K-type Analog I/O Units
Operation Guide

Revision, June 1991
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Notice:

OMRON products are manufactured for use according to proper procedures by a qualified operator
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 products are capitalized in this manual. The word “Unit” is also capitalized when it refers
to an OMRON product, regardless of whether or not it appears in the proper name of the product.

The abbreviation “Ch,” which appears in some displays and on some OMRON products, means
“word” and is 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... Indicates lists of one sort or another, such as procedures, precautions, etc.

© OMRON, 1991

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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About this Manual:

This manual provides hardware and software information required to design K-type Analog I/O Units
into a Control System. Analog Input Units enable converting analog signals from external devices into
8-bit binary data for input into the CPU. Analog Outputs Units enable converting 8-bit binary data
from the CPU into analog signals for output to external devices.

K-type Analog I/O Units can also be used with P-type PCs.

Section 1 shows how Analog I/O Units are designed into the PC System, including the types of exter-
nal I/O devices that they are used with.

Section 2 describes the methods used to convert analog signals and binary data. It also explains oth-
er aspects of Unit operation, including bit allocations in the IR area of the PC.

Section 3 provides the names of Unit components and accessories.
Section 4 describes how to wire and install the Units. Unit dimensions are also included.
Section 5 provides examples of ladder diagram programs that are applicable to Analog I/O Units.

Appendix A provides a list of the basic specifications and complete model numbers of K-type Analog
I/O Units.

Appendix B provides technical specifications.
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Basic Setup

Section 1-1

1-1

1-2 Basic Setup

1-3

Introduction

K-type/P-type CPU

K-type/P-type CPU

Analog I/O Units are used to interface the digital operation of the PC with
analog I/O devices. Analog Input Units convert analog signals from analog
input devices to digital PC signals; the Analog Output Unit converts digital PC
signals to analog signals for analog output devices.

There are three K-type Analog I/O Units available. The C1K-AD Analog In-
put Unit, which provides one input; the C1K-DA Analog Output Unit, which
provides one output; and the C4K-AD Analog Input Unit, which provides four
inputs. All Units provide voltage or current I/O terminals.

An Analog I/O Unit is connected directly to the CPU or Expansion I/O Rack
using an I/O Connecting Cable. The external I/O device is then wired to the
Analog I/O Unit. Any 1/O device may be used as long as its voltage/current
requirements fall within specified ranges (see Appendix B).

The 1/O device connected to the Analog I/O Unit will often serve as an inter-
face for another device, e.g., a preamplifier would interface a pressure gauge
to increase the signal level to Analog Input Unit requirements; a regulator
would interface a heating system to control temperature.

Some example setups are shown below. Refer to Section 4-3 for details on
wiring.

— for temperature,
pressure, speed,

flow rate, etc.

Analog sensor
Preamplifier -— |:

Analog sensor for
voltage, current,
power supply,
power factor, etc.

Transducer -—

Analog Input Unit

—> Regulator —_— A NN
Temperature control

Servo-controller | — —( : —

VAR
Variable speed control

Analog Output Unit == Speed controller —_— —@—
A

Load

IR Area Allocations

The Analog I/O Units are allocated 2 words each. Refer to your CPU Opera-
tion Manual for details on IR area allocation. The use of these words by the
Analog I/O Units is described in Section 3-1-4 for Analog Input Units and in
Section 3-2-4 for the Analog Output Unit.
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Terminals and Connectors

Section 2-1

2-1 Terminals and Connectors

Connectors are supplied with the Units: one each with the C1K-AD and
C1K-DA, and two with the C4K-AD. Mounting screws are spring-loaded and
terminal pressure plates are self-rising. Terminals are as shown in the follow-

in

g section.

2-2 Component Names

Names of Analog I/O Unit components are shown below. Terminals are as

follows:
ViN Voltage input Vourt Voltage output
Iin Current input lout Current output
COM Common SH Shield
C1K-AD Voltage/current input terminals C1K-DA Voltage output terminals

CPU connector

!

(Ek— mouning

— _— —

I/O Connecting cable
C4K-CN502

C4K-AD

Connector from
preceding stage

— |

Not used. Shield

Two M4
@ mounting
Vid] li|cOM screws CPU connector Vou{Voii °M

l O cn

Screws

— _— —

I/O Connecting cable
C4K-CN502

Input 3 Input 4

I I I
o} §Or—

NC NC NC NC NC |v3in|I3in |COM| SH | Va4in| 14in | COM|SH @

OMmRoN

Current output terminals

Four M4
mounting
screws

Display panel

A

viid] i |com] sk [ vail] i2it] coM'sn [nc ne ne ne NG r_@
j©
I |

Input 1 Input 2

Connector to next stage
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Analog Input Units Section 3-1

3-1 Analog Input Units

There are two Analog Input Units. The C1K-AD provides one input; the C4K-
AD provides four inputs. Each of these inputs can be either current or voltage
based.

3-1-1 Input Signal Ranges

Analog Input Units convert input analog signals to 8-bit binary data to enable
processing by the CPU. A Unit can be connected to convert either the volt-
age or the current of the input signal. This current or voltage must be within
the following ranges.

Voltage 1to5V
Current 14 to 20 mA

3-1-2 Analog-Digital Conversion

The analog input signal is converted in a straight-line relationship to binary
values between 00000000 and 11111111 (00 and FF in hexadecimal). These
are related to the input voltage and current ranges as shown in the following
graph.

FF
(256)

Converted data
(digital)

00 f l l l l

4 mA 20 mA

or 1V or 5V
Signal from external
device (analog)



Analog Input Units

Section 3-1

3-1-3 Block Diagrams

The block diagrams for the Analog Input Units are shown below. These dia-
gram show the internal processing used to convert between analog signals

C1K-AD

C4K-AD

3-1-4

C1K-AD

Input 1

Input 2

Input 3

Input 4

and digital data.

All shield terminals are floating.

Voltage input g AD " 5
_ emory us
) ™ converter :(> circuit :(> inter-* /O bus
Current input Q face
A [}
Shield
Timing
circuit
L ]
Voltage input
Current input Multi- | AD CPU Bus
Common plexer [ converter$ $ inter- » I/O bus
face
Shield

Voltage input

Current input

Common
Shield

Voltage input

Current input

Common
Shield

Voltage input

Current input

Common
Shield

A

RAM
or
ROM

Watchdog J

timer

IR Area Allocations

Each Analog Input Unit is allocated two words in the IR area according to the
system configuration of the PC. One of these words will be an input word; the
other, an output word. The input word is represented by “n” in this manual;
the output word, by “m.” Refer to your PC’s Operation Manual for details on
IR area allocation to determine the actual input and output words that will be

allocated.

The C1K-AD uses only the first eight bits of the input word allocated to it.
These eight bits are used to store the binary equivalent of the analog input
signal as shown below.



Analog Input Units

Section 3-1

C4K-AD

The remainder of the input word is not used and cannot be accessed. The
output word is also not used but can be accessed by the program for use as

work bits.
Input bits: IR n Output bits: IR m
00 Input data 20 00
01 Input data 21 01
02 Input data 22 02
03 Input data 23 03
04 Input data 24 04
05 Input data 25 05
06 Input data 26 06
07 Input data 27 07 Available as work bits.
08 08
09 09
10 10
11 Cannot be used. 11
12 12
13 13
14 14
15 15

The C4K-AD uses the first eight bits of the input word allocated to it to store
the binary equivalent of the analog input signal as shown below. The binary
equivalent for only one of the four inputs is stored at any one time.

Most of the remaining input bits and the first eight output bits are used to indi-
cate which analog input the binary equivalent is for and to coordinate reading
in the four inputs. The operation of these is described below.

The two input bits that are not used cannot be accessed. The unused output
bits can be accessed by the program for use as work bits.

Input bits: IR n Output bits: IR m
00 Input data 20 00 Input 1 ON/OFF control bit
01 Input data 21 01 Input 2 ON/OFF control bit
02 Input data 22 02 Input 3 ON/OFF control bit
03 Input data 23 03 Input 4 ON/OFF control bit
04 Input data 24 04 Input 1 Read Complete control bit
05 Input data 25 05 Input 2 Read Complete control bit
06 Input data 26 06 Input 3 Read Complete control bit
Q7 Input data 27 Q7 Input 4 Read Complete control bit
08 Input 1 Read flag 08
09 Input 2 Read flag 09
10 Input 3 Read flag 10
11 Input 4 Read flag 11 Available as work bits.
12 Cannot be used. 12
13 Input High flag 13
14 Input Low flag 14
15 Cannot be used. 15




Analog Output Unit Section 3-2

Process Flow ( Start > The flowchart at the left represents the opera-
tion of the ON/OFF control bits, the Read flags,
and the Read Complete control bit in controlling
> data input into the IR area. This operation is
repeated in sequence for each input whose ON/
OFF control bit is ON, i.e., the ON/OFF control
bits are set in the normal program (see example
in Section 5-2-1) to control which inputs are
read. Each bit requires a maximum of 20 ms to
be read.

> The process starts when an ON/OFF control bit
is turned ON. The statuses of the input data bits
for that input are read and then the Read flag is
turned ON. When the Read Complete control bit
has been turned ON from the program to indi-
cate that the input data is not required any long-
er, the Read flag is turned OFF and the same
procedure is used for the next input whose ON/
Yes OFF control bit is ON.

| Input data read. |

Read Complete
control bit ON?

Read flag OFF.

Other Flags The Input High flag and the Input Low flag are turned ON when any input is
above or below the input ranges specified in Section 3-1-1.

3-2 Analog Output Unit

There is one Analog Output Unit, which provides one output. This output can
be either current or voltage based.

3-2-1 Output Signal Range

The Analog Output Unit converts 8-bit binary data from the CPU to an ana-
log signal so that it can be output to an external device. A Unit can be con-

nected to convert either to a voltage or to a current. This current or voltage

will be within the following ranges:

Voltage 1to5V
Current 14 to 20 mA

3-2-2 Digital-Analog Conversion

Binary values between 00000000 and 11111111 (00 and FF in hexadecimal)
are converted to an analog output signal in a straight-line relationship. These

9



Analog Output Unit Section 3-2

are related to the output voltage and current ranges as shown in the following
graph.

20 mA
or 5V

Converted data _|

(analog) -

4 mA
ori1Vv
0 >
00 FF
(256)

Data from CPU (digital)

3-2-3 Block Diagram

The block diagram for the Analog Output Unit is shown below. This diagram
shows the internal processing used to convert between digital data and ana-
log signals.

The shield terminal is floating.

C1K-DA

Voltage input g
D/A Memory Bus
(+) | converter <‘l: circuit <:: inter—« I/O bus
Current input a o face
[} [}
Shield
Timing |
circuit
L ]

3-2-4 IR Area Allocations

The Analog Output Unit is allocated two words in the IR area according to the
system configuration of the PC. One of these words will be an input word; the
other, an output word. The input word is represented by “n” in this manual;
the output word, by “m.” Refer to your PC’s Operation Manual for details on
IR area allocation to determine the actual input and output words that will be
allocated.

The Analog Output Unit uses only the first eight bits of the output word allo-
cated to it. These eight bits are used to store the binary value that is being
converted for output to an external device. These bits are shown below.

10



Analog Output Unit

Section 3-2

The input word is not used and cannot be accessed. The last half of the out-
put word is also not used but can be accessed by the program for use as

work bits.
Input bits: IR n Output bits: IR m

00 00 | Output data 2°

01 01 | Output data 21

02 02 | Output data 22

03 03 | Output data 23

04 04 | Output data 2%

05 05 [ Output data 25

06 06 | Output data 2°

07 Cannot be used. 07 Output data 27

08 08

09 09

10 10

11 11 Available as work bits.
12 12

13 13

14 14

15 15

11
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I/0 Connecting Cables Section 4-1

4-1 1/O Connecting Cables

The Analog I/O Units are connected to the CPU through the following cables.

Unit Cable Length

C4K (Horizontal connection) [ C20P-CN501 |5 cm
C20P-CN411 |40 cm
C1K (Horizontal connection) [ C4K-CN502 5cm

The 1/0 Connecting Cable must be connected from the right-side on the
CPU or Expansion I/O Unit to the left-side (IN) connector on the Analog I/O
Unit. Connect the end of the I/O Connecting Cable without a cover to the
Analog I/0 Unit.

C20K CPU C4K-AD Analog

—.

Caution An incorrect connection can destroy the Analog I/O Unit. Do not use any
cable other than those listed above. Do not connect the CPU to the right-
side (OUT) connector on the Analog I/O Unit. Do not reverse the ends of the
I/O Connecting Cable.

Input Unit

4-2 Dimensions

Mounting dimensions are shown below. All units are in millimeters.

Two M4
mounting
screws

C1K-AD and C1K-DA I

T

[ ]

g

> 40 < e 100 —™
Four M4
C4K-AD } T PiEEEEEEEEEEEEEle Mmounting - '
) ®| SCcrews !
110 100 D 114
v @ © J
EEEEEEEEEEEEE -.'gT i — -G Y
I 145 1
- 155 e—— 100 —>

14



Wiring Section 4-3

4-3 Wiring

The Analog I/O Units must be wired to provide voltage or current inputs with-
in the specified ranges. If the ultimate 1/0 device does not provide the correct
voltage/current, an intermediate device (e.g., preamplifier) must be used. De-
tails of wiring are provided here only for the terminals on Analog I/O Units.

Refer also to the operating manual for the I/O device (or intermediate device)
for wiring details.

Wiring diagrams are provided in this section for all Units. Use only shielded,
twisted—pair cable to connect an Analog I/O Unit to an external 1/0 device. All
terminals are equipped with M3.5 screws and self-rising pressure plates.

4-3-1 Analog Input Units

For voltage inputs, wire directly to the voltage terminals. For current inputs,
wire directly to the current terminals and then short the current and voltage
terminals together using the enclosed jumpers (NN .

C1K-AD

Voltage Input

Current Input

<
o

7smax | (O] 7s5max | (O—]

(For M3.5 screws)

For M3.5 screws
CiK-AD| ( ) CiK-AD|
NC NG| sH| NC NG| sH|

EIEIE] PIFIEIE]

15



Wiring Section 4-3

C4K-AD
Voltage Input Current Input
Input3 | +V 0V +V 0V |Input 4
Input 3 Input 4
OV OV [%g [%g
Y \Y4

NC NC NC NC NC[ ] [ ] NC NC NC NC NC [Vj [Vj

SR D NN
OIEEEEPREEEPEREEC, (@ EEEREEEPEREEE ©

® NC NC NC NC NC|vaif|iaif [com| sH | vaih| 14in" | com sH ® ® NC NC NC NC NC|vaif|iaif [com| sH | vaih| 1aii" | com sH ®

OmRoN OmRoN

R®
=l

®| [vi irt [com| sh [ vail] ieit[codsH [Nc Ne Ne NG ne I"@ viid] i | com] sk [ vaii] i2it] co'sh [ne ne ne Ne NG I"@
Slncccananc s SRR neEesaee panaalE

' ' ' ' ' S
' ' ' ' '
NC NC NC NC NC

o o

—————1 —————1

VAN AN
ov oV
Input 1 Input 2

Input 1 +V 0V +V 0V Input 2

' ' ' ' '
' ' ' ' '
NC NC NC NC NC

] |
] |

16



Wiring Section 4-3

4-3-2 Analog Output Unit

Voltage and current output terminals are separate on the Analog Output Unit.
Never wire both at the same time; only one can be used at a time.

SN

Voltage outiiut
Bl
O cH

IN

(For M3.5 screws) C1K-AD|

7.5 max ]:@:D m
ame

<— Current output

17
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Basic Considerations

Section 5-1

5-1 Basic Considerations

To effectively employ the Analog I/O Units, it is important that data be moved
to and from the IR words assigned to them at the proper time and stored in
another location where it can be processed.

5-2 Programming Examples

Programming is an important consideration when using the Analog I/O Units.
Programming instructions must be used to move the desired data to loca-
tions where it can be stored for later access. With the C4K-AD, the program
must also be used to control which inputs are being read and the timing of
these inputs.

5-2-1 Analog Input Units

C1K-AD

C4K-AD

Example Configuration

20

With the C1K-AD Analog Input Unit, all that is necessary is that the input
data be moved from the word allocated to the Unit to the data area where it is
to be stored. The following example shows how to do this each scan so that
DM 00 always holds the most recent input data. In this example IR 02 is the
word allocated to the Unit. This word will vary with the system configuration.

’ MOV (21)

] 02
{ 1813 (always ON) DM 00

Programming is more complex with the C4K-AD because the data for up to
four inputs must be stored before it is overwritten. This requires use of the
Read flags for the four inputs. The ON/OFF flags for the desired inputs must
be turned ON by the program to ensure that the inputs are read and con-
verted.

The program given below is written for the following configuration.

Output word: IR 01 Output word: IR 03

C20K CPU
I

Input word: IR 00 Input word: IR 02

C4K-AD Analog Input Unit




Programming Examples Section 5-2

Bits and Words Used The following bits and words are used in the example program.

0200 through 0207 Bits in input word of the Analog Input Unit where converted input data is first placed.
0208 through 0211 Read flags for the four inputs

0213 Input High flag; used to indicate an error in input values; data not moved if ON.
0214 Input Low flag; used to indicate an error in input values; data not moved if ON.
0300 through 0303 ON/OFF control bits; turned ON each scan to ensure that all input data is read.
0304 through 0307 Read Complete control bits; turned ON to indicate that input data has been moved.
1000 through 1007 Used to store input data until it is stored in the proper location for each input.

1013 Work bit; used to indicate high input value.

1014 Work bit; used to indicate low input value.

1813 Always ON flag; used to ensure that ON/OFF control bits remain ON.

DM 00 through DM 03 Words used to store input data until a new value is input and transferred.

Program The following program is used to move the input data for each input into a

separate DM word so that the most recent value for each input is always
available. The Always ON flag is used to ensure that the Read flags stay ON.
Input data is first temporarily stored in IR 10 for the input whose data is being
read, and then the data is transferred to the proper DM word before the Read
Complete control bit is turned ON and the process repeated for the next in-
put.

Here, the Input High and Input Low flags are used both to prevent data from
being moved when there is an error and to turn ON work bits that can be
used to signal the errors.

21



Programming Examples

START

1813

Section 5-2

i

(always 'ON)’

0200

i

0201

il

0202

il

0203

il

0204

il

0205

il

0206

il

207

.l

0208

..—l '
|
Input 1

Read flag

0209

..—l '
|
Input 2

Read flag

v

CONTINUED

22

Input 3

Input 4

Alarm for
input 1

CONTINUE
\
0210
0300 ) Input 1 ON/OFF ._| I BCD(24)
control bit Input 3 10
Read flag
Input 2 ON/OFF DM o3
control bit
@ Input 3 ON/OFF
control bit 0211
—| BCD(24)
Input 4 ON/OFF Input 4 10
i Read flag
control bit DM 04
@
1001
Input High ~ Input 1
flag Read flag
0213 0208
1002 J | 10 KEEP(11)
—} 11 0105
1003 0213 02?8
|
1004 Input Low  Input 1
flag Read flag
0214 0208
4 1 11 KEEP(11)
1005 '_l | 11 0106
0214 0208
® Iy 11
@
BCD(24)
10 .
o o1 Note: Alarms for inputs 2, 3 and 4 must be pro-
Input 1 gramed similar to the Alarm #1 example, but
@ using 209, 210, and 211, respectively.
BCD(24)
10
DM 02 Input 2
@ : END(01) I




Programming Examples Section 5-2

5-2-2 Analog Output Unit

With the C1K-DA Analog Output Unit, all that is necessary is that the proper
data be moved from the data area where it is stored to the word allocated to
the Unit. The following example shows how to do this each scan so that the
most recent contents of DM 00 is always output. In this example IR 03 is the
word allocated to the Unit. This word will vary with the system configuration.

MOV(21)
1} DM 00
| 1813 (always ON) 03

23



Appendix A

Standard Models

Name Specifications Model No.
Analog Input Unit 1to 5V or4to20 mA, 1 input C1K-AD
1to5Vandor4to20 mA, 4 inputs | C4K-AD
Analog Output Unit 1105V or 4to 20 mA, 1 output C1K-DA
C4K 1/0 Connecting Cable |5 cm (horizontal connection), C20P-CN501
included with Unit
40 cm (horizontal connection) C20P-CN411
included with Unit
C1K I/O Connecting Cable |5 cm (horizontal connection) C4K-CN502

included with Unit

25



Appendix B
Specifications

General

Same as other C-Series except for insulation resistance and dielectric

strength, where high voltages are not withstandable.

Analog Input Units

Item

Specifications

Number of analog inputs

Input signal range

C1K-AD: 1 | C4K-AD: 4
Voltage input: 1 to 5V
Current input: 4 to 20 mA

Resolution Voltage input:  15.6 mV (1/256)
Current input:  62.5 nA (1/256)

Accuracy 25°C: +1.0% max. of full scale
0° to 55°C: +2.0% max. of full scale

Conversion time 20 ms max. (per bit)

External input impedence Voltage input: 1 MQ min.
Current input: 250 Q

Code input to CPU 8-bit binary

Number of words allocated 2

Number of terminals on terminal block

C1K-AD: 6 (fixed) | C4K-AD: 26 (removeable)

Insulation

Non-insulated

Internal power supply

250 mA max. at5V

Weight

C1K-AD: 250 g max. | C4K-AD: 750 g max.

Analog Output Unit

Item

Specifications

Number of analog outputs

1

Output signal range

Voltage output: 1to 5V
Current output: 4 to 20 mA

Resolution Voltage output: 15.6 mV (1/256)
Current output: 62.5 uA (1/256)

Accuracy 25°C: +1.0% max. of full scale
0° to 55°C: +2.0% max. of full scale

Conversion time

20 ms max. (per bit)

External output impedence

Voltage output: 0.5 Q max.

Maximum current for external output

Voltage output: 15 mA max.

Permissable load resistance for external output

Current output: 250 €2 max.

Code required from CPU 8-bit binary
Number of words allocated 2
Number of terminals on terminal block 6 (fixed)

Insulation

Non-insulated

Internal power supply

250 mA max. at5V

Weight

250 g max.
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Revision History

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

Cat. No. W122-E1-3A

L

Revision code

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

previous revision.

Revision code Date Revised content
1 March 1988 Original production
2 October 1988 Corrections and additions to following pages: 12, 13, 14, 15, and 16
3 August 1989 Complete reorganization and rewrite
3A June 1991 C4K-AD Analog Input Unit corrected on pages 14 and 20.
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