in the previous rung) into registers N7:10 through
N7:17 for all thermocouple channels.

Though the module is quick about switching from sensor data to status
information. It is a good idea to give the module a little time to switch
modes. That is why there is a half second period in time between when
the channel is set-up to send the status word and when the status word is

read into the N7 table.
— LIM COP
LIMIT TEST COPY FILE
Low Lim 950 Source #1:2.0
Dest #N7:10
Test T4:0.ACC Length 8
0

High Lim 1000

s O
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Rung 2:3

This rung will copy the channel sensor data into registers N7:0 through
N7:7, about 2 seconds after the configuration word has been changed to
send sensor data.

Timing is important here. Because the channels are multiplexed, it can
take the module 2 seconds to update the channel input word with sensor
data, if it has been sending channel status information.

— LIM — COP
LIMIT TEST COPY FILE
Low Lim 200 Source #I:2.0
Dest #N7:0
Test T4:0.ACC Length 8
0
High Lim 750

Rung 2:4

This rung will set the channel configuration words for sending sensor
data, each time the timer completes a cycle. It also resets the timer.

T4:0 - FLL
] 4 FILL FILE

DN Source -30573
Dest #02:0
Length 8

T4:0
(RES}
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Chapter 6

Module and Channel
Diagnostics
P

Testing Your Module

This chapter describes troubleshooting with channel-status and module-
status LEDs. 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:

» module and channel diagnostics
e LED indicators
* Interpreting I/O error codes

 troubleshooting flowchart

The module operates at two levels:
¢ module level
e channel level

Module level operation includes functions such as power-up,
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 LEDs. When a
status LED is continuously ON, the status is OK.

Module Diagnostics at Power-up

At module power-up, the module performs a series of internal diagnostic
tests. If the module detects a failure, its module status LED remains off.

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 input.

When the module detects a failure of any channel diagnostic test, it
causes the channel status LED to blink and sets the corresponding
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LED Indicators

channel fault bit (bits 12-15 of the channel status word). Channel fault
bits and LEDs are self-clearing when fault conditions are corrected.

Important: If you clear the channel enable bit, channel status bits are

reset.

The module has nine LEDs:

* eight channel-status LEDs, numbered to correspond with each channel

= one module-status LED

LED for Module Status —

[ INPUT

Channel| (10 (] =
Status| (1] 7]
[Z1[E]

Module [(J((AI[Z] =

| THERMOCQUPLE/mV

LEDs for Channels 0-7

LED Troubleshooting Tables

Table 13. Module-status LED

if Module

Status LED Is: Then: Take this Corrective Action:

On The module is OK. No action required.

ot The module is turned off, Cycle power. If the condition persists,

or it detected a module
fault.

call your local distributor or Spectrum
Controls for assistance.

Table 14. Module-status and Channel-status LED

i Module
Status  |And Channel | Then: Take this Corrective Action:
LEDIs: |StatusLEDIs:
On The channel No action required.
is enabled.
Blinking The module Examine eror bits in status word
detected: if bit 12=1, the input has an open circuit
On open-circuit condition | if bit 13=1, the input value is under range
under-range condition | if bit 14=1, the input value is over range
over-ange condition | i bit 16=1, the channel! has a diagnostic
channel error
Ot The module is in No action is required.
power up, or the
channel is disabled.

e

&,



Chapter 6: Testing Your Module 55

Channel-status LEDs (Green)

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

* invalid channel configuration

e an open-circuit input

* out-of-range errors

* selected filter frequency data acquisition or auto-calibration errors

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

Open-circuit Detection (Bit 12)

If open-circuit is enabled for an input channel, the module tests the
channel for an open-circuit condition each time it scans its input. Open-
circuit detection is always performed for the CJC inputs. Possible causes
of an open circuit include:

* broken thermocouple or CJC sensor
+ thermocouple or CJC sensor wire cut or disconnected
» millivolt input wire cut or disconnected

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

* atype 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

« a CJC sensor may be damaged or the temperature being detected by
the CJC may be outside the CJC sensor range limits

Channel Error (Bit 15)

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

Configruation errors:

- configuration bits 1-4: invalid input type = 1010, 1011, 1100, 1101, or
1110
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- configuration bits 12-14: invalid non-zero bit setting ~
- invalid data acquisition of an input channel

- the filter frequency selected for the valid channel currently fails auto-
calibration range checks

Module Status LED (Green)

The module-status LED indicates when the module detects a
nonrecoverable fault at power up or during operation. For this type of
fault, the module:

* no longer communicates with the SLC processor
* disables all channels
* clears all data and status words

A module failure is non-recoverable and requires the assistance of your
local distributor or Spectrum Controls.

Interpreting VO Error

Codes I/O error codes appear in word S:6 of the SLC processor status file. The
first two digits of the error code identify the slot (in hexadecimal) with
the error. The last two digits identify the I/O error code (in hexadecimal).

The error codes that apply to your module include (in hexadecimal):
e 50-5E

e 71 (watchdog error)

* 90-94

For a description of the error codes, refer to the Allen-Bradley Advanced
Programming Software (APS) Reference Manual, Allen-Bradley
publication 1746-6.11.
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Figure 21. Troubleshooting Flowchart
Check LEDs
on module.
v
! ' : ! l
Module Module Channel Channel Channel
Status LED(s) Status LED(s;
Statui t%ED(s) Statg: .LED iy L (s) Statug II;'ED(s)
] ! ] ! el
Module fault Normal module l Channel is Channel is
condition, operation. Faull not enabled. enabled and
condition. working.
Check to see é Enable channel if
that module is m Are v desired by setting
seated properly faulted channel(s) m channel config.
in chassis. configured for mV or word (bit 0=1).
Cycle power. Retry.
thermocouple
input? .
— End
'
Is more than one
LED blinking?
Yes Check channel
CJC fault .;tattqszw%d
u its 12-15.
Channel error. Check
hﬂmrlr’:dﬂ? configuration word bits 1-4
for valid input type
l Bit15 configuration and insure
] set (1) its 12-14;10 i
Check that wiring is secure 00, ¥y 2. P
at both CJCs and that the
temperature within the
enclosure is in the range Over-range condition exists.
limits of the GJC sensor. The input signal is ?reater Yes
(Refer to Chapter One.) _ than the high scale limit for
| Bit14 the channel orthe CUC [
set (1) connections. Corect and s problem
Retry. corrected?
No
Under-range condition exists.
The input signal is less than
. the low scale limit for the
»{ Bit13 channelorthe CJIC [
set(1) connections. Correct and
Retry.
v v A J
. . Contact you local
Contact you local Contact you local An open-circuit condition iobri
distributor or distributor or | [Birz | [ispresent Checkchamnelana | | | dgiibutoror
SC%em set (1) CJC wiring for open or Controls.

locse connections. Retry.
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Chapter 7

Preventive Maintenance

Safety Considerations

Maintaining Your Module
And Ensuring Safety

Read this chapter to familiarize yourself with:
* preventive maintenance
o safety considerations

The National Fire Protection Association (NFPA) recommends
maintenance procedures for electrical equipment. Refer to article 70B of
the NFPA for general safety-related work practices.

The printed circuit boards of your module must be protected from dirt,
oil, moisture, and other airborme contaminants. To protect these boards,
install the SLC 500 system in an enclosure suitable for its operating
environment. Keep the interior of the enclosure clean, and whenever
possible, keep the enclosure door closed.

Also, regularly inspect the terminal connections for tightness. Loose
connections may cause a malfunctioning of the SLC system or damage to
the components.

WARNING
POSSIBLE LOOSE CONNECTIONS

Before inspecting connections, always ensure that
incoming power is OFF.

Failure to observe this precaution can cause personal injury and
equipment damage.

Safety is always the most important consideration. Actively think about
the safety of yourself and others, as well as the condition of your
equipment. The following are some things to consider:

Indicator Lights - When the module status LED on your module is
illuminated, your module is receiving power.

Activating Devices When Troubleshooting — Never reach into a
machine to activate a device; the machine may move unexpectedly. Use a
wooden stick.
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Standing Clear Of Machinery — When troubleshooting a problem with
any SLC 500 system, have all personnel remain clear of machinery. The
problem may be intermittent, and the machine may move unexpectedly.
Have someone ready to operate an emergency stop switch.

CAUTION
POSSIBLE EQUIPMENT OPERATION

Never reach into a machine to actuate a switch. Also,
remove all electrical power at the main power disconnect
switches before checking electrical connections or inputs/
outputs causing machine motion.

Failure to observe these precautions can cause personal injury
or equipment damage.

Safety Circuits - Circuits instailed on machinery for safety reasons (like
over-travel limit switches, stop push-buttons, and interlocks) should
always be hard-wired to the master control relay. These circuits should
also be wired in series so that when any one circuit opens, the master
control relay is de-energized, thereby removing power. Never modify
these circuit