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Notice:

OMRON products are manufactured for use by a qualified operator according to proper procedures
and only for the purposes described in this manual.

The following conventions are used to indicate and classify warnings in this manual. Always heed the
information provided with them.

DANGER! Indicates information that, if not heeded, could result in loss of life or serious
injury.

Caution Indicates information that, if not heeded, could result in minor injury or dam-
age to the product.

OMRON Product References

All OMRON product names are capitalized in this manual.

The abbreviation Ch, which appears in some displays and on some OMRON products, means word
and is sometimes abbreviated Wd in documentation.

Visual Aids

The following headings appear in the left column of the manual to help you locate different types of
information.

Note Indicates information of particular interest for efficient and convenient opera-
tion of the product.

1,2,3... 1. Indicates lists of one sort or another, such as procedures, precautions,
etc.

© OMRON, 1996

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form, or by any means, mechanical, electronic, photocopying, recording, or otherwise, without the prior written permis-
sion of OMRON.

No patent liability is assumed with respect to the use of the information contained herein. Moreover, because OMRON is
constantly striving to improve its high—quality products, the information contained in this manual is subject to change
without notice. Every precaution has been taken in the preparation of this manual. Nevertheless, OMRON assumes no
responsibility for errors or omissions. Neither is any liability assumed for damages resulting from the use of the informa-
tion contained in this publication.
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Quick Start Procedure Section 1-2

1-1  Terminology

The following terms are used throughout this manual. Review these terms as

necessary.

Note: Alerts the user about special features or procedures.

Caution: Indicates information that, if not heeded, could result
in minor injury or damage to the product.

DANGER!: Indicates information that, if not heeded, could result
in loss of life or serious injury.

2 Word Mode Refers to the 2 word communication mode between

the I/O module and the PLC’s CPU. This mode
communicates with the CPU using two 1/O words and
the Special I/O Read and Write commands.

4 Word Mode Refers to the 4 word communication mode between
the I/O module and the PLC’s CPU. This mode
communicates with the CPU using four I/O Words
and Standard Data Movement Instructions.

Data Memory Refers to the 16 bit register memory in the PLC’s
CPU used to store and manipulate data.

Bit Set by the user to enable a particular function.
0=OFF/DISABLE, 1=ON/ENABLE

LSB Least significant bit.

Jumper Pins Jumper pins consist of 16 pins per terminal. There

(8 sets of 16 pins) are eight terminals. Jumpers are installed on a pair of
pins to set a specific thermocouple type.

Jumpers (16) Jumpers are plastic devices. They are located under
the terminal block cover. Jumpers are used to
connect pairs of jumper pins for specific
thermocouple type.

Rotary Rotary switches are located at the back of the

switches (8) module and are used to set the type of thermocouple
input.

Captive Spring-loaded screws which are retained in the

screws (2) terminal block cover and used to secure this cover to
the module.

Terminal block A plastic cover located at the front of the module

cover which is used to cover and protect the internal
components of the module.

Terminal A device used to clamp-down electrical wiring to the

Connectors (24) module.

Word Indicates a memory location in the PLC data memory

or in the module memory map. A word can contain a
single piece of data or it can contain bits or flags for
each of 16 input points.

1-2 Quick Start Procedure

The following steps are used as a quick reference guide when installing and
setting up the module. For specific details, refer to the appropriate section.

1. Unpackingthemodule ........... ... ... ... .. Section 2
2. Setrotary switches and jumpers ........... ... .. ..l Section 3
3. Install the module onthe backplane ......................... Section 3
4. Wirethel/Oterminalblock ........... ... ... ... ..., Section 3
5. Record settings in the configuration worksheet ............. Appendix D
6. Power-up the module

7. Verify default ladder programs .......... ... ... oo Section 1
8. Check module indicators ............ ..o, Section 2



Default Ladder Programs Section 1-4

1-3 Default Settings

Default settings from the factory apply to the rotary switches and jumpers,
data format, and memory map.

1-3-1 Rotary Switches and Jumpers

Rotary switches and jumpers are factory set for all input points to J-Type
thermocouple(s). The interface mode is factory set to 2 word mode.

1-3-2 Data Format

The default data format is BCD which gives a resolution of 1°C or °F. Binary
data format gives a resolution of 0.1 C or F. The default range is J-Type, with
data reported as 0000 for 0 C, and 0760 for 760 C.

1-3-3 Memory Map

The module has a memory map that is used to store data and select the dif-
ferent functions that the module can perform.

1-4 Default Ladder Programs

The ladder diagram below is used in conjunction with the default settings. It
can be entered to read the thermocouple data and alarm flags for each input
point into the PLC data memory (DM) area. This program assumes that the
module is in its factory default settings.

C-series
25313
READ (88)
Always ON # 9 Read 9 locations from the Module
IR xxxx| Module I/O word from the I/O table
DM xxxx |  Starting word in DM area to store the
values read from the Module
CV-series
A50013
F—[READ(190) N=9 S=xxxx  D=xxxx]
Always ON N: Read 9 locations

S: module 1/O word
D: Start word to store data in DM

Alarm flags and analog conversion data is stored in PLC memory beginning
at the DM address specified in the ladder diagram instruction.

Data in PLC Memory
DM N Module alarm flags
DMN+1toN+8 Input conversion data in BCD
format, for inputs 1 to 8

1-5 Reference Manuals

CV Installation Manual W195
CV Operation Manual: Ladder Diagram w202
C1000H, 2000H Installation Manual W139
C1000H, 2000H Operation Manual W140
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Module Identification

Section 2-3

2-1

Unpacking the Module

To unpack the module, open the shipping carton and slide out the corrugated
insert containing the module. Remove the module from the insert, making
sure to retain the installation slip which accompanies the module. Keep the
shipping carton and corrugated insert in the event it becomes necessary to
return the module for service.

Caution:

The module components can be damaged by static electricity if not properly
handled. Therefore, appropriate static control precautions must be observed
during installation and setup.

2-2 Model Numbers

C500-TS501

8-Point Isolated Thermocouple Module

HO2TAZ2

Operation Manual for C500-TS501

2-3 Module Identification

The areas of the module are identified below:

TS501

RUN
ERROR
RANGE
comERR

Module with
front cover

@7

Module type

__Indicator

cover

Upper
captive
screw

Terminal
block cover

Lower

‘ D1 captive

screw

2/4 word
interface
mode jumper
[ o Q¢
[ o] — Indicators
[ o]
B RS-232C
connector
O
2
=2
=2
2|
[[2]
2
2]
[Z)
(2|
2|
2
12 )
a Terminal
connectors,
a jumpers,
2 and pins
2|
|2
2|
|2
2|
=)
=<
(2|
IIZ)
=2
=7
O

Module without
front cover

Mounting screw

A |
I
Backplane
connector
—
o]
o |
= Rotary
1] switches
1|
o |
1°|
1l =1
NS
Mounting
(o] screw
Back view of
module




Indicators

Section 2-4

2-4

Indicators

The indicator lights are located behind the indicator cover. To access this
area of the module, remove the indicator cover by rotating it clockwise or
counterclockwise until the cover is free, then lift the cover off. The indicators
allow the operator to monitor the status and operation of the module. Refer to
the chart which describes each indicator function. Refer to the illustration to
identify and locate the indicators and the connector.

Indicators

Function

RUN (Green)

When the indicator is illuminated, the microprocessor is
operating correctly.

ERROR (Red)

When the indicator is illuminated, an internal module
diagnostic failure, an out-of-range error, or a communication
error has occurred.

RANGE (Red)

When the indicator is illuminated, an input signal is outside
the selected range. This condition occurs when an enabled
input point is not connected to an thermocouple, or the
temperature has gone above or below the specific range.

COM ERR (Red)

When the indicator is illuminated, a communication error has
occurred when communicating over the serial port.

T/R (Orange)

When the indicator is illuminated, communication is occurring
over the serial port.

Indicator
cover

,
Indicators RUN (Green)
mE. | | 2/4 word ERROR (Red)
i interface ‘
< mode jumper RANGE (Red)
L COMM ERR (Red)
|
T/R LIGHT (Orange)
RS-232C — |°°
connector o

L\

Indicator cover
removed



Setting the Rotary Switches and Jumpers Section 2-5

2-5 Setting the Rotary Switches and Jumpers
2-5-1 Thermocouple Type

There are eight rotary switches located in the back of the module. Each
switch has a slotted dial which will accommodate a small, straight-blade
screwdriver. To set the input range for a specific thermocouple type, rotate
the rotary switch(es) until the arrow points to the specified numerical setting.
Refer to Section 3 of this manual for rotary setting instructions. In addition to
the rotary switches, there are sixteen plastic jumpers. Each jumper is
mounted on a pair jumper pins to set cold junction compensation. Refer to
Section 3 of this manual for jumper setting instructions.

w ‘ ‘ Jumper Settings
Terminal EEoo @
» 20 et B Front of module —
Ll - oo oo
Rotary  |o'r =’ N@"’ oo BT — e
itch1 |« Sa ‘0° ) mmool L) | -} Input point #1 X
switc Pvat'S Terminal oooo D ¢ [ o]
‘ 2 H stip2 — 12008 +
s ==y
Rotary  |o'«~Cs - a +
switch2 |« (M2 Rotary L D3 1| input point #2 B
‘ ‘ o switches (8) m=ool 2 c o
Rotar N Terminal E
switcgs AP stip3 —| cooo) E L . Jumpers (@\
‘ (o © @ §7 _— 1| Input point #3
5
Rotary o o @ D ¢ »%
switch 4 | @ + . 0
| ‘ 2 ° Terminal mmoo| || - r”pUt point #4 Terminal 2
Rotary  |,» 9 stip4 — [|comEm D lch|! connectors (24) i)
i oo oo e
swncr‘1 5 S a o coon _%
mwoo -~ 2
Rotary » 5 o, Terminal oo oo I
switch 6 | = ® strip5 —{22 ) + ‘ i Q)
‘ <5 ® oooo L) | - 1| Input point #5 I[Z
Rotary | »56 ] D lc + Jumper »%
swncr‘1 7 NV Eﬁ] o + i pins (16) -
Rot 2 Terminal S _— % | Input point #6
Ol al’y 13 6‘4 Strip 6 — oo oo 3 c
switchs % (|p)a = P =
“0® oomm S + .
£ | Input point #7
N2 Terminal @ i [
strip7 — [{oo oo .
cooo )
mmoo - rnput point #8
Somm <= il
Terminal oo oo *ZL
o) Wt e (7
cooo

Back of module

2-5-2 2/4 Word Mode Jumper

The communication mode of the module with the PLC is set by one jumper
located behind the indicator cover. The jumper is mounted on the upper two
pins for 2 word mode, and on the lower two pins for 4 word mode. Refer to
Section 5 for details on 2 word and 4 word mode communication.

2 Word
@ Mode

[} 4 Word

@ Mode

Front of module— |

L
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Installation and Wiring

Section 3-1

3-1
3-1-1

Installation and Wiring
Signal Requirements

Before setting input ranges, make sure to review the application require-
ments, temperature ranges or millivolt range, and input cable configuration.
Thermocouple signal cable generally have two signal wires which are labeled
plus (+) and minus (-). Verify the thermocouple’s plus and minus wire using
wire manufacture’s color code. The wire may also have an optional shield
wire. Use the configuration worksheet in Appendix D to record module set-
tings. Refer to this section for specific wiring examples.

3-1-2 Power Consumption

The module uses 5 volt power from the PLC power supply. The maximum
current consumption is 1.4 Amps. Refer to the CV Installation Manual W195
or C1000H Installation Manual W139 to determine total system power re-
quirements.

3-1-3 Module Locations

The module uses the Special /O READ/WRITE ladder instruction to commu-
nicate with the PLC’s CPU. Each module has two or four I/O words in the
PLC 1/O table. The modules may be located in the following racks:

* CPU Rack

* CV CPU Expansion Rack

* |/O Expansion Rack

* Local Expansion Rack

* SYSMAC BUS/2 I/O Rack

Any number of modules may be inserted into any single backplane. The only
limitations are total system I/O capacity and the maximum power from the
backplane. A maximum of eight 2 word modules can be mounted in a CPU or
CPU Expansion Rack. Refer to Installation Manual W195 for the current li-

mitation of the power supply modules. Refer to the following chart as a guide
to the number of modules that can be placed in the rack.

Ccv CVMA1
CPU rack 6 3
CPU expansion 7 5
I/O expansion 7 5

C-Series

Power supply type PS221 PS223 PS222
CPU Rack 2 6
I/O expansion 4

3-1-4 Wiring Practices

10

The following practices are recommended when routing and connecting
wires to the module:

* Always use the shortest possible cables.

* Avoid placing low voltage wire (i.e. analog input cables) parallel to high-en-
ergy wire.

* Use wireways for routing. Run signal wires and power wires in separate
wireways or conduit if possible.

* Avoid bending cables into sharp angles.
* Use shielded cables for input signals.
* Do not place wires on vibrating surfaces.



Installation and Wiring Section 3-1

* Connect the shield wire only at the module end of the cable.

11



Setting the Thermocouple Input Rang Section 3-2

3-2 Setting the Thermocouple Input Range

The C500-TS501 Thermocouple Module is initially set at the factory for a J-
Type thermocouple for all input points. This module can be set to a total of 7
different thermocouple types and to low level voltages up to 50 millivolts. Set-
ting input ranges is accomplished with jumpers and rotary switches. The fol-
lowing chart indicates the thermocouple input ranges.

Thermocouple Input Ranges
Type °C °F
J 0-760 32-1400
K 0-1372 32-2501
R 0-1765 32-3209
S 0-1766 32-3211
T 0-400 32-752
E 0-1000 32-1832
J-DIN 0-900 32-1652
Millivolt Input Ranges
Millivolt | 0-50

To set the various input ranges for each input point, proceed as follows.

1. For existing installations, remove the module from the backplane to gain
access to the rotary switches, otherwise proceed to step 2.
2.  Remove the terminal block cover at the front of the module.

~

@: Front of
o0 module
@
e Captive
= scrzw Circuit
g board
HER .
o Terminal
B block cover 7
@ soes -
) e —
H &z Bottom Jumpers \\E' =5 [
E— mounting J ) cooo c
N screw hole umper pins @ ;
@E location /7 _
Terminal
Back of module connectors

12



Setting the Thermocouple Input Rang Section 3-2

3. Set each jumper and rotary switch for the selected input point.

Note: Make settings to the rotary switch and to its corresponding jumper block for
the designated input point. In the back of the module, the rotary switch lo-
cated nearest to the top of the module is designated rotary switch number 1
and corresponds to Input Point 1. The bottom rotary switch corresponds to
Input Point 8. Rotary switch position 0 and positions 4 through 9 are non-

functional.
Rotary Switch Settings Jumper Settings

NS EIEI
Millivolts | &5 2 cooon
’e 0 © oo oo

Setting=0
x5 6 OO mm
E-Type :@2 oo E E
40© oo oo

Setting=1
Y mm oo
J-DIN © - oo [mal
Tvpe o @ oo oo
yp 40© oo oo

Setting=2
56 (wm oo
A [} - 00 [(wm
J Type o ® oo oo
49 © 0o oo

Setting=3
NS (wm oo
™ - oo oo
K-Type |73 oo
45 © oo og

Setting=4
I 5 6 oo oo
™ - oo oo
R-Type o @ @ wmoo
‘4 © ER=ILL]

Setting=5
x5 & oo oo
) Py oo oo
S-Type - @ > mEEoo
‘4 © OO0 mm

Setting=6
NERS OO oo
- o OO oo
T-Type o @m (o ] [ ]
¢ © oo oo

Setting=7

4. After making settings, record the module settings in the Configuration
Sheet in Appendix D.

5. Reinstall the module to the backplane. Make sure that it seats in the
backplane slot.

6. Install the terminal block cover.

13



Mounting the Module to the Backplane Section 3-4

w Jumper Settings
Terminal Fmoo (==

strip1 —|2 2= -I
cooo
© A Rotary

@ i .
e SW“‘Ch1 Terminal

‘ strip 2
© a Rotary

o @ switch 2
s 0 © ‘

B
F

ooo
ooo

Input point #1

oo
oo

J

8‘ Input point #2
Q

o
RE

- - Rotary Terminal

IR swit‘ch 3 strip 3
0

K=
=

oo
oo
oo
oo

Input point #3

0

(]

I\
Termi

© A Rotary

<, 3 o switch 4 \
‘ ‘ Terminal

- A Rotary strip 4

o @ switch 5
<9 © ‘

0
I
i
L\

o\|+o\+ol\+ol|+

Input point #4

H

ooo

ooo
o
o
I

oo
oo

o ~|| Rotary Terminal
o @ switch 6 strip5 —

s 0 © ‘ ‘
20 || Rotary
o ® switch 7

<9 © .

54 ‘ ‘ Terminal
oona||  Rotary strip6 —
o ® switch 8

<9 ©

*v* Terminal
strip7 — 1

ooo
ooo
ofwoo
omoo

1o\+ol|+o|+o\+

Input point #5

|

i
1y
i

Input point #6

oo

oo
ooo
ooo

H

o
o
Terminal blocks

Input point #7

0
I
i
i\

|

oo
oo
oo
oo

o
o

Input point #8

D]

Terminal
strip 8

)
EE[EE
HRERIE

Back of module

Note: Rotary switch 1, terminal strip 1, and input point 1
all correspond to each other, etc. All switches and
jumpers are factory set to the J-Type setting.

3-3 Wiring the Module

Wiring is accomplished at the terminal connectors or also referred to as ter-
minal blocks. To access the terminal connectors proceed as follows.

1. Remove the front cover.

2. Insert each wire in the appropriate connector.
3. Secure each wire with the terminal screw.

4. Replace the front cover.

Note: By jumping any + and - input terminals, that input will return module ambient

temperature.

3-4 Mounting the Module to the Backplane

14

When mounting the module on the backplane, make sure that it seats in the
backplane slot, then tighten the top and bottom captive screws. For mounting
location see below.

Mounting screws are
provided at the top and
bottom of the Unit.

Connector
Make sure the connectors
are properly mated.




Wiring Diagrams Section 3-5

3-5 Wiring Diagrams

The module can accept a variety of input signals. The following diagrams
show the various input signal wiring configurations.

3-5-1 Module Front End

The diagram below is a simplified schematic of the front end of the module.

+Input 1 MUX
Cold
_ | Junction
Input 1 Compensator
Y4
coMmt —
Y4
+Input 2
Cold
_ | Junction
Input 2 Compensator
Y4
com2 —
Y4

Input points 3-8 are similar.

Note: COM terminals are not referenced to the chassis ground of the PLC. They
are connected to the isolated internal analog ground plane for each input
point.

3-5-2 Single-ended and Differential Millivolt Input with Shield
(+, common, shield)

Source

- COM

15



Wiring Diagrams Section 3-5

3-5-3 Grounded and Ungrounded Thermocouple without Shield
O+

O_

3-5-4 Grounded and Ungrounded Thermocouple with Shield
O+

O_

(O com

Note: For best results, OMRON recommends using only shielded, twisted-pair
thermocouple wire. Shields should be connected to channel common.

Note: Shield terminals are not directly connected to chassis ground of the PLC.
They are used as a floating reference for the isolated analog ground plane
for each channel in the module.

3-5-5 Cable Connection

O+ NO! DO NOT
WIRE CABLE
CONNECTION
AS SHOWN

N

/ () com

16
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Overview

Section 4-1

4-1

4-1-1

Overview

The C500-TS501 Thermocouple Input module offers maximum application
flexibility and high performance processing by combining the latest in analog
and software technology to provide:

* Flexible configuration options

* High point density

* High accuracy and conversion speed
* Advanced intelligent functions

This section describes the module operation and performance of the intelli-
gent functions that are built into the module.

Theory of Operation

The module converts field signals (thermocouple and millivolt) to digital val-
ues that are available to the programmable controller ladder logic program
for processing. A microprocessor allows the module to perform advanced
intelligent functions on the converted data prior to being accessible to the
controller. The module’s microprocessor reduces the amount of ladder logic
required to perform intelligent functions such as scaling, averaging, filtering,
peak hold, and alarming. These functions are executed in the module which
reduce the burden on the programmable controller. For specific programming
examples refer to Section 5.

4-1-2 A/D Conversion

The following graphs show the conversion of various input signal types and
the resulting digital numbers. The conversions are linear. Linearization is per-
formed by a cold junction compensating device for each channel, and tables
based on NIST IPTS-88, and DIN 73410 1985. These numbers can be trans-
ferred to the programmable controller or processed further in the module us-
ing intelligent functions.

Input Signal Ranges vs A/D Conversion Data Diagram

°C

20

760

700

600

500

400

300

200

100

Celsius

””””” 1400

J-Type Temperature Range

Fahrenheit

1200
1000
°F 800
600
400

200

32

0
BCD 0000

Binary (Temp x 10) 0000

BCD 0760 BCD 0032 BCD 1400
Binary (Temp x 10) 1DBO Binary (Temp x 10) 0140 Binary (Temp x 10) 36B0

Reported data °C Reported data °F
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K-Type Temperature Range
Celsius Fahrenheit
1400
1872 F — — - m o m s m s s m o s
1200 2502 F - - - - - - - - - oo ‘
1000 ! 2000 '
°C 800 : °F 1500 :
600 ‘
‘ 1000 ‘
400 ! !
| 500 \
200 ! !
| 32 :
0 BCD 0000 BCD 1372 BCD 0032 BCD 2502

°C

°C

1765
1600

1400

1200

1000

800

600

400

200

1800
1766
1600
1400
1200

1000

800

600

400

200

Binary (Temp x 10) 0000 Binary (Temp x 10) 3598
Reported data °C

Binary (Temp x 10) 0140 Binary (Temp x 10) 61B§
Reported data °F

R-Type Temperature Range

Celsius

3500

3209
3000

2500
2000
1500
1000
500

o

32

BCD 0000 BCD 1765
Binary (Temp x 10) 0000 Binary (Temp x 10) 44F2

Reported data °C

Fahrenheit

BCD 0032 BCD 3209
Binary (Temp x 10) 0140 Binary (Temp x 10) 7D5A

Reported data °F

S-Type Temperture Range

Celsius
3500

3211
3000

2500
°F 2000
1500
1000

500

32

BCD 0000 BCD 1766
Binary (Temp x 10) 0000 Binary (Temp x 10) 44FC

Reported data °C

Fahrenheit

BCD 0032 BCD 3211
Binary (Temp x 10) 0140 Binary (Temp x 10) 7D6E

Reported data °F
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°C

°C

°C
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T-Type Temperature Range

Celsius

400
350
300
250
200
150
100

50

0
BCD 0000 BCD 0400
Binary (Temp x 10) 0000 Binary (Temp x 10) OFAQ

Reported data °C

800

752

700

600

500

400

300

200

100

32

Fahrenheit

BCD 0032 BCD 0752
Binary (Temp x 10) 0140 Binary (Temp x 10) 1D60

Reported data °F

E-Type Temperature Range

Celsius
1000 — ~ ~ ~ ~ - " -~ -~ m o — -
900

800
700

600

‘
\

\

\

\

\

]

500 :
400 :
300 !
200 :
\

\

100

BCD 0000 BCD 1000
Binary (Temp x 10) 0000 Binary (Temp x 10) 2710

Reported data °C

1832

1600

1400

1200

1000

800

600

400

200
32

Fahrenheit

BCD 0032 BCD 1832
Binary (Temp x 10) 0140 Binary (Temp x 10) 4790

Reported data °F

J-DIN Temperature Range

Celsius
900 - - " -t T T oo oo - - oo

800
700
600
°F
500
400
300
200

100

0
BCD 0000
Binary (Temp x 10) 0000

Reported data °C

BCD 0900
Binary (Temp x 10) 2328

1800
1652
1600
1400
1200
1000
800
600

400

200
32

Fahrenheit

BCD 1652
Binary (Temp x 10) 4088

BCD 0032
Binary (Temp x 10) 0140

Reported data °F
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Millivolts 2

Millivolt Range

50

45

40

35

30

BCD (mV x 100) 0000
Binary (mV x 100) 0000

BCD (mV x 100) 5000
Binary (Temp x 100) 1388

Reported data mV

4-1-3 Reading the Data Format

When an input point is configured to report data in binary, the data is reported
in 0.1 degree increments. To convert it to a BCD number, perform the func-
tion Double Binary to Double BCD - BCDL in the ladder program. For exam-

ple:
Binary Data Format
Reported Data Equivalent Divided by 10 Equivalent
(Binary) Decimal Value Temperature*
1A8C 6796 679.6 679.6°
3093 12435 1243.5 1243.5°
BCD Data Format
Reported Data (BCD) Equivalent Decimal Equivalent Temperature*
Value
0725 725 725°
2300 2300 2300°

* The temperature scale, °C or °F, is set by the user in module memory map loca-
tion 29 bits 00-07.
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4-1-4 Block Diagram

Input Analog-
amplifiers to-digital
converter
+lnpu't 1 %
~Input 1

The following diagram shows a simplified schematic of the module. The in-
puts are different for each point. See Section 3 for field wiring examples.

Module
Multiplexers CPU

COM 1

v

|/O Bus |/O
Interface

Bus

+Input 2 —%

COM 2

RS-232C
Port

~Input 2
V

Note:

Clock

COM terminals are not referenced to the chassis ground of the PLC. They
are connected to the internal analog ground plane for each input point.

4-1-5 Communications with the PLC

24

The module communicates with the programmable controller in 2 word mode
using the intelligent Special I/O read/write instructions, and in the 4 word
mode using Data Movement Instructions. Specific ladder logic examples are
in Section 5- Programming Examples. Details about the ladder instructions
and their execution can be found in W202 - CV Operation Manual: Ladder
Diagrams.

The module has an extended internal memory map that provides storage for

the module data and configuration parameters. This map contains both read

and write areas, and is accessed by the programmable controller through the
Special I/O ladder instructions, and using Data Movement Instructions. Sec-

tion 5 describes details of specific read/write operations between the module
and the controller. This includes enabling the intelligent functions.
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4-2 Module Data Formats

The module memory map consists of 16 bit words that contain either data or
are bit oriented as flags or bits. The module can be configured to report data
in two different formats. They are signed BCD and 2’s Complement Binary.
These formats can be selected per input point with the default set to BCD.
The following conventions are used when describing the module memory
map locations and their functions.

Word Indicates a memory location in the PLC data memory

or in the module memory map. A word can contain a

single piece of data or it can contain bits or flags for
each of 8 input points (see table below).

Bit Set by the user to enable a particular function.
0=0OFF/DISABLE, 1=ON/ENABLE
Flag Set by the module to indicate status of a module

function. 0=OFF/DISABLE, 1=ON/ENABLE

Both bits and flags are arranged in the following format and correspond to
the input points indicated below.

Bit (MSB) 15 14 13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 | (LSB)
Input point 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1

Default values and valid data ranges for all module memory map words are
in Appendix E.

Data in the module memory map can be formatted in either signed BCD or
2's Complement Binary. All values for a specific input point must be in the
same format. Some values are entered in unsigned BCD. Reference Appen-
dix E for valid data ranges for all module memory map locations.

Format type Decimal range Memory map format
Signed BCD -7999 F999 (Bit 15 is the sign bit)
+7999 7999
2’s Complement Binary -32767 8001
-1 FFFF
0 0000
+32767 7FFF
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4-3 Intelligent Functions

4-3-1 Intelligent Function Processing Overview

The C500-TS501 is microprocessor based and can perform a number of in-
telligent functions on the converted data before putting it in the module
memory map where it can be read by the controller. The following pages de-
scribe the operation of these functions and how to enable the functions. The
specific module memory map locations, valid values, and functions are de-
scribed in Section 5.

Power up
Initialization

r

A/D Conversion

!

Scaling*

Filtering*

Y
Peak Hold*

Averaging*

+

Store Value In
Module Memory Map

Note: *Performed when the intelligent function is enabled. If not enabled, skip to
the next step. When the functions are disabled, the module conversion time
is decreased.
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4-3-2 Scaling Description
The scaling function can be used to perform conversion of data to engineer-
ing units prior to transfer to the PLC. With this feature enabled, the module

maps the selected range of the analog input to a new user-specified range.

The range can have upper and lower limits anywhere in the range -32767 to
+32767 (binary) or -7999 to 7999 (BCD). Scaling can even be used to
accomplish a sign inversion by setting the lower scale value positive and the
upper scale value negative. Examples 1 and 2 illustrates scaling:

Example 1 - Scaling 0-50 Millivolts to Engineering Units (0-7500 GPM)

Input Range: 0-50 mV
Scaling High: 7500 gallons/minute
Scaling Low: 0000 gallons/minute

Input point 6 of the module is connected to a 50 mV signal from a flow sensor
in a pipe. It has been determined that a 0 V reading on the sensor indicates
no flow in the pipe and a 50 mV reading on the sensor indicates 7500 gal-

lons/minute.

To configure the module to report the data in GPM:
1. Set the scaling low and high limits to 0000 and 7500.
2. Set the scaling enable bit to 1 for input point 6.

BCD Scaling Data Binary (hEX) Scaling Data
(mvx100) === === Normal Data (mvx100) === === =- Normal Data
A/D Data A/D Data
210 DAC | - — = - = - o o oo oo oo oo
5000 | - - - - - .+ 1388 [ - - - - - - .+
3750 [~ - .o ! OEA6 [ -~~~ " " - .o !
2500 [ - - - - - - - - ! 09C4 [ - - - - -~ - - !
o000 L% : : o000 L% : :
ov 25 mV 50 mV ov 25 mV 50 mV
Input signal range Input signal range
Module memory map Description Valid data
location
20, bits 8-15 Scaling active flags Oor1
26, bits 8-15 Scaling enable bits Oor1
62 to 77 Scaling low and high BCD or 2’s Complement
limits Binary

To use the scaling function for each input point do the following:
1. Set the input point scaling low and input point scaling high values for

each input point.

2. Set the scaling enable/disable bit for the input point.
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4-3-3 Averaging

4-3-4 Filtering

28

The averaging function can be used to perform averaging of many samples
of data prior to reporting the value to the PLC. This function is useful for
reducing or eliminating noise commonly found in analog input signals. When
averaging is enabled for a particular input point, the module takes the
requested number of input samples for that input point and computes an
average before reporting data to the PLC. The average is the algebraic sum
of all of the conversions for the user-specified count divided by the sample
count value. These values are then discarded and new samples are taken for
the next average computation.
Convy + Convs +...+ Convy,
n
Conv 41 + Conv pio +...+ Convpyn
n

1st Reported Value =

2nd Reported Value =

n = number of sample counts, in BCD, specified by the user (mini-
mum of 1, maximum of 9999)

Module memory map Description Valid data
location
21, bits 0-7 Averaging active flags Oori
27, bits 0-7 Averaging enable bits Oor1
54 to 61 Averaging sample counts | BCD 0001 to 9999 binary
0001 to 7FFF

To use this function for each input point do the following:
1. Set the input point averaging sample counts value for each input point.
2. Set the averaging enable bit for each input point.

The filtering function is used to filter samples of data prior to reporting the
value to the PLC. The filtering option is similar in function to the averaging
function. While the averaging function is based on a quantity of counts to
reach the data, the filtering function is based on a time. The units for the fil-
tering time constants is milliseconds. The filtering function is useful for elimi-
nating aberrations in the data due to noise or stray induced signals.

Module memory map Description Valid data
location
21 bits 8-15 Filtering active flags Oor1
27 bits 8-15 Filtering enable bits Oori
46 to 53 Filtering time constants BCD 0001 to 9999 binary
0001 to 7FFF

To use this function for each input point do the following:
1. Set the input point filtering time constant value for each input point.
2. Set the filtering enable bit for each input point.
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4-3-5 Peak Hold

4-3-6 Alarms

Note:

The peak hold function can be used to detect peak conversion values of rap-
idly changing analog input signals. These values are stored in separate
memory locations in the module memory map. This data is reset each time
the peak hold function is enabled for the input point. There is also a Peak
Hold Reset Bit and Acknowledge flag in the /O Words described in

Section 5.

Module memory map Description Valid data
location
1110 18 Peak hold data BCD -7999 to +7999
Binary -32767 to +32767
19, bits 8-15 Peak hold active flags Oorf
25, bits 8-15 Peak hold enable bits Oor1

To use this function for each input point proceed as follows:
1. Set the input point peak hold enable bit for each input point.

The peak hold function retains invalid values when changing from binary to
BCD. Therefore, the peak hold enable bit should be reenabled after changing
data formats.

The alarm function can be used to perform a comparison of the input point
conversion data to specific low and high limits that are stored in the module
memory map. The module sets the alarm bits in the module memory map
when the input point conversion data is outside the specified limits. The mod-
ule can perform low alarming, high alarming, or both.

Module memory map Description Valid data

location

00 bits 0-7 Alarm flags Oor1
9 bits 0-7 Low alarm flags Oor1

9 bits 8-15 High alarm flags Oor1

22 bits 0-7 Low alarm active flags Oor1

22 bits 8-15 High alarm active flags Oori

28 bits 0-7 Low alarm enable bits Oor1

28 bits 8-15 High alarm enable bits Oori
30to 45 Low and high alarm limits BCD -7999 to +7999

2’'s Complement Binary
-32767 to +32767

To use this function for each input point proceed as follows:

1. Set the input point low alarm limit value and input point high alarm limit
value for each input point.

2.  Set the input point low alarm enable bit and input point high alarm en-
able enable bit for each input point.
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4-3-7 EEPROM Functions

Note:

Note:

Note:

The module has an internal EEPROM memory which stores the module
memory map. When power is applied, the module uploads the EEPROM to
RAM and begins execution using the RAM values in the module memory
map. There is an EEPROM write function which allows the user to store new
default module memory map values that will be uploaded on the next power
up of the module.

Module memory map Description Valid data
location
80 EEPROM total write 0000 to 9999
cycle count
81 bit 00-05 EEPROM error flags Oorf

0 = Ladder command
write complete
1 = 5000 writes to

EEPROM

2 = 10000 writes to
EEPROM

3 = Write disabled to
serial port

4 = Calibration data error
5 = Parameter data error
6 through 15 reserved

82 EEPROM compare word 0000 to 9999

To store the current module memory map into EEPROM, do the following:

1. Read module memory map location 80.

2. Set module memory map location 82 equal to location 80.

3. Set bit 03 of the module 1/0 word n to 1. On the rising edge, the module
will write the module memory map to the EEPROM. The module will
then increment location 80 by 1. Location 82 must be updated with the
new value to enable another another write cycle to take place.

The module will refuse additional EEPROM write cycles after 5000 until the
release code, 4F43, is written to the module with a 1-word 1/O write com-
mand.

The EEPROM has a life of 10000 write cycles. When writing to the EEPROM,
use caution to avoid continuous write operations by executing the ladder log-
ic only one time or updating the location manually using data memory. The
module will require a replacement EEPROM at 10000 write cycles.

During the EEPROM write cycle, the module temporarily suspends the cycl-
ing of the module good flag in I/O word N+1 bit 07 (/O word N+3 bit 10: 4
word). The cycling resumes after the EEPROM has been written.

4-4 Module Internal Processing

30

The module has an internal processor that controls the A/D conversion and
performs the intelligent functions. Steps 1 and 2 describe the internal proces-
sing of the module.

1. When power is applied; the module initializes RAM, performs all internal
diagnostics, and uploads the default module memory map from
EEPROM.

2. The module scans all 8 input points and performs a conversion internal-
ly every 15 ms. Module update time can be up to 40 ms with special
functions enabled.

3. The execution of the I/O read and write ladder instructions do not inter-
rupt the module scan. The module and programmable controller transfer
information to and from the module memory map (RAM) in the module.
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5-1 Module Memory Map

The C500-TS501 has internal RAM for storage of operating parameters dur-
ing execution. Internal EEPROM memory provides non-volatile storage for
these parameters without the need for batteries. Both memory areas have a
module memory map which defines the operating parameters for the module.
This module memory map is uploaded from EEPROM on power up and used
by the module during operation. The EEPROM default parameters may be
customized and changed by the user to meet the application requirements.

The table below is an outline of the complete module memory map. The

module memory map has read/write and read only areas. These are marked

in the module memory map. A detailed functional description of each location

and default values are also provided.

Word Indicates a memory location in the PLC data memory or in
the module memory map. A word can contain a single

piece of data or it can contain bits or flags for each of 8
input points (see format below).

Bit Set by the user to enable a particular function.
0=OFF/DISABLE, 1=ON/ENABLE
Flag Set by the module to indicate status of a module function.

0=OFF/DISABLE, 1=ON/ENABLE

Both bits and flags are arranged in the following format and correspond to
the input points indicated below.

Bit (MSB) 15 |14 (13 [12 |11 (10 |9 |8 |7 |6 |5 |4 [3 |2 [1 |0 |(LSB)

Input point 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
Default values and valid data ranges for all module memory map words are
in Appendix E.

Data in the module memory map can be formatted in either signed BCD or
2's Complement Binary. All values for a specific input point must be in the
same format. Some values are entered in unsigned BCD. Reference Appen-
dix E for valid data ranges for all module memory map locations.

Format type Decimal range | Memory map format
Signed BCD -7999 F999 (Bit 15 is the sign bit)
+7999 7999
2’s Complement Binary -32767 8001
-1 FFFF
0 0000
+32767 7FFF

References in parenthesis () indicate addresses in 4-word interface mode. The Module Memory Map is com-
mon to both 2 and 4 word interface modes. The exception is the pointer word, 24, which has no meaning in
the 4 word mode.

Read/ Memory Bits Input Function Description
write map word point
R 00 Oto7 1 thru 8 Alarm flags These flags are set by the module

when a low or high alarm condition
occurs (word 9). Reset occurs when
individual alarms are reset in word 9.

R 00 8to 15 1 thru 8 Unconfirmed data error flags | These flags are set by the module
when invalid configuration data is
written to the module memory map
for an input point. The bits are
cleared when valid data is written to
the module memory map. The
module also sets bit 3 of /O word
n+1 (bit 12 n+3) when this error
occurs. See Appendix E for
information about default and valid
data values for all module memory
maps words.
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Read/
write

Memory
map word

Bits

Inp_ut

°
=
5
2

Function

Description

R

01
02
03
04
05
06
07
08

ONOOPRWN =

Conversion data

These words contain the last A/D
conversion values for each input
point. The data format is selected by
word 26, bits 0 to 7 for each input
point. Default format is BCD. If
intelligent functions such as scaling,
filtering, and averaging are enabled,
they are performed on the data
before it is entered into these
locations.

09

Oto7

1thru 8

Low alarm flags

These flags are set by the module
when a low alarm condition occurs for
each input point. The module also
sets bit 5 of 1/0O word n+1 (bit 04 n+3;
bit 08 n+3). These bits are reset by
bit 5 of 1/0 word n for the module (bit
11 n+3).

09

81015

1thru 8

High alarm flags

These flags are set by the module
when a high alarm condition occurs
for each input point. The module also
sets bit 5 of /O word n+1 (bit 04 n+3;
bit 08 n+3). These bits are reset by
bit 5 of I/O word n for the module (bit
11 n+3).

10

Oto7

1thru 8

Under range flags

These flags are set by the module
when an under range condition
occurs for each input point. This
occurs when module detects a
temperature lower than the range
setting for each input. These alarms
are always active. The module also
sets bit 6 of 1/0O word n+1 (bit 05 n+3;
bit 09 n+3) when this error occurs.
These bits are reset by bit 6 of I/O
word n (bit 12 n+1) for the module.

10

81015

1thru 8

Over range flags

These flags are set by the module
when an over range condition occurs
for each input point. This occurs
when module detects a temperature
higher than the range setting for each
input. These alarms are always
active. The module also sets bit 6 of
I/O word n+1 (bit 05 n+3; bit 09 n+3)
when this error occurs. These bits are
reset by bit 6 of I/O word n (bit 12
n+1) for the module.

11

12
13
14
15
16
17
18

ONOODWN =

Peak hold data

These words contain the latest peak
hold values for each input point. The
data format Is determined by word
26, bits and 0 to 7. The module
performs scaling and filtering
functions if selected before placing
peak hold values in these words. The
peak hold function is enabled/
disabled for each input point by
setting bits in word 25, bits 8 to 15.
These words are reset by I/O word n,
bits 8 thru 15 (bit 13 n+1). The
module acknowledges the reset in I/O
word n+1 bits 8 to15. See Section
4-3-5 for operation details of the
peak hold function.

19

Oto7

1thru 8

Input point active flags

These flags are set by the module
indicating the enable/disable status of
each input point that is set in word
25, bits 0 to 7.
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Read/
write

Memory
map word

Bits

Input
point

Function

Description

R

19

8to 15

1thru 8

Peak hold active flags

These flags are set by the module
indicating the enable/disable status of
the peak hold function for each input
point set in word 25, bits 8 to 15.

20

Oto7

1thru 8

BCD/binary select flags

These flags are set by the module
indicating the data format selected for
each input point in word 26, bits
Oto7.

20

8to 15

1thru 8

Scaling active flags

These flags are set by the module
indicating the enable/disable status of
the scaling function for each input
point set in word 26, bits 8 to 15.

21

Oto7

1thru 8

Averaging active flags

These flags are set by the module
indicating the enable/disable status of
the averaging function for each input
point set in word 27, bits 0 to 7.

21

8to 15

1thru 8

Filtering active flags

These flags are set by the module
indicating the enable/disable status of
the filtering function for each input
point set in word 27, bits 8 to 15.

22

Oto7

1thru 8

Low alarm active flags

These flags are set by the module
indicating the enable/disable status of
the low alarm function for each input
point set in word 28, bits 0 to 7.

22

81015

1thru 8

High alarm active flags

These flags are set by the module
indicating the enable/disable status of
the high alarm function for each input
point set in word 28, bits 8 to 15.

23

Oto7

1thru 8

°C/°F select flags

These flags are set by the module
indicating the scale format selected
for each input point in word 29, bits 0
to 7.

R/W

24

Pointer word

The pointer word is used to set the
starting location in the module
memory map for the Special 1/O read
and /O write instructions that are
executed in ladder logic in the PLC.
This allows the user to selectively
read and write parts of the module
memory map.

R/W

25

Oto7

1thru 8

Input point enable bits

These bits are set by the user to
enable/disable each input point. The
module scans only input points that
are enabled. The default value is all
input points enabled.

R/W

25

8to 15

1thru 8

Peak hold enable bits

These bits are set by the user to
enable/disable the peak hold function
for each input point. The default value
is disabled (0) for all input points.

R/W

26

Oto7

1thru 8

BCD/binary select bits

These bits are set by the user to
select the data format used by each
input point. BCD = 1 and binary = 0.
This selection specifies the format of
the conversion data in words 01 to 08
and peak hold data in words 11 to 18.
BCD and binary can be used at the
same time for different input points.
NOTE: When specifying a data for-
mat for an input point, all module
memory map words for that specific
input point must have the same for-
mat. Mixing formats for an input point
will cause erroneous results to be re-
ported. The default value is BCD (1)
for all input points.
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Read/ Memory Bits Input Function Description

write map word point

R/W 26 81to 15 1thru 8 Scaling enable bits These bits are set by the user to
enable/disable the scaling function for
each input point. The default value is
disabled (0) for all input points.

R/W 27 Oto7 1thru 8 Averaging enable bits These bits are set by the user to
enable/disable the Averaging function
for each input point. The default value
is disabled (0) for all input points.

R/W 27 8to 15 1thru 8 Filtering enable bits These bits are set by the user to
enable/disable the filtering function
for each input point. The default value
is disabled (0) for all input points.

R/W 28 Oto7 1thru 8 Low alarm enable bits These bits are set by the user to
enable/disable the low alarm function
for each input point. The default value
is disabled (0) for all input points.

R/W 28 8to 15 1thru 8 High alarm enable bits These bits are set by the user to
enable/disable the high alarm
function for each input point. The
default value is disabled (0) for all
input points.

R/W 29 Oto7 1thru 8 °C/°F select bits These bits are set by the user to
select the scale format used by each
input point. Celsius = 0 and
Fahrenheit = 1. This selection
specifies the format of the conversion
data in words 01 to 08 and peak hold
data in words 11 to 18. °C and °F can
be used at the same time for different
input points. The default value is °C
(0) for all input points.

R/W 30 1 Low alarm limit These words contain the low and

31 1 High alarm limit high alarm limits for each input point.
32 2 Low alarm limit The format of these values should
33 2 High alarm limit match the data format selected for
34 3 Low alarm limit each input point in word 26. Valid

35 3 High alarm limit values are -32767 to +32767 (8001 to
36 4 Low alarm limit 7FFF) binary and -7999 to +7999

37 4 High alarm limit BCD. Alarm limits must be specified
38 5 Low alarm limit in scaled units if the scaling function
39 5 High alarm limit is enabled for the input point. The
40 6 Low alarm limit default values are 0100 for the low
41 6 High alarm limit limit and 3900 for the high limit.

42 7 Low alarm limit

43 7 High alarm limit

44 8 Low alarm limit

45 8 High alarm limit

R/W 46 1 Filtering time constants These words contain the filtering time
47 2 constants for each input point. The
48 3 values are in milliseconds. Valid
49 4 values are BCD 0001 to 9999 and
50 5 binary 0001 to 7FFF. The default
51 6 value is 0100 BCD. The filtering
52 7 function is performed prior to the data
53 8 being placed in the conversion data

words (01 thru 08).

R/W 54 1 Averaging sample counts These words contain the number of
55 2 module samples to average before
56 3 reporting conversion data to words 01
57 4 to 08. The values are in number of
58 5 samples. Valid values are BCD 0001
59 6 t0 9999 and binary 0001 to 7FFF. The
60 7 default value is 0020 BCD. The
61 8 averaging function is performed prior

to the data being placed in the
conversion data words (01 thru 08).
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Read/ Memory Bits Input Function Description
write map word point
R/W 62 1 Scaling low limit These words contain the scaling low
63 1 Scaling high limit and high limits for each input point.
64 2 Scaling low limit The values are in engineering units.
65 2 Scaling high limit The default values are 0000 for the
66 3 Scaling low limit low limit and 100 for the high limit.
67 3 Scaling high limit The scaling function is performed
68 4 Scaling low limit prior to the data being placed in the
69 4 Scaling high limit conversion data words (0 to 08).
70 5 Scaling low limit
71 5 Scaling high limit
72 6 Scaling low limit
73 6 Scaling high limit
74 7 Scaling low limit
75 7 Scaling high limit
76 8 Scaling low limit
77 8 Scaling high limit
R 78 0Oto3 1 0=mV These words reflect the status of the
4t07 2 1=E thermocouple type selected from the
8 to11 3 2 = J-DIN rotary switches.
12t0 15 |4 3=y
4=K
R 79 Oto3 5 5=R
4t07 6 6-S
8 to11 7 2.7
121015 8 8 and 9 = non functional
R 80 EEPROM total write cycle This word contains the current
count number of write operations that have
been executed for the EEPROM.
R 81 00 to 05 EEPROM error flags This word contains error flags that
0 = Ladder command write occur during the EEPROM write
complete operation.
1 = 5000 writes to EEPROM
2 = 10000 writes to EEPROM
3 = Write disabled to serial
port
4 = Calibration data error
5 = Parameter data error
6 - 15 reserved
R/W 82 EEPROM compare word This word is set by the user to
confirm that an EEPROM write
Operation should occur. This is a
safety to prevent erroneous writes
from occurring and damaging the
EEPROM chip.
R 83 Oto7 1-8 Open thermocouple flags These flags are set by the module for
8to 15 reserved each input point when it detects an
open or disconnected thermocouple
for an enabled input point. These bits
are reset by bit 5 of /O word n (bit 12
n+1) for the module.
5-1-1 Using the Module Memory Map Configuration Sheet

36

To assist in the custom configuration of the module, a Configuration Work-
sheet has been provided in Appendix D. Values for all intelligent functions
can be entered in the worksheet. These values can then be easily transferred
to data memory for use by the module.
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5-2 Troubleshooting Memory Map Error Flags

5-3

5-3-1

There are a number of memory map error flags in the module which can be
used to verify status and operation. These flags include:

Flag type Function

High and low alarm flags Indicate the input signal is outside the alarm
limits specified in the module memory map.

Over and under range errors | Indicate the input signal is outside the specified
range selected by the jumpers and rotary

switches.
Unconfirmed data error flags | Indicate a data conversion error in the module.
EEPROM error flags Indicate errors with the EEPROM write function
and write cycle counts.
Module good flag This flag oscillates at a one hertz rate when the

module is operating correctly, one-half second
on, one-half second off. During the EEPROM
write cycle, the module temporarily suspends
the cycling of the module good flag in 1/O word
N+1 bit 07. The cycling resumes after the
EEPROM has been written.

Interface to the PLC - 2 Word Mode

Operation

The C500-TS501 Thermocouple Input Module communicates with the pro-
grammable controller using the 2 Word Mode when the 2/4 word mode jump-
er is set in the 2 word position. The intelligent 1/O read/write instructions are
used to transfer data between the PLC and the module memory map. Details
of these instructions can be found in the Operation Manuals for the control-
lers. For jumper settings, refer to Section 2 in this manual.

This section describes the bit assignments and the functions for the two 1/0
words that the module occupies in the programmable controller I/O table.

The module communicates with the PLC using two word mode addressing.
The 1/O read and I/O write ladder instructions are used to read/write data be-
tween the module and the PLC. The module requires two words in the 1/0
table, one output word from the PLC to the module, and one input word from
the module to the PLC. The functions of these words are described in the
table below.
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Output Word
1/0 word Bit Description Function

0 Reserved -

1 Reserved -

2 Reserved -

3 EEPROM write Setting this bit to ‘1’ triggers the module to write
the current RAM configuration to EEPROM
memory in the module. On power up, the new
parameters will be the default start up
parameters.

4 Enable serial port write Setting this bit to ‘1’ enables the serial port on
the module to write to the module memory
map. A ‘0’ disables writing from the port.

5 Reset low/high alarm flag Setting this bit to ‘1’ resets bit 5 of word n+1,

N the low/high alarm flag.

Output 6 Reset over/under range error flag Setting this bit to ‘1’ resets bit 6 of word n+1,

to Reset open T/C flag module memory map 10; the under/over range

module flag; word n+1 bit 6 the open T/C flag; resets
module memory map 83, the open T/C flags.

7 Unused

8 Reset peak hold register 1 Setting this bit to ‘1’ resets the peak hold

: register in the module memory map for the

9 Reset peak hold register 2 input points specified.

10 Reset peak hold register 3

11 Reset peak hold register 4

12 Reset peak hold register 5

13 Reset peak hold register 6

14 Reset peak hold register 7

15 Reset peak hold register 8

Input Word

1/0 word Bit Description Function

0 Reserved -

1 Reserved -

2 Reserved -

3 Unconfirmed data error This flag is set to ‘1’ when invalid data is
received from the serial port or an intelligent 1/0
write command. The flag is set to ‘0’ when valid
data is sent to the module.

4 Conversion error This flag is set to ‘1’ if the module detects an
internal conversion or calculation error.

5 Low/high alarm error This flag is set to ‘1’ when a low/high alarm
occurs for any input point.

N+1 6 Over/under range error This flag is set to ‘1’ when an under/over range
Input Open T/C error occurs for any input point, or the module
from detects and open thermocouple.
module 7 Module good flag This flag toggles ON and OFF at a 1 Hz rate

with a 45 - 55% duty cycle when the module is
operating normally.

8 Acknowledge peak hold reset 1 These flags acknowledge that the peak hold

9 Acknowledge peak hold reset 2 registers have been reset by the module.

10 Acknowledge peak hold reset 3

11 Acknowledge peak hold reset 4

12 Acknowledge peak hold reset 5

13 Acknowledge peak hold reset 6

14 Acknowledge peak hold reset 7

15 Acknowledge peak hold reset 8
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5-4 Programming Examples of 2-Word Mode
5-4-1 Using the Module Configuration Worksheet - Appendix D

Appendix D is a worksheet to use when configuring the special functions
available in the module. It is particularly useful in setting up a table in the
PLC data memory area that corresponds to the module memory map. The
data can then be easily transferred to the module using the 1/O write ladder
instruction. See the programming examples in the following sections for more
details.

5-4-2 Using the Pointer Word in the Module Memory Map

The module has an internal memory map for storage of data and configura-
tion parameters. The table is 83 words in length, with both read only and
read/write registers. The pointer word is used to set the beginning memory
map location for either the I/O read or I/O write ladder instructions. This al-
lows the user to access any area of the table directly without reading or writ-
ing data that is not required. The result is faster module processing, and fast-
er data transfer between the module and the PLC. The pointer word is
memory map location 24. The format is unsigned BCD. Valid values are 0 to
83. The default value is 0000.The following sections explain the operation of
the pointer word with both the 1/0 read and I/O write ladder instructions.

5-4-3 Writing Data to the Module - 1/O

This section describes the use of the pointer word with the I/O write ladder
instruction. For additional information regarding the 1/O write instruction, see
the CV Operation Manual W202 and C1000H, C2000H Operation Manual
Ww14o0. .

There are two rules when using the pointer word with the |/O write instruc-

tion.

1. If the number of words transferred (specified in the instruction) to the
module is one:

* The module writes the value of this word to the pointer word location in the
module memory map (24).

* This value now becomes the first memory location to be read in subsequent
I/O read instructions.

* The pointer word retains this value unless another 1 word 1/O write is
executed, or the system power is cycled. If the value has been saved to the
EEPROM in the module, then it is automatically uploaded on power up.

EXAMPLE:
Execute a 1 word 1/O write to the module. The value of the word
transferred is 0022. The module sees the number of words is 1,
and places the value 0022 into memory map location 24.
Execute an I/O read instruction specifying the number of words to
be read as 0016.

The module returns 16 words to the PLC, beginning with module
memory map location 22 thru 37.

Note The I/O read instruction can transfer a maximum of 127 words. If
the read request is from a pointer location for a number of words
that goes past the end of the table, those locations beyond word
83 will return the value 0000.

2. If the number of words transferred to the module is greater than one:

* The module interprets the first word as a temporary pointer value which
does not replace word 24 in the module memory map.
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* If the value of first word is 0000, then the module updates the memory map

beginning at location 25 with the remaining words transferred. This is the

first word of the write area in the module memory map.
* If the first word is greater than 0 and less than 25, the module sets the un-

confirmed data error flag because an attempt has been made to write to a
read only area of the module memory map. The data sent is ignored.

* If the temporary pointer value is greater than 24, the module writes the data

following the temporary pointer value into the module memory map begin-
ning at the location specified by the temporary pointer value. The temporary
pointer value is then discarded.

EXAMPLE:

Execute a 10 word I/O write to the module. The value of the first
word transferred is 0025.
The module sees the number of words is greater than one, and
reads the first word as the temporary pointer value. The module
then updates its memory map with the remaining nine words begin-
ning at location 25.

WRITE Data Memory to the Module Memory Map

This example show how to write the entire Module Memory Map Write area (Locations 25-77). These are the
user configurable locations in the Module Memory Map that enable the various module functions. The Data

Memory in the programmable controller can be set up using the module configuration worksheet in Appendix
D of this manual. The first word is the temporary write pointer.
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1000000 Q000101
(P4

(191)
I WRIT

f
{ I | Al
Start Write
complete
Q000100

Latch

L

D00224 Q0002 ]

Ps

A50006
1

|
=Flag

Write 53 words to the
module memory map
beginning with module
memory map location
25. This example
writes the entire write
area of the module
memory map.

D00224 = 0025 (point-
er) or 0000 defaults to
0025.

D00225 to D00277 =
values to be entered in
module memory map.
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Example 2
WRITE to Selected Locations in the Module Memory Map
This example shows how to write a specific value to a single Module Memory Map Location.

1000001 Q000103 (191)
000000‘,_“ “’ [ WRIT #0002 D00354 Q0002 |—
Start Write
complete This example writes

1 word to the module

Q000102 memory map.
D00354 = the module

Q000102 .
memory map location
0_| I_0 ( temporary pointer.
Latch D00355 = the value to put
Latch in the module memory
map location specified in
D00354.
Q000103
A50006
« I (
- Write
=Flag Complete

5-4-4 Reading Data from the Module - I/O Read

I/O Read Instruction (Read 190)) and the Pointer Word Operation
This section describes the use of the pointer word with the 1/O read ladder
instruction. For additional information regarding the 1/O read instruction, see
the CV Operation Manual # W202.

There are three rules when using the pointer word with the 1/O read instruc-
tion.

1. The default value of the Pointer word is 0000, except when the value
has been modified and this modified value saved to the EEPROM in the
module. On power up, the module uploads this value from the EEPROM
into RAM prior to execution.

2.  When an I/O read instruction is executed, the module reads the value of
the pointer word and returns the number of words requested beginning
with the location specified by the pointer word in the module memory
map. The pointer word value can be 0000 to 0083.

3. If the number of words requested extends beyond the end of the table
given a value in the pointer word, then the remaining words transferred
up to 127 will be filled with zeros (0000).

Example 1
READ Alarm and Conversion Data from the Module

This example shows how to read the first 19 words from the Module Memory Map, assuming the pointer word
is 0000. This data includes the Conversion Data, Alarm Data, and Peak Hold Data.

A50013 (190)
000000 | [ READ #0019 10003  D00000 }

Always On
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Example 2
READ the Entire Module Memory Map into Data Memory

This example shows how to read the entire Module Memory Map into the Data Memory of the Programmable
Controller.

Q000101 QO(:O}OS (030) Sten 1: Using & 1 word wi
1 T tep 1: Using a 1 word write
0000004 I Al L MoV #0000 D00084 ] instruction, set the pointer
word to 0.
Q000104 (191)
—i—o ———{ WRIT #0001 D00084 Q0002 ]
Q000112 Q000104
[ ) ()
A50006 (011)
&— |———— «KeeP Q000105 ]
Q000107
r 1
|
Q000105 Q000107 (190) Step 2. Read the first 84 word
1 LY (] . Heal e TIrs woras
000012 ¢ I vdi [ READ #0084 10003 D000  |—@ PP meac e memory map
and store in DM00O to DM0083.
Q000106 Q000106
! 3 (
A50006 (020) A50006 Q000107
Confirm that the pointer was set
&—| |——{cmP #0000 Doo24 F—— F——( 0000,
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5-4-5 Typical Programming Examples

Examples 1 through 4 are typical ladder diagrams that show the flexible access to the module set up and in-

telligent functions.

Example 1

Configuring the Scaling Function

This example shows how to configure the scaling function for specific input points. See Section 4 for general
information on using the scaling function.

CV-Series
100002 Q000114 (191)
1 X
0000009 | 4 [ WRIT #0003 D00418 Q0002 |—¢
Start
Q000113
Q000113
s d (e
Latch Latch
Q000114
A50006
—| (1o
=Flag
Q000114 Q000401 (191)
000007 4 : }f [ WRIT #0002 DO00416 QO002]¢
Q000400
Q000400
< 3 (e
Latch
Latch
Q000401
A50006
—| (
=Flag
Q000401 Q000403 (191)
| LK [ WRIT #0002 DO00414 Q0002
000014 ¢ I rdi [ Q ]
Q000402
Q000402
q 3 (e
Latch Latch
Q000403
A50006
—| (
=Flag
A50013 (190)
1
000021 ¢ I [ READ #0024 10003 DO00000 ]—¢
Always On

Step 1: Set the scaling low
and high limits for input
point 5.

D00418 = 0070 (Pointer)
D00419 = 0010 (Low)
D00420 = 0500 (High)
Value in DM0419 is written
to module memory map
location 70, D00420 to
location 71.

Step 2: Set the scaling
enable bit for point 5 to
module memory map
location 26.

D00416 = 0026
D00417 = 1000

Step 3: Set the input
point enable bit for input
point 5 in word 25 of the
module memory map.
D00414 = 0025 (Pointer)
D00415 = 0010

Step 4: Read first 24
words from module
memory map-store in
D0000-D00023.
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Example 2

Configuring the Alarm Function

This example shows how to configure the alarm function for specific input points. See Section 4 for general

information on using the alarming function.

CV-Series
1000003 Q000405 (191)
0000009— | ¥ [ WRIT #0005 D00472 Q0002 |—¢
Start
Q000404
Q000404
¢ 3 ()
Latch Latch
Q000405
A50006
¢ f ()¢
=Flag
Q000405 Q000407 (191)
000007 $— | ¥ [ WRIT #0002 D00469  QV002]—¢
Q000406
Q000406
—I— ( re
Latch
Latch
Q000407
A50006
[ I ()
=Flag
Q000407 Q000409 (191)
000014 ¢ I +F [ WRIT #0002 DO0467 Q0002}—g
Q000408
Q000408
¢ b ()t
Latch Latch
atcl
Q000409
A50006
— | ( 4
=Flag
A50013 (190)
000021 ¢ I [READ #0024 10003 D0000O |—¢
Always On
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Step 1: Set the low and
high alarm limits for input
points 6 and 7 in module
memory map locations 40,
41, 42, 43.

D00472 = 0040 (Pointer)
D00473 = 0006

D00474 = 0200

D00475 = 0127

D00476 = 4020

Step 2: Set the low and high
alarm enable bits for input
points 6 and 7 in module
memory map location 28.
D00469 = 0028 (pointer)
D00470 = 6060

Step 3: Set the input point
enable bits for input points 6
and 7 in module memory
map location 25.

D00467 = 0025

D00468 = 0060

Step 4: Read the first 24
words from the module
memory map and store the
values in DO0000-D00023
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Example 3
Configuring the Filtering Function

This example shows how to configure the filtering function for specific input points. See Section 4 for general
information on using the filtering function.

C-Series
00004 00411 ‘ WRIT (87) Step 1: Set the filtering
1 L ep 1: Set the filteri
0000009 I I AT #0005 P time constants for input
Do49s points 1, 2, 3, and 4 in
Start 002 module memory map
locations 46 through 49.
Each value is set to 120
milliseconds.
00410 D0498 = 0046 (pointer)
) 00410 ( re D0499 = 0120
’—' |—0 \ DO0500 = 0120
D0501 = 0120
Latch Latch D0502 = 0120
00411
25506
—| (re
=Flag
00411 00413 ‘ WRIT (87)
| LK #0002 p  Step 2: Set the filtering
000007 0_l I AT ‘ D0496 enable bits for input
points 1, 2, 3, and 4 in
002 module memory map
location 27.
D0496 = 0027 (pointer)
00412 D0497 = OF00
00412
' 3 ()re
Latch
Latch
00413
25506
e I (re
=Flag
00413 00415 WRIT (87) Step 3: Set the input point
3 I 1 L : input poi
000014 ¢ | pdl g%(i%i p enable bits for input points
1, 2, 3, and 4 in module
002 memory map location 25.
D0494 = 0025 (pointer)
D0495 = 000F
00414
00414
< ] (re
Latch Latch
00415
25506
—| ( re
=Flag
Step 4. Read the first 24
words from the module
253:3 ‘ READ (88) memory map and store the
000021 0—' #0024 P data in DO0OO through
! 003 D0023.
Always On D0000
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Example 4

Configuring the Averaging Function

This example shows how to configure the averaging function for specific input points. See Section 4 for gener-
al information on using the averaging function.

C-Series
00005 00501 WRIT (87) Step 1: Set th )
1 L ep 1: Set the averaging
0000000_| I pdi g%%%‘; g sample counts for input
points 3, 4, and 5 in module
Start 002 memory map locations 56,
57, and 58. The value is 25.
D0508 = 0056 (pointer)
DO0509 = 0025
00500 | DO0510 = 0025
00500 P D0511 = 0025
< J (re
Latch Latch
25506 00501
< } (re
=Flag
00501 00503 ‘ WRIT (87)
;—' | LK #0002 D Step 2: Set the averaging
000007 § | Al D0506 enable bits for input points
002 3, 4, and 5 in module
memory map location 27.
DO0506 = 0027 (pointer)
D0507 = 001C
00502 00502
¢ 3 Cre
Latch
Latch
25506 00503
« I (re
=Flag
005I03 OOISBS ‘ wair 87) Step 3: Set the i t point
ep 3: Set the input poin
000014 ¢ | Al #gggf p enable bits for input points
3, 4, and 5 in module
002 memory map location 25.
D0504 = 0025 (pointer)
D0505 = 001C
00504 00504
¢ 3 ()re
Latch Latch
25506 00505
< } (re
=Flag
25313 ‘ READ (88)
000021 0_| | #0024 p Step 4: Read the first 24
! 003 words from the module
Always On DO0000 memory map and store
the values in DO0OQO -
D0023.
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5-5 Interface to the PLC using 4-Word Mode
The C500-TS501 Thermocouple Input Module communications with the pro-
grammable controller using the 4-Word Mode when the 2/4-Word Mode
Jumper is set in the 4-word position. Standard Data Movement Instructions
are used to transfer data between the PLC and the module memory map.
Details of these instructions can be found in the Operation Manuals for the
controllers. For jumper settings, see Section 2.

5-5-1 Operation
In the 4 word interface mode, the module communicates with the PLC using
four 1/0 words. Standard data movement instructions are used to read and
write data between the module and the PLC. The module requires four words
in the 1/O table, two output words from the PLC to the module, and two input
words from the module to the PLC. The functions of these words are de-
scribed in the table below.

Output Words

1/0
Word

Bit(s)

Description

Function

N

00-15

Write Data Word

This word contains the data which will be transferred to the module
memory map when a write cycle is executed.

N+1

00-07

Memory Map Location,
Peak Hold Reset Enable

These bits specify the module memory map location when data is
read from or written to the module. Valid values are 00 to 83 in BCD
only. Also, when Peak Hold Reset is set to ‘1’, these bits 00 to 07
indicate for which Input Point(s) 1 to 8 respectively the Peak Hold
Function is to be reset.

08

Read/Write Request

This bit specifies whether the access to the module is a read (0) or
write (1) request. For a read request, the module returns in word
N+2 the data at the memory location specified in bits 00-07. For a
write request, the module writes the data from word N into the
memory location specified in bits 00-07.

09

EEPROM Write Enable

Setting this bit to ‘1’ triggers the module to write the current RAM
configuration to EEPROM in module memory. On power up, the
new parameters will be the default start-up parameters.

10

Serial Port Write Enable

Setting this bit to ‘1’ enables the serial port on the module to write to
the module memory map. A ‘0’ disables writing from the port.

11

Low/High Alarm Reset

Setting this bit to ‘1’ resets the Alarm Flags DMO0O Bits 00-07, the
Low/High Alarm Flags DM09 Bits 00-15, the Input Point Specific
Low/High Alarm Flag Word N+3 Bit 04, and the Low/High Alarm

Flag Word N+3 Bit 08.

12

Out of Range Reset
Open T/C Reset

Setting this bit to ‘1’ resets the Out of Range Flags DM10, the Input
Point Specific Out of Range Error Flag Word N+3 Bit 05, and the
Out of Range Error Flag Word N+3 Bit 09. This bit also resets the
Open T/C Detect Flags module memory map 83, the Input Point
Specific Open T/C Detect Flag Word N+3 Bit 07, and the Open T/C
Detect Flag Word N+3 Bit 13.

13

Peak Hold Reset

Setting this bit to ‘1’ resets the Peak Hold function for the Input
Points whose respective bit is set in Word N+1 Bits 00 thru 07.

14

PC Write Finished

This bit is set by the PLC to indicate to the module that there is new
data in words N and N+1. This bit should be latched high until TS
Read Finished, Word N+3 Bit 14, is set by the module. Note: PC
Write Finished does not need to be set when setting or resetting
Word N+1 bits 09 thru13.

15

PC Read Finished

This bit is set by the PLC to indicate to the module that the data has
been read from words N+2 and N+3. This bit resets TS Write
Finished, Word N+3 Bit 15, which was set by the module.
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Input Words

/0 Bit(s) Description Function

Word

N+2 00-15 Read Data Word This word contains the data which was requested from the memory
map after a read cycle is executed.

N+3 00-02 Reserved

03 Data Transfer Sequence This bit signals that an error in the data transfer protocol has
Error Flag occurred. This includes attempting to write to read-only memory

locations. To recover from a Data Transfer Sequence Error, the PLC
must set the PC Read Finished bit.

04 Input Point Specific This bit indicates if an alarm condition has occurred for a specific

Low/High Alarm Flag Input Point and corresponds with the respective bit in DM09. The
flag reports only when data is requested from the corresponding
memory locations DM01-08 or DM11-18 and otherwise reports ‘0’.
05 Input Point Specific Out of | This bit indicates if an out of range condition has occurred for a
Range Flag specific Input Point and corresponds with the respective bit in
DM10. The flag reports only when data is requested from the
corresponding memory locations DM01-08 or DM11-18 and
otherwise reports ‘0.
06 Input Point Specific This bit indicates the configuration for a specific Input Point and
Degrees C/F Flag corresponds with the respective bit in DM23. The flag reports only
when data is requested from the corresponding memory locations
DMO01-08 or DM11-18 and otherwise reports ‘0’.
07 Input Point Specific Open This bit indicates if an open T/C has been detected for a specific
T/C Detect Flag Input Point and corresponds with the respective bit in DM83. The
flag reports only when data is requested from the corresponding
memory locations DM01-08 or DM11-18 and otherwise reports ‘0’.

08 Low/High Alarm Flag This bit indicates if an alarm condition has occurred for a enabled
Input Point, corresponding with any bit set in DMQ9, and reports
continuously.

09 Out of Range Error Flag This bit indicates if out of range condition has occurred for any
enabled Input Point, corresponding with any bit set in DM09, and
reports continuously.

10 Module Good Flag This bit toggles ON and OFF at a 1 Hz rate with a 45-55% duty
cycle to indicate that the module is operational.

11 Conversion Error Flag This bit is set when a calculation resulting in an out of range value is
performed. This can occur with parameter values when the mode is
changed from Binary to BCD. This flag reports continuously.

12 Unconfirmed Data Error This bit is set when an attempt is made to write an invalid value or a

Flag value of improper format into parameter locations DM30 thru DM77,
and is cleared on the next valid write cycle. This flag corresponds
with any bit set in Data Error Status DM0O Bits 08-15 and reports
continuously.

13 Open T/C Detect Flag This bit indicates if an open T/C condition has occurred for any
enabled Input Point, corresponding with any bit set in DM83, and
reports continuously.

14 TS Read Finished This bit is set by the module to indicate to the PLC that it has read
the data in words N and N+1. It is reset by the module when the PC
Write Finished, Word N+1 Bit 14 is reset by the PLC.

15 TS Write Finished This bit is set by the module to indicate to the PLC that it has written

the requested data into words N+2 and N+3. It is reset by the
module when PC Read Finished, Word N+1 Bit 15 is set by the
PLC.
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Interface to the PLC using 4-Word Mode Section 5-5

5-5-2 Protocol

The 4 Word Mode Interface provides four status bits for handshaking during
communications between the module and the PLC. These bits are read and
written through PLC ladder logic and must be manipulated in the proper se-
guence for successful communication with the module. Two bits, PC Write
Finished and PC Read Finished, word N+1 bits 14 and 15, are set by the
PLC. The other two bits, TS Read Finished and TS Write Finished, word N+3
bits 14 and 15, are set by the module. See the table in the previous section
for a description of these bits.

Write Sequence Timing Diagram

The proper sequence of writing data to the module memory map is shown in
the following timing diagram. The sequence of the two events with PC Write
Finished and TS Read Finished must occur for data to be successfully trans-
ferred from the PLC to the module. Any deviation from this sequence will re-
sult in the module setting the Data Transfer Sequence Error Flag. To recover
from a Data Transfer Sequence Error the PLC must assert PC Read Fin-
ished.

PC Write Finished i

TS Read Finished
TS Write Finished
PC Read Finished

Word N —1 '
Word N+1 23
Word N+2 Don’t care :
Word N+3 Don’t care >< Flags valid

1. PLC sets data to be written in Word N.

2. PLC sets the module memory location address to be written in Word

N+1 Bits 00-07.

PLC sets Word N+1 Bit 08 to indicate a write cycle to the module.

4. PLC sets PC Write Finished, Word N+1 Bit 14 indicating to the module
that new data is available.

w

Note Steps 2, 3 and 4 may be performed simultaneously by writing the
entire word N+1.

5. When the module has read the data, it sets TS Read Finished, Word
N+3 Bit 14.

6. Seeing TS Read Finished go high, the PLC resets PC Write Finished.

7. Seeing PC Write Finished go low, the module then resets TS Read Fin-
ished ending the write cycle.
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Read Sequence Timing Diagram

The proper sequence of reading to the module memory map is shown in the
following timing diagram. The sequence of the four events with PC Write Fin-
ished, TS Read Finished, TS Write Finished, and PC Read Finished must
occur for data to be successfully transferred from the module to the PLC. Any
deviation from this sequence will result in the module setting the Data Trans-
fer Sequence Error Flag. To recover from a Data Transfer Sequence Error
the PLC must assert PC Read Finished.

PC Write Finished A 3 5
TS Read Finished w 6

TS Write Finished

PC Read Finished ;
WordN < Don't carg :

Word N+1 1,2 : >
Word N+2 < Don't care >I< 7
Word N+3 <__ Don’t care 7

1. PLC sets the memory location addresses to be read in Word N+1 Bits
00-07.

2. PLC resets Word N+1 Bit 08 to indicate a read cycle from the module.

3. PLC sets PC Write Finished, Word N+1 Bit 14 indicating to the module
that the address has been written.

Note Steps 1, 2 and 3 may be performed simultaneously by writing the
entire word N+1.

4.  When the module has read the address, it sets TS Read Finished, Word
N+3 Bit 14.

5. Seeing TS Read Finished go high, the PLC resets PC Write Finished.

6. Seeing PC Write Finished go low, the module resets TS Read Finished.

7. When the module has retrieved the requested data and placed it in
Word N+2, it sets TS Write Finished, Word N+3 Bit 15.

8. Seeing TS Write Finished go high, the PLC reads the data from Word
N+2 and sets PC Read Finished, Word N+1 Bit 15.

9. Seeing PC Read Finished go high, the module resets TS Write Finished.

10. Seeing TS Write Finished go low, the PLC then resets PC Read Fin-
ished ending the read cycle.



Programming Examples of 4-Word Mode Section 5-6

5-6 Programming Examples of 4-Word Mode

5-6-1 Writing Data to the Module
Example 1

Write a Single Memory Map Location

The T/C Module occupies locations 002, 003, 004, and 005. In this example,
the data value 0999 is written into location DM30.

C-Series
20100 20103 20101
| | | The latch enables the
| ] M/ write cycle until it
Strobe Done Latch completes
20101 00514
DIFD The write cycle is
'_{ }_' "_( 20102 P complete on the falling
Latch TSRF edge of TS Read Finished
20102 20103
|
<
— |
Done
20101
| 2?1553 MOV 0999, the data to be
| /‘ #0999 written into the memory
map, is moved to word N
Latch Done 002
MOVD 0030, the memory map
#0030 location where the data is
#0010 to be written, is moved to
003 word N+1
00308
The read/write request bit
is set indicating a write
R/W Req request
005‘14 00314 The handshaking is
‘ controlled by the
response of the module
TSRF PCWF
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Section 5-6

Writing a Block of Memory Map Locations

The T/C Module occupies locations 002, 003, 004, and 005. This example
writes a block of data from PLC memory locations D00225 thru D00277 to
module locations DM25 thru DM77. Note that the lower two digits of the two
memory areas correspond. This was done intentionally to simplify program-

ming.
CV-Series
020100 020103 420101
N Hpa o
[ I ‘L " h,
Strobe Done atc
020101 (030)
-—{ }—; @———(+ MOV #0225 D00199 }———4
Latch WRIT CTR
1000514 (090)
n—‘ ¥ INC D00199 }—4
TSRE WRIT CTR
(020) A50005 020103
CMP D00199 #0277)—1 r—( e
WRIT CTR GRTR 2°"®
020101 020103 (030)
{ { /‘MV ( MOV D00199 Q0002 —4
Latch Done WRIT DATA
(043)
p—( MOVD D00199 #0010 Q0003 }—@
WRIT CTR CTRL BITS
Q000308
{ =
R/W Req
1000514 Q000314
)
TSRF PCWF

The latch enables the
write cycle until it
completes

The memory counter is
initialized to the starting
location...

then incremented on the
falling edge of TS Read
Finished...

until the final location is
reached. Then the write
cycle is complete

The data at the counter
address is moved to
Word N

The address is moved to
Word N+1

The R/W request bit is set
indicating a write request

The handshaking is
controlled by the
response of the module
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Section 5-6

5-6-2 Reading Data from the Module

Example 1

Reading a Single Memory Map Location

The T/C Module occupies locations 002, 003, 004, and 005.
the data value from DM62 is stored in PLC memory D0262.

C-Series
20001 20004 20002
| /\/V
1 I I
Strobe Done Latch
20002 00315 ‘
. DIFD
‘ 20003
Latch PCRF
20003 20004
Done
20002 20004 ‘ MOV
P | /;/4/ #0062
\ \ ‘ #0010
Latch Done 003
00514 20003 20005
— 1
I I
TSRF ADRS WTN
00515
TSWF
20005 00515 @ MOV
;_( ’_4 b r s_‘ )— 004
D0262
ADRS WTN TSWF
00315
PCRF
20004 20005 00514 00314
—f F =t
\ \ \
Done ADRS WTN TSRF PCWF

In this example,

The latch enables the
read cycle until it
completes

The read cycle is
complete on the falling
edge of PC Read
Finished

0062, the memory map
location where data is to
be read is moved to word
N+1

When the module has
read the address, this
latch is set

When the module has
provided the requested
data in word N+2, it is
moved to D0262

The handshaking is
controlled by the
response of the module
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Section 5-6

Reading a Block of Memory Map Locations
The T/C Module occupies locations 002, 003, 004, and 005. This example
reads a block of data from module memory locations 01 through 18 and
stores it in PLC memory locations D01001 thru D01018. Note that the lower
two digits of the two memory areas correspond. This was done intentionally
to simplify programming.

CV-Series
20001 20004 020002
—— £ O
L ‘ ‘ \ T
Strobe Done Latch
(030)
{4 MOV #1001 D00197 }——@
20002 READ CTR
0_{ Q000315
N 020003
Latch 0—‘ ‘ { )—e
PCRF
020003 (090)
0—‘ ; { INC Doo197 »—@
READ CTR
(020) A50005 020004
CMP D00197 #1018)—‘ ’—( e
READ CTR GRTR Done
20002 020004 (043)
} J/‘V { MOVD D00197 #0010 Q0003 }———@
READ CTR  CTRL BTS
Latch Done
1000514 020003 020005
ot -
TSRF ADRS WTN
1000515
1)_( ’_‘I
TSWF
020005 1000515 (030)
< 3 < p—( ! MOV 10004 D00197 }——@
ADRS WTN TSWF RD DATA
Q000315
{ )
PCRF
020004 020005 1000514 Q000314
—f F 2+ ¢ )
Done ADRS WTN TSRF PCWF

The latch enables the
read cycle until it
completes

The memory counter is
initialized to the starting
location...

then incremented on the
falling edge of PC Read
Finished...

until the final location is
reached. Then the read
cycle is complete

The memory address is
moved to word N+1

When the module has
read the address, this
latch is set

When the module has
provided the requested
data in word N+2, it is
moved to D00197

The handshaking is
controlled by the
response of the module
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5-6-3 Setting and Resetting, Enables and Resets

Example 1
Reset Low/High Alarm
C-Series
20110 00508 00311
| _ | When reset strobes on
"_{ I M/ and the alarm flag in word
N+3is ON, alarm reset in
Reset ALRM FLG ALRM RST w;rd N+1 is turned ON,
when the flag clears,
alarm reset is turned OFF
00311
<
ALBRM RST
Example 2
Reset Selected Peak Hold Registers
CV-Series
020111 Q000313 Peak hold reset
|
—
RST ENA PKRST

Q000301

Reset peak hold
register for input
point 2

Q000305

Reset peak hold
register for input
point 6

5-6-4 Programming Note

Most programs will contain programming for both reading from and writing to
the module as shown in the previous sections. However, since the same
handshaking bits are used in both operations, the two cannot be performed
simultaneously. In fact, care in programming must be exercised to insure that
they are not. The easiest way to do this is to have one section prevent the
other from being initiated while it itself is enabled, and vice versa. The
LATCH bits in the programming examples, which indicate which section is
enabled at the time, can be used for this.

Furthermore, the handshaking bit PC Write Finished appears in both writing
and reading sections. While one section may turn the bit ON, the section that
follows, though disabled, will turn it OFF since that section’s logic is still
scanned if programmed exactly as shown. One way to solve this problem is
to use jumps in the program to jump over the disabled section so that the
logic is not scanned. A second way is to store the logic leading up to PC
Write Finished in a temporary location in each section, then logically OR the
two temporary locations together and store the result in PC Write Finished.

The Enables and Resets in Word N+1 Bits 09 thru 13 should be set to ‘1’ for
at least about 30 milliseconds to ensure that they are read by the module. In
programs whose scan time is 30 ms or more, this is not a problem. In very
short programs, these bits may need to be set for two or more program
scans.
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Section 5-7

5-7 Using the Heartbeat

Example 1

Example 2

56

The Module Good Flag, in both 2-word and 4-word modes, pulses at 1 Hz
rate (0.5 second ON, 0.5 second OFF) with a 45-55% duty cycle. This is the
heartbeat. It indicates that the microprocessor in the module is operating
properly and is providing updated input point conversion data to the PLC. In
critical applications, the PLC program can verify that the T/C module is op-
erational by examining and timing the heartbeat.

Simple programs to monitor the heartbeat are shown below. A pulse is gen-
erated on the rising edge of the heartbeat signal to reset the timer. The timer
is set for 1.5 seconds to allow for the variation in the heartbeat. More compli-
cated programs using both rising and falling edges of the heartbeat, and a
timer setting of 0.8 seconds can also be used.

Example 1 - Heartbeat in 2-word mode, module base addresses at 1/0 002,
in C-Series.

Example 2 - Heartbeat in 4-word mode, module base addresses at 1/0 002,
in CV-Series.
C-Series, 2-Word Mode

C-Series

00307
< | DIFU
I 20200

M-HBT

20200 ™

< r—/<,H/ 002
#0015

T002 20201

—

M-ALRM

20201

—

M-ALRM

CV-Series, 4-Word Mode
CV-Series

1000510 020200

—

M-HBT

020200

"_/‘/‘y {  TIMO002 #0015 )»—@

T0002 020201

— |

M-ALRM

20201

—

M-ALRM




APPENDIX A
Standard Models and Manuals

Name Description Part number
C500-TS501 8 Point Thermocouple Input Module
Manual for C500 TS501 HO02TAZ2

CV Installation Manual - W195

CV Operation Manual: - W202

Ladder Diagram

C Installation Manual - W139

C Operation Manual - W140

CvVss

CV Support Software

CV500-ZS3AT1-E

LSS

Ladder Support Software

C500-Y9LS11-EV3
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APPENDIX B

Specifications
Number of thermocouple inputs 8 channels, isolated
Input signal ranges °C °F
J-Type 0-760 32-1400
K-Type 0-1372 32-2501
R-Type 0-1765 32-3209
S-Type 0-1766 32-3211
T-Type 0-400 32-752
E-Type 0-1000 32-1832
J-DIN Type 0-900 32-1652
Millvolts 0 -50mV
Intelligent functions Scaling, alarming, averaging, filtering, peak hold. Selectable and
configurable per input point
Resolution 1°in BCD, 0.1° in binary
Accuracy J,K,R, S, E, J-DIN T Millivolts
25°C +0.15% +0.55% +0.1%
0-55°C at 0-95% relative humidity +0.56% +1.8% +0.1%
Under extreme noise conditions* +1.25% +1.25% +1.25%
Repeatability 0.08%
Conversion time 15 ms minimum, all 8 inputs
Reporting data format Signed BCD
2’s Complement binary
Configurable from PLC or serial port
Allocated words 2 words/4 words - selectable
PLC communications Intelligent 1/O read/write instructions for OMRON C, CV, CVM1
series
Internal memory RAM
EEPROM for memory map storage
Front window indicators Run, error, range, comm error, transmit/receive
Input connector 24 point terminal block
Vibration resistance Durability 10 to 54.8 Hz at 0.25 mm amplitude in X, Y and Z directions for 12
sweeps in 10 min.
54.8 10 300 Hz at 3G in X, Y and Z directions for 12 sweeps in 10
min.
Malfunction | 10 to 61.2 Hz at 0.1 mm amplitude in X, Y and Z directions for 4
sweeps in 8 min.
61.2 to 150 Hz acceleration at 1.5 G in X, Y and Z directions for 4
sweeps in 8 min.
Impact resistance Durability |30 Gin X, Y and Z directions three times each direction
Isolation Optical isolation between input terminals and PLC: 1500 VAC
Optical isolation for RS-232C: 1500 VAC
Power consumption 1.4 A from backplane; 7.4 W max.
Dimensions 34.5(W) x 250(H) x 127(D)
Weight 700 g maximum

Note: Immune to operational malfunction when subjected to electrical noise:
100ns and 1us, 1500V pulses induced on power supply
100ns and 1us, 1200V pulses induced on frame ground
100ns and 1us, 1200V pulses induced on 10 turn winding on input cables
100ns and 1us, 600 V pulses induced on 3 turn winding on case
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APPENDIX C

Dimensions
C500-TS501 Thermocouple Module
Unit: mm (inch)
0 ® i
. ® I
® @
250
(9.84)
@
®
R — ® ® Y
] (.
e 127
1.36
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C500-TS501 8-Point Thermocouple Input Module Configuration Worksheet

APPENDIX D
Configuration Worksheet

Bit| 15 |14 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1 |0 | Hex/BCD
Data Module | Input point | 8 |7 5 3 (2 (18|76 543 |21 value
mem mem
emory mgp °Y Function
25 Input point
enable bits
Input point
peak hold
enable bits
26 Input point
binary/BCD
select
enable bits
Input point
scaling
enable bits
27 Input point
averaging
enable bits
Input point
filtering
enable bits
28 Input point
low alarm
enable bits
Input point
high alarm
enable bits
29 Input point
degrees
C/F select |0 010
bits
Data Module | Function Decimal Hex/BCD
memory memory value value
map
30 Low alarm limit — input point 1
31 High alarm limit — input point 1
32 Low alarm limit — input point 2
33 High alarm limit — input point 2
34 Low alarm limit - input point 3
35 High alarm limit — input point 3
36 Low alarm limit — input point 4
37 High alarm limit — input point 4
38 Low alarm limit — input point 5
39 High alarm limit — input point 5
40 Low alarm limit - input point 6
41 High alarm limit — input point 6
42 Low alarm limit - input point 7
43 High alarm limit — input point 7
44 Low alarm limit — input point 8
45 High alarm limit — input point 8
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Configuration Worksheet Appendix D
Data Module | Function Decimal Hex/BCD
memory memory value value

map

46 Filtering time constant - input point 1

47 Filtering time constant - input point 2

48 Filtering time constant - input point 3

49 Filtering time constant - input point 4

50 Filtering time constant — input point 5

51 Filtering time constant - input point 6

52 Filtering time constant — input point 7

53 Filtering time constant — input point 8

54 Averaging sample counts - input point 1

55 Averaging sample counts - input point 2

56 Averaging sample counts - input point 3

57 Averaging sample counts - input point 4

58 Averaging sample counts - input point 5

59 Averaging sample counts - input point 6

60 Averaging sample counts - input point 7

61 Averaging sample counts - input point 8

62 Scaling low limit — input point 1

63 Scaling high limit — input point 1

64 Scaling low limit — input point 2

65 Scaling high limit — input point 2

66 Scaling low limit — input point 3

67 Scaling high limit — input point 3

68 Scaling low limit — input point 4

69 Scaling high limit — input point 4

70 Scaling low limit — input point 5

71 Scaling high limit — input point 5

72 Scaling low limit — input point 6

73 Scaling high limit — input point 6

74 Scaling low limit — input point 7

75 Scaling high limit — input point 7

76 Scaling low limit — input point 8

77 Scaling high limit — input point 8
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APPENDIX E
Module Memory Map Values and Functions

Data/flag Module | Read/ | Data Valid data Out of Save/ Reset | Reset on | Conditions
memory | write | format range box load input | function
power | EEPROM point enable
up enable
default
Input point alarm 00 R Binary |Oor1 0 No No No User-reset
and invalid data error from 1/O
flags word
Input point 01to 08 R Binary | -32767 to 32767 | 0 No Yes Yes Set by
conversion data BCD 7999 to 7999 0 module
Input point alarm 09to 10 R Binary |Oor1 0 No No No Set by
flags module
Input point peak hold | 11 to 18 R Binary | -32767 to 32767 | 0 No Yes Yes Set by
data BCD —-7999 to 7999 0 module
Input point active 19, bits R Binary |Oor1 All 1 No Yes No Set by
flags 0-7 module
Input point function 19to 23 R Binary |Oor1 0 No No Yes Set by
active flags module
Pointer word 24 R/W BCD 00 to 83 0 No No No Set by user
Input point enable 25, bits R/W Binary |Oor1 All 1 Yes No No Set by user
flags 0-7
Input point 26, bits R/W Binary |Oor1 All 1 Yes No No Set by user
binary/BCD section 0-7 (BCD)
Input point function |25 to 29 R/W Binary |Oor1 0 Yes No No Set by user
enable flags
Input point alarm 30 to 45 R/W Binary | -32767 to 32767 | 100 low | Yes No No Set by user
limits BCD 7999 to 7999 3900
high
Input point filtering 46 to 53 R/W Binary | 1to 32767 100 Yes No No Set by user
constants BCD 1 to 9999
Input point 54 to 61 R/W Binary | 1 to 32767 20 Yes No No Set by user
averaging counts BCD 1 to 9999
Input point scaling 62 to 77 R/W Binary | -32767 to 32767 | O low Yes No No Set by user
limits BCD 7999 to 7999 100
high
Input point type 7810 79 R BCD Oto7 3 No No No Set by
select module
EEPROM total writes | 80 R Binary | 0000 to 9999 0 Yes No No Set by
module
EEPROM error flags | 81 R Binary |Oor1 0 No No No Set by
module
EEPROM compare 82 R/W Binary | 0000 to 9999 0 No No No Set by user
register
Input point open 83 R Binary |Oor1 0 No No No Set by
thermocouple flags module
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A

alarm function configuration, 42
alarms, 27, 42
averaging, 26, 44

averaging function configuration, 44

B

backplane, 13
BCD, 23

bits, 23, 30

block diagram, 22

C

captive screw, 11
circuit board, 11

configuration worksheet, 61

D

data format, 3, 21

default ladder programs, 3
default values, 23
defaults, 3

E

EEPROM, 28

F

filtering, 26

filtering function configuration, 43
flags, 23, 30

front cover, 7

I/O read, 39
1/O terminal block, 7

Index

1/O write, 37

identification
backplane connector, 6
captive screws, 6
DIP switches, 6
front cover, 6
I/O terminal block, 6
indicators, 6
jumpers, 6

indicators
comm err, 7
error, 7
range, 7
run, 7
T/R light, 7

input signals, 18

input word, 36

input words, 46

installation, 10

intelligent functions, 24

intelligent functions configuration, 41, 42, 43, 44

internal processor, 28

J

jumpers, 8, 11

memory map, 3, 28, 30

model numbers
C500-TS501, 6
HO2TAZ2, 6

module locations, 10

P

peak hold, 27
power consumption, 10

programming, 41

Q

quick start procedure, 2



Index

R terminology, 2

two word mode, 22
RAM, 30

read alarm, 39
read memory map, 40 U
reference manuals, 3

rotary switches, 8 unpacking
handling, 6

rotary switches and jumpers, 3 static electricity, 6

S

scaling configuration, 41

w

scaling description, 25 wiring, 13
signal requirements, 10 wiring diagrams, 14
wiring practices, 10
T write data memory, 38

terminal block cover, 11 write to locations, 39



Revision History

A manual revision code appears as a suffix to the catalog number on the front cover of the manual.

SYSMAC C1000H/C2000H
CV1000/CV2000/CVMH1
C500-TS501 Thermocouple Input Module
Operation Manual

Cat. No. HO2TAZ2

|— Revision code

The following table outlines the changes made to the manual during each revision. Page numbers refer to the

previous version.

Revision code Date Revised content
HO2TAZA October 1994 Original production C500-TS501EU
HO2TAZ2 January 1996 C500-TS501EU revised to C500-TS501
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