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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 precautions in this
manual. Always heed the information provided with them. Failure to heed pre-
cautions can result in injury to people or damage to property.

&DANGER Indicates an imminently hazardous situation which, if not avoided, will result in death or
serious injury. Additionally, there may be severe property damage.

AWARNING Indicates a potentially hazardous situation which, if not avoided, could result in death or
serious injury. Additionally, there may be severe property damage.

&Caution Indicates a potentially hazardous situation which, if not avoided, may result in minor or
moderate injury, or property damage.

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, often means “word” and is abbreviated “Wd” in documentation in
this sense.

The abbreviation “PLC” means Programmable Controller. “PC” is used, how-
ever, in some CX-Programmer displays to mean Programmable Controller.

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, checklists, etc.

© OMRON, 2012

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 permission of
OMRON.

No patent liability is assumed with respect to the use of the information contained herein. Moreover, because OMRON is con-
stantly 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 information contained in
this publication.



Unit Versions of CP-series CPU Units

Unit Versions A “unit version” has been introduced to manage CPU Units in the CP Series
according to differences in functionality accompanying Unit upgrades.
Notation of Unit Versions The unit version is given to the right of the lot number on the nameplate of the
on Products products for which unit versions are being managed, as shown below.
Product nameplate s CP-series CPU Unit
omron CP1L-EM40DR-D )
W 4
CPU UNIT SR
—d
,,gl" < T
oy ©0oo0o00o
][ saeses || sssese
Lot No. 01312M / e e ?
ot No S /,' e =T R e | gﬂ
OMRON/g"rporation MADE IN CHINA | / —
/ Unit versio:w (Examplei for Unit version 1.0)
Lot No.
Confirming Unit Versions CX-Programmer version 9.4 or higher can be used to confirm the unit version
with Support Software of the CP1L-EL/EM CPU Unit.

Note CX-Programmer version 9.3 or lower cannot be used to confirm unit versions
for CP1L-EL/EM CPU Units.

H Confirmation Procedure

Procedure When the Device Type and CPU Type Are Known
1,2,3... 1. Set the Device Type Field in the Change PLC Dialog Box to CP1L-E.

Change PLC x|

— Device Mame
|MewPLCT

— Device Type

|cPiLE | Settings..|

~NCPM1[CPR14]

EEH%“-S“ Settings. ..
COMT =
COMIH

C510-H

{CS1D-5 =

_ Setings.._ |
=
] I Cancel Help |
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2. Click the Settings Button by the Device Type Field and, when the Device
Type Settings Dialog Box is displayed, set the CPU Type Field to EL or EM.

Device Type Settings [CP1L-E] x|

General |
— CPU Type
EM |

—|EL |
B T_

[10K [Step] =] T FeadOnly
— Expanzion kermaon

INu:une j ™| Fead Ol
— File b emony

INu:une j ™| Fead Ol
— Timer & Clock

¥ |nstalled

b ake Default |
(] I Cancel | Help

3. Go online and select PLC - Edit - Information.
(Refer to 5-1 Connecting the CX-Programmer)

ntitled - CX-Programmer - [[Stopped] - NewPLC1.MNewProgram1.Sectionl [Diagram]]
File Edit Wiew Insert | PLC Program Simulation Tools ‘Window Help

0O B”EI|B@|§E@:_VUT:§;:T: ke }|g,?.53|® 2R |[ale®|® (L DR eS|

a A A EE At i FEEIEEEE

DRFAROE e k| E2s s asranpuen||loas
Compile all PLC Programs F7 & : MewwProgram]

= §§ MewPraject Pragram Check Options. ..

- NewPLCI[CPIL-E] : Section]
——

=1 Symbals Program Assianments
Settings Memary Allocation 3 i
-ty Errar lag ;
PLC Clack Ty 4
i Memory Partial Transfer (3
El% Programs Prokection 3
E‘@ MewProgrs Clear All Memory Areas
<5 Symba
i @ Sectior Informaticon
o @ EMND Change Model ﬂ" I/ Table and Unit Setup

""" TF Function Blocks Change Communication Settings Settings

[Ed|Memory. Card
Memory Cassetke/DM
Reset CP1L Built-in Ethernet Port
Force -
Error Log
Set »
% Ezpansion Instructions
St Memary
Clock

Cyele Time

Lt Data Trace,..
Tirne Chart Monitaring. ..

Synchronous Gperation Status

The PLC Information Dialog Box will be displayed.



x4
Project PLE type: CPILE EM

r— Actual Characteristic:

Type: CPIL-E EM

Uit er.: 1.0

Frogram memary: 11264 Steps
Uzeable: 10646 Steps
Fratected: Mo

Memory type:

File/memory card: Mo

[rata memory: 32768 Wwiords
Extension: 1] Kiwiords

EM banks: 1]
Bark size: - Wwiords

10 memary: 115 Kiwfords

Timer/counters: a Kiwiords

— Manufacturing D etail

Revision o

PCE Revision IE

Software Revision  CC 3

Lat Mumber 111215

M anufacturing _

Serial Mumber _

Use the above display to confirm the unit version of the CPU Unit.

Procedure When the Device Type and CPU Type Are Not Known
This procedure is possible only when connected directly to the CPU Unit with
a serial connection.

If you don't know the device type and CPU type that are connected directly to
the CPU Unit on a serial line, select PLC - Auto Online to go online, and then
select PLC - Edit - Information from the menus.

The PLC Information Dialog Box will be displayed and can be used to confirm

the unit version of the CPU Unit.

x|
Project PLC type: CPILE EM

r— Actual Characteristic

Type: CPIL-E EM

Uit er.: 1.0

Frogram memary: 11264 Steps
Uzeable: 10646 Steps
Fratected: Mo

Memory type:

File/memory card: Mo

[rata memory: 32768 Wwiords
Extension: 1] Kiwiords

EM banks: 1]
Bark size: - Wwiords

10 memory: 1.5 Kiwiords

Timer/counters: a Kiwiords

r— Manufacturing [etail

Revision o

PCE Revision IE

Software Revision  CC 3

Lat Mumber 111215

M anufacturing _

Serial Mumber _




Using the Unit Version The following unit version labels are provided with the CPU Unit.
Labels

[ ver. 1.0 ] [ Ver.

—

[ ver. 1.0 ] [ Ver.

—

N=23rv7yFIc&da=y b+
DEBMEDERZEET 5120
DIRILTY,

BHEICIEL T, HaORTHEICAEY
FHFTIERCESL,

These Labelscanbe used
tomanage differences
inthe available
functionsamongthe Units.
Placethe appropriate label
onthefrontofthe Unitto
showwhat Unit
versionisactually being
used.

These labels can be attached to the front of previous CPU Units to differenti-
ate between CPU Units of different unit versions.
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About this Manual:

This manual describes installation and operation of the CP-series Programmable Controllers (PLCs)
and includes the sections described below. The CP Series provides advanced package-type PLCs
based on OMRON’s advanced control technologies and vast experience in automated control.

Please read this manual carefully and be sure you understand the information provided before

attempting to install or operate a CP-series PLC. Be sure to read the precautions provided in the fol-
lowing section.

Definition of the CP Series

The CP Series is centered around the CP1H and CP1L CPU Units and is designed with the same
basic architecture as the CS and CJ Series. Always use CP-series Expansion Units and CP-series
Expansion 1/0 Units when expanding I/O capacity.

I/O words are allocated in the same way as the CPM1A/CPM2A PLCs, i.e., using fixed areas for inputs
and outputs.

CS/CJ/CP Series

cs1#CU Uns Q011 0PY Unie

CS1H-CPULICIH CJ1H-CPULICH CP1H-X40D[J-[]
CS1G-CPULILH CJ1G-CPULILH
CJ1G -CPULILIP

(Loop CPU Unit)
CS1 CPU Units \_
CS1H-CPULI (V1)

. ‘ CP-series Expansion I/0O Units
CS1G-CPULIT] (V1) CJ1M CPU Unit

- CJ1M-CPULI] ‘ CP-series Expansion Units

CS1D CPU Units ‘ CJ-series Special /O Units
ng.i’fgﬁuus";';;‘,’,’. GJ1 CPU Unit ‘ CJ-series CPU Bus Units

CJ1G-CPULIO
/‘ CP1L CPU Unit

CP1L-J14D[-]
CP1L-J20D[-[]

CP1L-L14D-]
C81D-CPUTITIP CP1L-L20D(-0]
%/ CP1L-M30DC -]
CP1L-M40D[-[]

‘ CP1L-M60D[ -]

CP1H-XA40D0-[]
CP1H-Y20DT-D

CS1D CPU Units for
Single-CPU System

‘CS-series Basic I/0 Units

CP1L-EL20DLI-D

‘ CP-series Expansion /O Units ‘
Note: Products specifically for the CS1D

i ired t 1D . .
ggrbeﬁi;z_requ'red o use CS ‘ CJ-series Power Supply Units

‘Cs-series Special I/0 Units ‘ ‘ CJ-series Basic I/0 Units ‘ CP1L-EM30D[I]-D
CP1L-EM40D[]-D

‘Cs-series CPU Bus Units ‘ ‘ CJ-series Special I/0 Units ‘

CS-series Power Supply Units ‘ CJ-series CPU Bus Units ‘

‘ CP-series Expansion Units ‘

XV



Xvi

Precautions provides general precautions for using the Programmable Controller and related devices.

Section 1 introduces the features of the CP1L-EL/EM and describes its configuration. It also describes
the Units that are available and connection methods for Programming Devices and other peripheral
devices.

Section 2 describes the names and functions of CP1L-EL/EM parts and provides CP1L-EL/EM speci-
fications.

Section 3 describes how to install and wire the CP1L-EL/EM.
Section 4 describes the structure and functions of the I/O Memory Areas and Parameter Areas.

Section 5 describes the methods for CX-Programmer connection, the processes used to transfer the
program to the CPU Unit and the functions that can be used to test and debug the program.

Section 6 gives an outline of the built-in Ethernet function, explains its specification and how to make
the settings required for operation.

Section 7 describes the CP1L-EL/EM’s interrupt and high-speed counter functions.

Section 8 describes all of the advanced functions of the CP1L-EL/EM that can be used to achieve
specific application needs.

Section 9 describes how to use CP-series Expansion Units and Expansion I/O Units.
Section 10 describes how to use Analog Input/Output Option Board.

Section 11 gives an outline of the LCD Option Board, explains how to install and remove the LCD
Option Board, and describes the functions including how to monitor and make settings for the PLC. It
also lists the errors during operation and provides probable causes and countermeasures for trouble-
shooting.

Section 12 provides information on hardware and software errors that occur during CP1L-EL/EM
operation.

Section 13 provides inspection and maintenance information.

Appendices provide product lists, dimensions, tables of Auxiliary Area allocations, and a memory
map.



Related Manuals

The following manuals are used for the CP1L-EL/EM CPU Units. Refer to these manuals as required.

Cat. No. Model numbers Manual hame Description
W516 CP1L-EL20DLI-[] SYSMAC CP Series | Provides the following information on the CP Series:
CP1L-EM30DL-LJ CP1L-EL/EM CPU * Overview, design, installation, maintenance, and
CP1L-EM40DLI-[] Unit Operation Man- | iher basic specifications
ual (this manual) « Features
* System configuration
* Mounting and wiring
¢ /O memory allocation
* Troubleshooting
Use this manual together with the CP1L Program-
mable Controllers Programming Manual (W451).
W451 CP1H-X40DUI-[] SYSMAC CP Series | Provides the following information on programming
CP1H-XA40D[-[] CP1H /CP1L CPU the CP Series:
CP1H-Y20DT-D Unit Programming « Programming methods
CP1L-L10DLI-] Manual « Tasks
CP1L-L14DLI-[] P ;
CP1L-L20D[ -] * Programming instructions
CP1L-M30DI-[]
CP1L-M40D0[I-]
CP1L-Me0DU-L]
W461 CP1L-L10DLI-] SYSMAC CP Series | Describes basic setup methods of CP1L PLCs:
gE} tt;ggg% (cj:P1tL CIT/IU U”'It Intro- | « Basic configuration and component names
- - uction Manua . iy
CP1L-M30D[-[] * Mounting a.md wiring . .
CP1L-M40D-[] * Programming, data transfer, and debugging using
CP1L-M60D[-[] the CX-Programmer
* Application program examples
W446 CXONE-ALLICIC-V4 SYSMAC CX-Pro- Provides information on how to use the CX-Pro-
CXONE-ALLILID-v4 grammer Operation | grammer for all functionality except for function
Manual blocks.
w447 CXONE-ALLILIC-V4 CX-Programmer Explains how to use the CX-Programmer software's
CXONE-ALLICID-v4 Operation Manual function block and structured text functions. For
Function Blocks/ explanations of other shared CX-Programmer func-
Structured Text tions, refer to the CX-Programmer Operation Man-
ual (W446).
W463 CXONE-ALLICIC-V4 CX-One Setup Man- | Installation and overview of CX-One FA Integrated
CXONE-ALLILID-V4 ual Tool Package.
W464 CXONE-ALLILIC-V4 CX-Integrator Opera- | Describes CX-Integrator operating methods, e.g.,
CXONE-ALLILID-V4 tion Manual for setting up and monitoring networks.
W344 WS02-PSTC1-E CX-Protocol Opera- | Provides operating procedures for creating protocol
tion Manual macros (i.e., communications sequences) with the
CX-Protocol and other information on protocol mac-
ros.
The CX-Protocol is required to create protocol mac-
ros for user-specific serial communications or to
customize the standard system protocols.
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Cat. No. Model numbers Manual name Description
W342 CS1G/H-CPULILH SYSMAC CS/CJ/CP/ | Describes commands addressed to CS-series, CJ-
CS1G/H-CPULILI-V1 NSJ-series Communi- | series, and CP-series CPU Units, including C-mode
CS1D-CPULILH cations Commands commands and FINS commands.
CS1D-CPULILIS Reference Manual Note This manual describes on commands
CS1W-SCULIL-V1 address to CPU Units regardless of the com-
CS1W-SCBLIL-V1 munications path. (CPU Unit serial ports,
g‘“ g/ '8'PCPUDPDH Serial Communications Unit/Board ports, and
Cj] M:CPH%% Communications Unit ports can be used.)
Refer to the relevant operation manuals for
gJ1\C/5V-(éEUDD v information on commands addresses to Spe-
JIW-SCULILIVA cial /O Units and CPU Bus Units.
W420 CS1W-ETN21 Ethernet Units Opera- | Provides information on operating and installing
CJ1W-ETN21 tion Manual Construc- | 100Base-TX Ethernet Units, including details on
tion of Networks basic settings and FINS communications.
Refer to the Communications Commands Refer-
ence Manual (W342) for details on FINS commands
that can be sent to CS-series and CJ-series CPU
Units when using the FINS communications ser-
vice.
w421 CS1W-ETN21 Ethernet Units Opera- | Provides information on constructing host applica-
CJ1W-ETN21 tion Manual Construc- | tions for 100Base-TX Ethernet Units, including func-

tion of Applications

tions for sending/receiving mail, socket service,
automatic clock adjustment, FTP server functions,
and FINS communications.




Terms and Conditions Agreement

Warranty and Limitations of Liability

WARRANTIES

e Exclusive Warranty

Omron’s exclusive warranty is that the Products will be free from defects in materials and workmanship
for a period of twelve months from the date of sale by Omron (or such other period expressed in writing by
Omron). Omron disclaims all other warranties, express or implied.

¢ Limitations

OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, ABOUT NON-
INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF THE
PRODUCTS. BUYER ACKNOWLEDGES THAT IT ALONE HAS DETERMINED THAT THE PRODUCTS
WILL SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE.

Omron further disclaims all warranties and responsibility of any type for claims or expenses based on
infringement by the Products or otherwise of any intellectual property right.

¢ Buyer Remedy

Omron’s sole obligation hereunder shall be, at Omron’s election, to (i) replace (in the form originally
shipped with Buyer responsible for labor charges for removal or replacement thereof) the non-complying
Product, (ii) repair the non-complying Product, or (iii) repay or credit Buyer an amount equal to the
purchase price of the non-complying Product; provided that in no event shall Omron be responsible for
warranty, repair, indemnity or any other claims or expenses regarding the Products unless Omron’s
analysis confirms that the Products were properly handled, stored, installed and maintained and not
subject to contamination, abuse, misuse or inappropriate modification. Return of any Products by Buyer
must be approved in writing by Omron before shipment. Omron Companies shall not be liable for the
suitability or unsuitability or the results from the use of Products in combination with any electrical or
electronic components, circuits, system assemblies or any other materials or substances or
environments. Any advice, recommendations or information given orally or in writing, are not to be
construed as an amendment or addition to the above warranty.

See http://www.omron.com/global/ or contact your Omron representative for published information.

LIMITATION ON LIABILITY; ETC

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN ANY
WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS BASED IN CONTRACT,
WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

Further, in no event shall liability of Omron Companies exceed the individual price of the Product on which
liability is asserted.

Xix



Application Considerations

SUITABILITY OF USE

Omron Companies shall not be responsible for conformity with any standards, codes or regulations which
apply to the combination of the Product in the Buyer’s application or use of the Product. At Buyer’s request,
Omron will provide applicable third party certification documents identifying ratings and limitations of use
which apply to the Product. This information by itself is not sufficient for a complete determination of the
suitability of the Product in combination with the end product, machine, system, or other application or use.
Buyer shall be solely responsible for determining appropriateness of the particular Product with respect to
Buyer’s application, product or system. Buyer shall take application responsibility in all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE HAS BEEN DESIGNED TO
ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS PROPERLY RATED AND INSTALLED
FOR THE INTENDED USE WITHIN THE OVERALL EQUIPMENT OR SYSTEM.

PROGRAMMABLE PRODUCTS

Omron Companies shall not be responsible for the user’s programming of a programmable Product, or any
consequence thereof.

XX




Disclaimers

PERFORMANCE DATA

Data presented in Omron Company websites, catalogs and other materials is provided as a guide for the
user in determining suitability and does not constitute a warranty. It may represent the result of Omron’s test
conditions, and the user must correlate it to actual application requirements. Actual performance is subject
to the Omron’s Warranty and Limitations of Liability.

CHANGE IN SPECIFICATIONS

Product specifications and accessories may be changed at any time based on improvements and other
reasons. It is our practice to change part numbers when published ratings or features are changed, or when
significant construction changes are made. However, some specifications of the Product may be changed
without any notice. When in doubt, special part numbers may be assigned to fix or establish key
specifications for your application. Please consult with your Omron’s representative at any time to confirm
actual specifications of purchased Product.

ERRORS AND OMISSIONS

Information presented by Omron Companies has been checked and is believed to be accurate; however, no
responsibility is assumed for clerical, typographical or proofreading errors or omissions.
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PRECAUTIONS

This section provides general precautions for using the CP-series Programmable Controllers (PLCs) and related devices.

The information contained in this section is important for the safe and reliable application of Programmable Controllers.
You must read this section and understand the information contained before attempting to set up or operate a PLC system.
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Intended Audience

This manual is intended for the following personnel, who must also have
knowledge of electrical systems (an electrical engineer or the equivalent).

* Personnel in charge of installing FA systems.
* Personnel in charge of designing FA systems.
* Personnel in charge of managing FA systems and facilities.

General Precautions

/\WARNING

The user must operate the product according to the performance specifica-
tions described in the operation manuals.

Before using the product under conditions which are not described in the
manual or applying the product to nuclear control systems, railroad systems,
aviation systems, vehicles, combustion systems, medical equipment, amuse-
ment machines, safety equipment, and other systems, machines, and equip-
ment that may have a serious influence on lives and property if used
improperly, consult your OMRON representative.

Make sure that the ratings and performance characteristics of the product are
sufficient for the systems, machines, and equipment, and be sure to provide
the systems, machines, and equipment with double safety mechanisms.

This manual provides information for programming and operating the Unit. Be
sure to read this manual before attempting to use the Unit and keep this man-
ual close at hand for reference during operation.

It is extremely important that a PLC and all PLC Units be used for the speci-
fied purpose and under the specified conditions, especially in applications that
can directly or indirectly affect human life. You must consult with your OMRON
representative before applying a PLC System to the above-mentioned appli-
cations.

Safety Precautions

/\WARNING

/\WARNING

/\WARNING

/N\WARNING

Do not attempt to take any Unit apart while the power is being supplied. Doing
so may result in electric shock.

Do not touch any of the terminals or terminal blocks while the power is being
supplied. Doing so may result in electric shock.

Do not attempt to disassemble, repair, or modify any Units. Any attempt to do
so may result in malfunction, fire, or electric shock.

Provide safety measures in external circuits (i.e., not in the Programmable
Controller), including the following items, to ensure safety in the system if an
abnormality occurs due to malfunction of the PLC or another external factor
affecting the PLC operation. Not doing so may result in serious accidents.

* Emergency stop circuits, interlock circuits, limit circuits, and similar safety
measures must be provided in external control circuits.
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/\WARNING

/\WARNING
&Caution

&Caution

/\ Caution

/\ Caution

/\ Caution

/\ Caution

* The PLC will turn OFF all outputs when its self-diagnosis function detects
any error or when a severe failure alarm (FALS) instruction is executed.
Unexpected operation, however, may still occur for errors in the 1/O control
section, errors in 1/O memory, and errors that cannot be detected by the
self-diagnosis function. As a countermeasure for all these errors, external
safety measures must be provided to ensure safety in the system.

* The PLC or outputs may remain ON or OFF due to deposits on or burning
of the output relays, or destruction of the output transistors. As a counter-
measure for such problems, external safety measures must be provided
to ensure safety in the system.

When the 24-V DC output (service power supply to the PLC) is over-
loaded or short-circuited, the voltage may drop and result in the outputs
being turned OFF. As a countermeasure for such problems, external
safety measures must be provided to ensure safety in the system.

Fail-safe measures must be taken by the customer to ensure safety in the
event of incorrect, missing, or abnormal signals caused by broken signal lines,
momentary power interruptions, or other causes. Not doing so may result in
serious accidents.

Do not apply the voltage/current outside the specified range to this unit. It may
cause a malfunction or fire.

Execute online edit only after confirming that no adverse effects will be caused
by extending the cycle time. Otherwise, the input signals may not be readable.

Confirm safety at the destination node before transferring a program to
another node or editing the 1/O area. Doing either of these without confirming
safety may result in injury.

Tighten the screws on the terminal block of the AC power supply to the torque
specified in this manual. The loose screws may result in burning or malfunction.

Do not touch anywhere near the power supply parts or I/0 terminals while the
power is ON, and immediately after turning OFF the power. The hot surface
may cause burn injury.

Pay careful attention to the polarities (+/-) when wiring the DC power supply. A
wrong connection may cause malfunction of the system.

When connecting the PLC to a computer or other peripheral device, either
ground the 0 V side of the external power supply or do not ground the external
power supply at all. Otherwise the external power supply may be shorted
depending on the connection methods of the peripheral device. DO NOT ground
the 24 V side of the external power supply, as shown in the following diagram.

24V Non-insulated DC power supply
[ Twisted-pair
cable
T ov ov
VA V) G S
FG T—
CPU Unit FG Peripheral device FG
4 4
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&Caution

/\ Caution

After programming (or reprogramming) using the IOWR instruction, confirm
that correct operation is possible with the new ladder program and data before
starting actual operation. Any irregularities may cause the product to stop
operating, resulting in unexpected operation in machinery or equipment.

The CP1L-EL/EM CPU Units automatically back up the user program and
parameter data to flash memory when these are written to the CPU Unit. I/O
memory (including the DM Area, counter present values and Completion
Flags, and HR Area), however, is not written to flash memory. The DM Area,
counter present values and Completion Flags, and HR Area can be held dur-
ing power interruptions with a battery. If there is a battery error, the contents of
these areas may not be accurate after a power interruption. If the contents of
the DM Area, counter present values and Completion Flags, and HR Area are
used to control external outputs, prevent inappropriate outputs from being
made whenever the Battery Error Flag (A402.04) is ON.

Operating Environment Precautions

&Caution

&Caution

/\ Caution

/\ Caution

Do not operate and keep the control system in the following locations:

* Locations subject to direct sunlight.

 Locations subject to temperatures or humidity outside the range specified
in the specifications.

* Locations subject to condensation as the result of severe changes in tem-
perature.

* Locations subject to corrosive or flammable gases.

* Locations subject to dust (especially iron dust) or salts.
 Locations subject to exposure to water, oil, or chemicals.
* Locations subject to shock or vibration.

e Locations subject to direct rain fall.

* Locations subject to direct strong UV.

Take appropriate and sufficient countermeasures when installing systems in
the following locations:

* Locations subject to static electricity or other forms of noise.
* Locations subject to strong electromagnetic fields.

* Locations subject to possible exposure to radioactivity.

* Locations close to power supplies.

The operating environment of the PLC System can have a large effect on the
longevity and reliability of the system. Improper operating environments can
lead to malfunction, failure, and other unforeseeable problems with the PLC
System. Make sure that the operating environment is within the specified con-
ditions at installation and remains within the specified conditions during the
life of the system.

Please fit it as foreign matter such as chips or wiring rubbish inside the unit. It
becomes a cause of damage by fire, failure and malfunction. Especially during
construction, please take measures.
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5 Application Precautions

Observe the following precautions when using the PLC System.

AWARNING Always heed these precautions. Failure to abide by the following precautions
could lead to serious or possibly fatal injury.

* Always connect to 100 Q or less when installing the Units. Not connecting
to a ground of 100 Q or less may result in electric shock.

* Always turn OFF the power supply to the PLC before attempting any of
the following. Not turning OFF the power supply may result in malfunction
or electric shock.

* Mounting or dismounting Expansion Units or any other Units

* Connecting or removing the Memory Cassette or Option Board
* Setting DIP switches or rotary switches

» Connecting or wiring the cables

» Connecting or disconnecting the connectors

&Caution Failure to abide by the following precautions could lead to faulty operation of
the PLC or the system, or could damage the PLC or PLC Units. Always heed
these precautions.

* When unpacking the Unit, check carefully for any external scratches or
other damages. Also, shake the Unit gently and check for any abnormal
sound.

¢ Install external breakers and take other safety measures against short-cir-
cuiting in external wiring. Insufficient safety measures against short-cir-
cuiting may result in burning.

* Mount the Unit only after checking the connectors and terminal blocks
completely.

* Be sure that all the terminal screws and cable connector screws are tight-
ened to the torque specified in the relevant manuals. Incorrect tightening
torque may result in malfunction.

* Wire all connections correctly according to instructions in this manual.
* Keep the wire cuttings out of the Unit when wiring.

* Always use the power supply voltage specified in the operation manuals.
An incorrect voltage may result in malfunction or burning.

» Take appropriate measures to ensure that the specified power with the
rated voltage and frequency is supplied. Be particularly careful in places
where the power supply is unstable. An incorrect power supply may result
in malfunction.

* Leave the label attached to the Unit when wiring. Removing the label may
result in malfunction.

* Remove the label after the completion of wiring to ensure proper heat dis-
sipation. Leaving the label attached may result in malfunction.

e Use crimp terminals for wiring. Do not connect bare stranded wires
directly to terminals. Connection of bare stranded wires may result in
burning.

* Do not apply voltages to the input terminals in excess of the rated input
voltage. Excess voltages may result in burning.
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* Do not apply voltages or connect loads to the output terminals in excess
of the maximum switching capacity. Excess voltage or loads may result in
burning.

* Be sure that the terminal blocks, connectors, Option Boards, and other
items with locking devices are properly locked into place. Improper locking
may result in malfunction.

* Disconnect the functional ground terminal when performing withstand
voltage tests. Not disconnecting the functional ground terminal may result
in burning.

* Wire correctly and double-check all the wiring or the setting switches
before turning ON the power supply. Incorrect wiring may result in burn-
ing.

* Check that the DIP switches and data memory (DM) are properly set
before starting operation.

» Check the user program for proper execution before actually running it on
the Unit. Not checking the program may result in an unexpected opera-
tion.

* Resume operation only after transferring to the new CPU Unit the con-
tents of the DM, HR, and CNT Areas required for resuming operation. Not
doing so may result in an unexpected operation.

* Confirm that no adverse effect will occur in the system before attempting
any of the following. Not doing so may result in an unexpected operation.

* Changing the operating mode of the PLC (including the setting of the
startup operating mode).

* Force-setting/force-resetting any bit in memory.
* Changing the present value of any word or any set value in memory.

* Do not pull on the cables or bend the cables beyond their natural limit.
Doing either of these may break the cables.

* Do not place objects on top of the cables. Doing so may break the cables.

* When replacing parts, be sure to confirm that the rating of a new part is
correct. Not doing so may result in malfunction or burning.

* Before touching the Unit, be sure to first touch a grounded metallic object
in order to discharge any static buildup. Not doing so may result in mal-
function or damage.

¢ Install the Unit properly as specified in the operation manual. Improper
installation of the Unit may result in malfunction.

* Do not touch the Expansion 1/0O Unit Connecting Cable while the power is
being supplied in order to prevent malfunction due to static electricity.

* Do not turn OFF the power supply to the Unit while data is being trans-
ferred.

* When transporting or storing the product, cover the PCBs and the Units or
put there in the antistatic bag with electrically conductive materials to pre-
vent LSIs and ICs from being damaged by static electricity, and also keep
the product within the specified storage temperature range.

* Do not touch the mounted parts or the rear surface of PCBs because
PCBs have sharp edges such as electrical leads.

* Double-check the pin numbers when assembling and wiring the connectors.
* Wire correctly according to specified procedures.
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* Do not connect pin 6 (+5V) on the RS-232C Option Board (CP1W-CIF01)
on the CPU Unit to any external device other than the NT-ALOO1 or
CJ1W-CIF11 Conversion Adapter. The external device and the CPU Unit
may be damaged.

Use the dedicated connecting cables specified in this manual to connect
the Units. Using commercially available RS-232C computer cables may
cause failures in external devices or the CPU Unit.

The user program and parameter area data in the CPU Unit is backed up
in the built-in flash memory. The BKUP indicator will light on the front of
the CPU Unit when the backup operation is in progress. Do not turn OFF
the power supply to the CPU Unit when the BKUP indicator is lit. The data
will not be backed up if power is turned OFF.

Do not turn OFF the power supply to the PLC while the Memory Cassette
is being written. Doing so may corrupt the data in the Memory Cassette.
The BKUP indicator will light while the Memory Cassette is being written.
Wait for the BKUP indicator to go out before turning OFF the power sup-
ply to the PLC.

Before replacing the battery, supply power to the CPU Unit for at least 5
minutes and then complete battery replacement within 5 minutes of turn
OFF the power supply. Memory data may be corrupted if this precaution is
not observed.

Always use the following size wire when connecting I/O terminals:
AWG22 to AWG18 (0.32 to 0.82 mm?).

Dispose of the product and batteries according to local ordinances as

they apply.
Have qualified specialists properly dispose of used batteries as industrial
waste.

&3

AR

UL standards required that batteries be replaced only by experienced
technicians. Do not allow unqualified persons to replace batteries. Also,
always follow the replacement procedure provided in the manual.

Never short-circuit the positive and negative terminals of a battery or
charge, disassemble, heat, or incinerate the battery. Do not subject the
battery to strong shocks or deform the barry by applying pressure. Doing
any of these may result in leakage, rupture, heat generation, or ignition of
the battery. Dispose of any battery that has been dropped on the floor or
otherwise subjected to excessive shock. Batteries that have been sub-
jected to shock may leak if they are used.

Always construct external circuits so that the power to the PLC it turned
ON before the power to the control system is turned ON. If the PLC power
supply is turned ON after the control power supply, temporary errors may
result in control system signals because the output terminals on DC Out-
put Units and other Units will momentarily turn ON when power is turned
ON to the PLC.

* Fail-safe measures must be taken by the customer to ensure safety in the
event that outputs from Output Units remain ON as a result of internal cir-
cuit failures, which can occur in relays, transistors, and other elements.
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e If the 1/0 Hold Bit is turned ON, the outputs from the PLC will not be
turned OFF and will maintain their previous status when the PLC is
switched from RUN or MONITOR mode to PROGRAM mode. Make sure
that the external loads will not produce dangerous conditions when this
occurs. (When operation stops for a fatal error, including those produced
with the FALS(007) instruction, all outputs from Output Unit will be turned
OFF and only the internal output status will be maintained.)

6 Conformance to EC Directives

6-1 Applicable Directives

* EMC Directives
* Low Voltage Directive

6

2 Concepts

EMC Directives

OMRON devices that comply with EC Directives also conform to the related
EMC standards so that they can be more easily built into other devices or the
overall machine. The actual products have been checked for conformity to
EMC standards (see the following note). Whether the products conform to the
standards in the system used by the customer, however, must be checked by
the customer.

EMC-related performance of the OMRON devices that comply with EC Direc-
tives will vary depending on the configuration, wiring, and other conditions of
the equipment or control panel on which the OMRON devices are installed.
The customer must, therefore, perform the final check to confirm that devices
and the overall machine conform to EMC standards.

Note  The applicable EMC (Electromagnetic Compatibility) standard is EN61131-2.

Low Voltage Directive
Always ensure that devices operating at voltages of 50 to 1,000 V AC and 75

to 1,500 V DC meet the required safety standards for the PLC (EN61131-2).

6-3 Conformance to EC Directives

The CP1L-EL/EM PLCs comply with EC Directives. To ensure that the
machine or device in which the CP1L-EL/EM PLC is used complies with EC
Directives, the PLC must be installed as follows:

1,2,3... 1. The CP1L-EL/EM PLC must be installed within a control panel.

2. You must use reinforced insulation or double insulation for the DC power
supplies used for I/O Units and CPU Units requiring DC power. The output
holding time must be 10 ms minimum for the DC power supply connected
to the power supply terminals on Units requiring DC power.

3. CPI1L-EL/EM PLCs complying with EC Directives also conform to
EN61131-2. Radiated emission characteristics (10-m regulations) may
vary depending on the configuration of the control panel used, other devic-
es connected to the control panel, wiring, and other conditions. You must
therefore confirm that the overall machine or equipment complies with EC
Directives.

XXX
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6-4 Relay Output Noise Reduction Methods

Countermeasures

Note

The CP1L-EL/EM PLCs conforms to the Common Emission Standards
(EN61131-2) of the EMC Directives. However, noise generated by relay out-
put switching may not satisfy these Standards. In such a case, a noise filter
must be connected to the load side or other appropriate countermeasures
must be provided external to the PLC.

Countermeasures taken to satisfy the standards vary depending on the
devices on the load side, wiring, configuration of machines, etc. Following are
examples of countermeasures for reducing the generated noise.

Countermeasures are not required if the frequency of load switching for the
whole system with the PLC included is less than 5 times per minute.

Countermeasures are required if the frequency of load switching for the whole
system with the PLC included is more than 5 times per minute.

Refer to EN61131-2 for more details.

Countermeasure Examples

When switching an inductive load, connect an surge protector, diodes, etc., in
parallel with the load or contact as shown below.

Circuit Current Characteristic Required element
AC DC
Yes Yes If the load is a relay or solenoid, there is | The capacitance of the capacitor must
CR method . .
— atime lag between the moment the cir- | pe 1 to 0.5 [AF per contact current of
e cuitis opened and the moment the load | 1 A and resistance of the resistor must
! < is reset. be 0.5to 1 Q per contact voltage of 1 V.
@ . If the supply voltage is 24 or 48 V, insert | These values, however, vary with the
. 28 the surge protector in parallel with the |load and the characteristics of the

load. If the supply voltage is 100 to relay. Decide these values from experi-
200 V, insert the surge protector ments, and take into consideration that
between the contacts. the capacitance suppresses spark dis-

charge when the contacts are sepa-
rated and the resistance limits the
current that flows into the load when
the circuit is closed again.

The dielectric strength of the capacitor
must be 200 to 300 V. If the circuit is an
AC circuit, use a capacitor with no
polarity.

Diode met_hod

Inductive
load

No

Yes | The diode connected in parallel with The reversed dielectric strength value

the load changes energy accumulated | of the diode must be at least 10 times
by the coil into a current, which then as large as the circuit voltage value.
flows into the coil so that the current will | The forward current of the diode must
be converted into Joule heat by the be the same as or larger than the load
resistance of the inductive load. current.

This time lag, between the moment the | The reversed dielectric strength value
circuit is opened and the moment the | of the diode may be two to three times
load is reset, caused by this method is | larger than the supply voltage if the
longer than that caused by the CR surge protector is applied to electronic
method. circuits with low circuit voltages.
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Circuit Current Characteristic Required element
AC DC
Yes Yes The varistor method prevents the impo- | ---

Varistor method

Inductive
load

sition of high voltage between the con-
tacts by using the constant voltage
characteristic of the varistor. There is
time lag between the moment the cir-
cuit is opened and the moment the load
is reset.

If the supply voltage is 24 or 48 V, insert
the varistor in parallel with the load. If
the supply voltage is 100 to 200V,
insert the varistor between the con-
tacts.

When switching a load with a high inrush current such as an incandescent
lamp, suppress the inrush current as shown below.

Countermeasure 1 Countermeasure 2
R
ouT N ouT N
R
COM COM

Providing a dark current of
approx. one-third of the rated
value through an incandescent
lamp

Providing a limiting resistor

6-5 Conditions for Meeting EMC Directives when Using CP-series
Relay Expansion I/O Units

EN61131-2 immunity testing conditions when using the CP1W-40EDR,
CP1W-32ER, or CP1W-16ER with a CP1W-CN811 I/O Connecting Cable are
given below.

Recommended Ferrite Core

Ferrite Core (Data Line Filter): 0443-164151 manufactured by Nisshin Electric
Minimum impedance: 90 Q at 25 MHz, 160 Q at 100 MHz

[ RN

! 32 ! ! 33 !

Recommended Connection Method

xxxii
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2. Connection Method
As shown below, connect a ferrite core to each end of the CP1W-CN811
I/O Connecting Cable.

Software Licenses and Copyrights

This product incorporates certain third party software. The license and copy-
right information associated with this software is shown at the following.

Copyright (c) 2001-2004 Swedish Institute of Computer Science.
All rights reserved.

Redistribution and use in source and binary forms, with or without modifica-
tion, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation and /
or other materials provided with the distribution.

3. The name of the author may not be used to endorse or promote products
derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR “AS IS” AND ANY
EXPRESS OR IMPLIEDWARRANTIES, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPE-
CIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SER-
VICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.

xxxiii
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SECTION 1
Features and System Configuration

This section introduces the features of the CP1L-EL/EM and describes its configuration. It also describes the Units that are
available and connection methods for the CX-Programmer and other peripheral devices.
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1-1-1

Features and Main Functions
CP1L-EL/EM Overview

The SYSMAC CP1L-EL/EM PLCs are the low end PLCs in the SYSMAC CP
Series of package-type Programmable Controllers. They have the same program
and /O capacity as the CP1L PLCs, but offer a built-in Ethernet port and indepen-

dent FB capacity.

Type

EM CPU Units EL CPU Units

Model

CP1L-EM40DR-D
CP1L-EM40DT-D
CP1L-EM40DT1-D

CP1L-EM30DR-D
CP1L-EM30DT-D
CP1L-EM30DT1-D

CP1L-EL20DR-D
CP1L-EL20DT-D
CP1L-EL20DT1-D

Power supply

24V DC

Program capacity(See note 3.) 10K steps | 5K steps
FB capacity 10K steps
DM Area capacity 32K words 10K words
Maximum number of 1/O points 160 (See note 1.) 150 (See note 1.) 60 (See note 2.)
Normal I/O | I/O points 40 30 20
Input points 24 18 12
Input specifications |24 VDC
Interrupt or quick- 6 max
response inputs
Output points 16 12 8
Output Relay outputs: Model numbers with “R” before the final suffix
specifications Transistor outputs, sinking: Model numbers with “T” before the final suffix

Transistor outputs, sourcing: Model numbers with “T1” before the final suffix

High-speed counter inputs

4 counters/2 axes, 100 kHz (single-phase),
100 kHz for up/down pulses or pulse plus direction, 50 kHz for differential phases

Pulse outputs

2 axes, 100 kHz (transistor outputs)

Built-in analog input

2 channels (10 bits)

Built-in Ethernet port

1

Note

(1) Three Expansion I/0 Units connected to a CP-series CPU Unit with 40 or
30 1/O Points.

(2) One Expansion I/0 Unit connected to a CP-series CPU Unit with 20 1/0
Points.

(3) The function block capacity is not included in the program capacity.

Interpreting CP1L-EL/EM CPU Unit Model Numbers

CP1L-ELILILIDC-C]

L Power supply

D:DC

Expansion capability
E: Ethernet port

Program capacity
M: 10K steps
L: 5K steps

Output classification
R: Relay outputs
T: Transistor outputs (sinking)
T1: Transistor outputs (sourcing)

Number of built-in
normal I/O points

40: 40 Input classification
30: 30 D: DC inputs
20: 20
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1-1-2 Features
This section describes the main features of the CP1L-EL/EM.
Basic CP1L-EL/EM
Configuration
CX-One CP1L-EL/EM CPU Unit (Example for model with 40 l/O points)

Power supply/input terminal block
Battery (CJ1W-BATO01)

Ethernet port
o [9)

WDIIIWIOIIGIODIWIEG QIWDISIO1G

VO0000000000000%

com | ot 03 05 0 09 1 1] 03 05 07 09 1
00 | 02 | o+ | o6 | o8 | 10 [ 00 | 02 [ 0s | 06 | 08 | 10
=] —

EXP ]|

Memory Cassette

0
-® )
MEMORY / o
il L il I i 2 o
— T pIefeTe e TolaTal |
] & Voo 17 o Teon To o T T or
Cl 4 - = IS

CP1W-MEO5M 7

Memory Cassette e
Twisted-pair \/ @
Ethernet cable Built-in analog input

Ethernet port Two Option Board slots
P P Output terminal block

Option Board
/\

Esd D)

® «][»

One RS-232C port One RS-422A/485 port CP1W-DAMO1 CP1W-ADB21/
CP1W-CIF01 RS- CP1W-CIF11/CIF12 LCD Option Board D/-\|321V/M_ABZ21
232C Option RS-422A/485 Option Analog Option
Board Board Board
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Built-in Ethernet Port With the built-in Ethernet port, it is possible to connect the CX-Programmer to

for Various Ethernet PLCs and exchange data between OMRON PLCs using Ethernet. It can also
Application create an original communications procedure using TCP/IP or UDP/IP for the

host application or communicate with PLCs from another manufacturer.

‘ (1) Connecting the CX-Programmer to the PLCs online via Ethernet ‘

/\
b [ CX-Programmer

~

(3) Configuring an independent communications protocol
for the host application using TCP/IP (UDP/IP)

Intranet
1 e Y e al
| Server Room [ Office Floor |
H i i
i i ~ - i
E < DNS server H i @, CX-Programmer ‘\‘ o Independent user E
! "~ SNTPserver ] L 1 | | application !
: o ) ] i
H i OGP PV | i
i 8 i N < i
: b FINS UDP/TCP socket i
H Ethernet r Ethernet 4 |
—{} { K t 4 r {} :
: |
1 1
i 1
1 i

(1) Connecting the CX-Programmer to
PLCs online via Ethernet

FINS message

4) Aut tically adjusting th fy (5) Auto IP
()PIPCC')Smiﬁtgi]aylzlgglf nothe ‘ communications ‘ ‘ ‘
periodically Wireless
CP1L-EL/EM CP1L-EL/EM
communications
(2) Sending and receiving data via Ethernet
between OMRON PLCs
Independent FB Comparing with CP1L series PLC, CP1L-EL/EM series PLCs have an inde-
Capacity pendent 10K steps large FB capacity. Function blocks can be used in pro-

gramming SYSMAC CP-series PLCs.
For details, refer to 7-4 Function Blocks.



Features and Main Functions

Section 1-1

Full Complement of
High-speed Counter
Functions

Full Complement of High-
speed Counter Functions

High-speed counter inputs can be used by connecting rotary encoders to the
built-in inputs. The ample number of high-speed counter inputs makes it pos-
sible to control a multi-axis device with a single PLC.

e Four 100 kHz (single phase)/50 kHz (differential phases) high-speed
counter inputs (4 counters/2 axes) are provided as a standard feature.
(See note.)

Built-in inputs
(Functions can be assigned.)

High-speed counters
(4 counters/2 axes)
100 kHz (single phase)

(O [0
A Oloje|eleeeleeeeeelee
!

©0000:0:00:0:00:0:0:0:0¢

e [ W < 228
000000000000

2®®EEEEEE R EE®

@@

Note Settings in the PLC Setup determine whether each input point is to
be used as a normal input, interrupt input, quick-response input, or
high-speed counter.

High-speed Processing for High-speed Counter Present Value (PV)
Target Values or Range Comparison Interrupts

An interrupt task can be started when the count reaches a specified value or
falls within a specified range.

High-speed Counter Input Frequency (Speed) Monitoring

The input pulse frequency can be monitored using the PRV instruction (one
point (counter 0) only, and you must select whether to use input frequency
monitoring or counter 3; you cannot use both).

High-speed Counter PV Holding/Refreshing

It is possible to toggle between holding and refreshing the high-speed counter
PV by turning ON and OFF the High-speed Counter Gate Flag from the ladder
program.
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Versatile Pulse
Control (CPU Units
with Transistor

Outputs Only)

Full Complement of Pulse
Output Functions

Positioning and speed control by a pulse-input servo driver is enabled by out-
putting fixed duty ratio pulse output signals from the CPU Unit's built-in out-
puts.

 Pulse outputs for 2 axes at 100 kHz maximum are provided as standard
features. (See note.)

Built-in outputs
(Functions assigned.)

2 pulse outputs
100 kHz

Note The instruction used to control each output point determines
whether it is used as a normal output, pulse output, or PWM output.

Select CW/CCW Pulse Outputs or Pulse Plus Direction Outputs for the
Pulse Outputs

The pulse outputs can be selected to match the pulse input specifications of
the motor driver.

Easy Positioning with Absolute Coordinate System Using Automatic
Direction Setting

For operations in an absolute coordinate system (i.e., when the origin is
established or when the PV is changed by the INI instruction), the CW/CCW
direction can be automatically set when PULSE OUTPUT instructions are
executed according to whether the specified number of output pulses is more
or less than the pulse output PV.

Triangular Control

If the amount of output pulses required for acceleration and deceleration (the
target frequency times the time to reach the target frequency) exceeds the
preset target number of output pulses during positioning (when the ACC
instruction in independent mode or the PLS2 instruction is executed), the
acceleration and deceleration will be shortened and triangular control will be
executed instead of trapezoidal control. In other words, the trapezoidal pulse
output will be eliminated, with no period of constant speed.

While positioning using a PULSE OUTPUT (PLS2) instruction is in progress,
the target position, target speed, acceleration rate, and deceleration rate can
be changed by executing another PLS2 instruction.
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Origin Searches

Input Interrupts

Note
Quick-response
Inputs

Note

Built-in Analog Input

Positioning Changes during Speed Control (Interrupt Feeding)

While speed control in continuous mode is in effect, it is possible to change to
positioning in independent mode by executing a PULSE OUTPUT (PLS2)
instruction. By this means, interrupt feeding (moving a specified amount) can
be executed under specified conditions.

Target Speed, Acceleration Rate, and Deceleration Rate Changes during
Acceleration or Deceleration

When a PULSE OUTPUT instruction with trapezoidal acceleration and decel-
eration is executed (for speed control or positioning), the target speed and
acceleration and deceleration rates can be changed during acceleration or
deceleration.

Lighting and Power Control by Outputting Variable Duty Ratio Pulses

Operations, such as lighting and power control, can be handled by outputting
variable duty ratio pulse (PWM) output signals from the CPU Unit's built-in
outputs.

Origin Search and Origin Return Operations Using a Single Instruction
An accurate origin search combining all I/O signals (origin proximity input sig-
nal, origin input signal, positioning completed signal, error counter reset out-
put, etc.) can be executed with a single instruction. It is also possible to move
directly to an established origin using an origin return operation.

In direct mode, an interrupt task can be started when a built-in input turns ON
or OFF. In counter mode, the rising or falling edges of built-in inputs can be
counted, and an interrupt task started when the count reaches a specified
value. The maximum number of interrupt input points is 6 for CPU Units with
20, 30 or 40 I/O points.

For each input point, a selection in the PLC Setup determines whether it is to
be used as a normal input, interrupt input, quick-response input, or high-
speed counter. The interrupt input response frequency in counter mode must
be 5 kHz or less total for all interrupts.

By using quick-response inputs, built-in inputs up to a minimum input signal
width of 50 us can be read regardless of the cycle time. The maximum num-
ber of quick-response input points is 6 for CPU Units with 20, 30 or 40 I/O
points.

For each input, a PLC Setup parameter determines whether it is to be used as
a normal input, interrupt input, quick-response input, or high-speed counter.

The CPU Units have analog functionality, with 2 analog voltage inputs built in.

External analog values of 0 to 10 V (resolution: 1000) are converted to digital
values and stored in a word in the AR Area. This enables applications that
require on-site adjustment of settings that do not demand a high degree of
accuracy, such as for example, a setting based on changes in outdoor tem-
peratures or potentiometer inputs.
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Expansion Capability

for Serial Ports

Note

Up to two Serial Communications Boards each with one RS-232C port or one
RS-422A/485 port can be added to a CPU Unit with 30 or 40 I/O points. One
Serial Communications Boards can be added to a CPU Unit with 20 I/O
points. With the serial communications port, it is easy to simultaneously con-
nect a computer, PT, PLC, and/or various components, such as an Inverter,
Temperature Controller, or Smart Sensor.

NS-series PT, personal computer, bar code reader, etc.
P - CP1W-CIFO1 RS-232C
.‘ Option Board

CP1W-CIF11/CIF12
RS-422A/485 Option Board

RS-422A

Inverter, etc. (See note 1.)

(1) The Modbus-RTU easy master (available for all models) makes it easy to
control Modbus Slaves (such as Inverters) with serial communications.
After the Modbus Slave address, function, and data have been preset in
a fixed memory area (DM), messages can be sent or received indepen-
dently of the program by turning software switches.

Communications can be executed
independently of the program by setting
a Modbus-RTU command in the DM and
turning ON a software switch.

Modbus-RTU
vV
=E

p SRS

Inverter

=
@)
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|

O

(2) By using the serial PLC Links, a maximum of 10 words of data per CPU
Unit can be shared independently of the program among a maximum of
nine CPU Units (CP1L-EL/EM/CP1H/CJ1M) using RS-422A/485 Option
Boards.

CP1H CPU Unit
(Master)

RS-422A/485

Data sharing l CP1L-EL/EM CPU Unit 1 CP1L-EL/EM CPU Unit

CJ1M CPU Unit

(Stave) (Slave)

(Slave)

No-battery Operation

Memory Cassettes

Security

8 CPU Units max.

Programs, the PLC Setup, and other data can be automatically saved to the
CPU Unit's built-in flash memory. Moreover, DM Area data can be saved to
the flash memory and then used as initial data when the power is turned ON.

This allows programs and initial values (such as recipe setup data) in the DM
Area to be saved in the CPU Unit without the need to maintain a backup bat-
tery.

Built-in flash memory data, such as programs and DM initial-value data, can
be stored in a Memory Cassette (optional) as backup data. In addition, pro-
grams and initial-value data can be easily copied to another CPU Unit using
the Memory Cassette to recreate the same system.

CP1L-EL/EM CPU Unit Another CP1L-EL/EM CPU Unit
Ql ) ® @

----------------

Memory = | e e e
Cassette & 9

> Can be automatically
/ \ transferred at startup.

Programs, DM initial values, etc.

A password registration function is provided for the CPU Unit to prevent unau-
thorized copy of ladder programs. If an attempt is made to read a ladder pro-
gram from a CX-Programmer, access to the program is denied if the password
that is entered does not match the registered password. If incorrect pass-
words are entered for five consecutive attempts, the CPU Unit does not
accept any more passwords for two hours.
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1-2 System Configuration
1-2-1 Basic System

CPU Unit with 40 I/O Points CPU Unit with 30 I/O Points CPU Unit with 20 I/O Points

) 2

e EEEEEEE

© @)

Maximum Number of Normal I/O Points

Type /0 Power supply Model Normal built- Normal built-in outputs Weight
capacity voltage in inputs

EM 40 points |24 VDC CP1L-EM40DR-D |24 DC inputs | 16 relay outputs 555 g max.

CP1L-EM40DT-D 16 transistor (sinking) outputs | 515 g max.

CP1L-EM40DT1-D 16 transistor (sourcing) outputs | 515 g max.

30 points |24 VDC CP1L-EM30DR-D |18 DC inputs |12 relay outputs 485 g max.

CP1L-EM30DT-D 12 transistor (sinking) outputs | 455 g max.

CP1L-EM30DT1-D 12 transistor (sourcing) outputs | 455 g max.

EL 20 points |24 VDC CP1L-EL20DR-D 12 DC inputs | 8 relay outputs 400 g max.

CP1L-EL20DT-D 8 transistor (sinking) outputs 380 g max.

CP1L-EL20DT1-D 8 transistor (sourcing) outputs | 380 g max.

Optional Products

ltem Model Specifications Weight
Memory CP1W-MEO5M Can be used to store user programs in | 10 g max.
Cassette flash memory, parameters, DM initial

values, comment memory, FB pro-
grams, and data in RAM.

LCD Option | CP1W-DAMO1 Can be used to monitor and change 20 g max.
Board user-specified messages, time or other
data of the PLC.

Analog CP1W-ADB21 Non-isolated analog input/output unit. 25 g max.

Option CP1W-DAB21V | Can be used to expand the analog
Board CP1W-MAB221 |input/output ability.
Note @ CP1W-CIF41 Ethernet Option Board cannot be used with the CP1L-EL/EM
series PLCs.
Serial When serial communications are required for a CP1L-EL/EM CPU Unit, an
Communications RS-232C or RS-422A/485 Option Board can be added.
Expansion Two Option Boards can be mounted with a CPU Units with 30 or 40 I/O points

and one Option Board can be mounted with a CPU Units with 20 I/O points.

This enables connection by serial communications to NS-series PTs, Bar
Code Readers, components such as Inverters, and computers without Ether-
net ports (such as when using the CX-Programmer).

10




System Configuration

Section 1-2

NS-series PT, personal computer, bar code reader, etc.

RS-232C
(Expansion)

ooooo

Option Boards for Serial Communications

oooooo

CP1W-CIF01 RS-232C

CP1W-CIF11/CIF12
RS-422A/485C Option Board

RS-422A (Expansion)

N~ N\

AN

%o

%0 Inverter, etc.

OO O

Appearance Name Model Port Serial communications modes
— | RS-232C CP1W-CIFO1 One RS-232C port | Host Link, NT Link (1: N or 1:1
Clcomm Option Board (D-Sub, 9 pins, Link Master, 1:1 Link Slave),
female) No-protocol, Serial PLC Link

Ccomm

@@

RS-422A/485
Option Board

CP1W-CIF11/CIF12

for ferrules)

One RS-422A/485
port (terminal block

Slave, Serial PLC Link Master,
Serial Gateway (conversion to
CompoWay/F, conversion to Mod-
bus-RTU), peripheral bus

11
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1-2-2 System Expansion

CP-series Expansion Units or Expansion I/O Units can be connected to a
CP1L-EL/EM CPU Unit. Up to three Expansion Units or Expansion I/O Units
can be connected to a CPU Unit with 30 or 40 1/O points and one Expansion
Unit or Expansion I/0O Unit can be connected to a CPU Unit with 20 I/O points.
This allows for the expansion of various functions such as 1/0 points or tem-
perature sensor inputs.

CP1L-EM CPU Unit with 30 or 40 I/O Points

A maximum of three CP-series Expansion
1/0 Units or Expansion Units can be added.

One CP-series Expansion I/O Unit or
Expansion Unit can be added.

Using I/O Connecting Cable
When using CP-series Expansion Units and Expansion I/O Units, it is possible
to use CP1W-CN811 Connecting Cable to arrange the Units in upper and
lower rows.

* I/O Connecting Cable can be used in one place only, and not in multiple
places.

12
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Maximum I/O Points

Up to three Expansion Units or Expansion I/O Units can be connected to a
CPU Unit with 30 or 40 I/O points and one Expansion Unit or Expansion /O
Unit can be connected to a CPU Unit with 20 I/O points. The maximum 1/O
capacity is thus achieved by connecting either one or three Expansion Units
or Expansion 1/O Units.

Type | /O capacity Model Built-in | Built-in | Maximum number of Maximum total I/O
inputs | outputs | Expansion I/O Units or points
Expansion Units
EM 40 points 8;1 tEMigB_I;—}EI)D 24 16 3 Units max. Max.: 160 points
- y Inputs: 24 x 3 Inputs: 96 points
CP1L-EM40DT1-D OStputs: 16 x 3 OStputs: 62 points
30 points 8;1 tEMggB_I;—}EI)D 18 12 3 Units max. Max.: 150 points
- y Inputs: 24 x 3 Inputs: 90 points
CP1L-EM30DT1-D OStputs: 16 x 3 OStputs: 68 points
EL 20 points 8& tEkggB?DD 12 8 1 Unit max. Max.: 60 points
) y Inputs: 24 Inputs: 36 points
CP1L-EL20DT1-D OStputs: 16 OStputs: 22 points
CP-series Expansion /O Units
Appearance Model Normal Normal outputs Weight
inputs
CP1W-40EDR 24 VDC: 16 relay outputs 380 g max.
CP1W-40EDT 24inputs  [46 transistor outputs (sinking) | 320 g max.
CP1W-40EDTH1 16 transistor outputs (sourcing)
CP1W-32ER None 32 relay outputs 465 g max.
CP1W-32ET 32 transistor outputs (sinking) | 325 g max.
CP1W-32ET1 32 transistor outputs (sourcing)
CP1W-20EDR1 24 VDC: 8 relay outputs 300 g max.
CP1W-20EDT 12inputs g transistor outputs (sinking)
CP1W-20EDT1 8 transistor outputs (sourcing)
CP1W-16ER None 16 relay outputs 280 g max.
CP1W-16ET 16 transistor outputs (sinking) | 225 g max.
CP1W-16ET1 16 transistor outputs (sourcing)
CP1W-8ED 24 VDC: None 200 g max.
8 inputs
CP1W-8ER None 8 relay outputs 250 g max.
CP1W-8ET 8 transistor outputs (sinking)
CP1W-8ET1 8 transistor outputs (sinking)

13



System Configuration

Section 1-2

CP-series Expansion Units

14

Name and Model Specifications Weight
appearance
Analog I/0 Units | CP1W-MAD11 2 analog 0to5V/1to5V/0to | Resolu- 150 g max.
inputs 10 V/-10 to +10 V/0 | tion: 6,000
to 20 mA/4 to 20 mA
I E 1analog |1to5V/0to 10 V/
EE s output -10to +10 V/O to
20 mA/4 to 20 mA
CP1W-MAD42 4 analog 0to5V/1to5V/0to | Resolu- 260 g max.
inputs 10 V/-10 to +10 V/0 | tion:
to 20 mA/4 to 20 mA | 12,000
2 analog 1to5V/0to 10 V/
outputs -10to +10 V/0 to
20 mA/4 to 20 mA
CP1W-MAD44 4 analog Oto5V/1to5V/0to
inputs 10 V/-10 to +10 V/0
to 20 mA/4 to 20 mA
4 analog 1to5V/0to 10 V/
outputs -10to +10 V/0 to
20 mA/4 to 20 mA
Analog Input CP1W-ADO041 4 analog 0to5V/1to5V/0to | Resolu- 200 g max.
Units inputs 10 V/~10to +10 V/0 |tion: 6,000
o to 20 mA/4 to 20 mA
CP1W-ADO042 4 analog 0to5V/1to5V/0to | Resolu-
inputs 10 V/-10 to +10 V/0 |[tion:
o to 20 mA/4 to 20 mA | 12,000
Analog Output | CP1W-DA021 2 analog 1to5V/0to 10 V/ Resolu- 200 g max.
Units outputs -10to +10 V/0 to tion: 6,000
@ CPIW-DAO41 |4 analog |20 MA/41020 mA
outputs
Jl """""" CP1W-DA042 4 analog 1to5V/0to10V/ | Resolu-
outputs -10to +10 V/0 to tion:
20 mA/4 to 20 mA 12,000
Temperature CP1W-TS001 2 inputs Thermocouple input 250 g max.
SensorUnits  fepyw.rsoo2  |4inputs | <Y
* CP1W-TS003 4 inputs Thermocouple input | Resolu- 225 g max.
] KorJ, 4 inputs tion:
bomAn or 2 analog inputs 12,000
© 0to 10V/1to 5V/4 to
g 20mA
W —[: CP1W-TS004 12 inputs | Thermocouple input 380 g max.
’ | CP1W-TS101 2 inputs Platinum resistance thermometer | 250 g max.
3 : input
CP1W-TS102 4 inputs Pt100, JPt100
CompoBus/S CP1W-SRT21 As a CompoBus/S slave, 8 inputs and 8 out- |200 g max.
I/0 Link Unit puts are allocated.

@
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1-2-3 Restrictions on System Configuration

Note

Note

The following restrictions apply to the CP-series Expansion Units and CP-
series Expansion 1/0 Units that can be connected to CP1L-EL/EM CPU Units.

m Number of Expansion Units and Expansion I/O Units Connected

A maximum of three Units can be connected to a CPU Unit with 30 or 40 I/O
points and one Unit can be connected to a CPU Unit with 20 I/O points.

Each CPU Unit can connect one device to pin 6 (+5V power supply) of the
CP1W-CIF01 RS232C Option Board.

If two CP1W-CIFO1 Option Boards are mounted on a CPU Unit with 30, 40 or
60 10 points and both of which use pin 6 (+5V power supply), a total of up to
two Expansion Units can be connected to the CPU Unit.

m Restrictions on the number of simultaneously ON output points

CP1W-32ER/32ET/32ET1’s maximum number of simultaneously ON points is 24
(75%).

m Restrictions Imposed by Ambient Temperature

There are restrictions in the power supply voltage and output load current
imposed by the ambient temperature for CPU Units with DC power. Use the
CPU Unit within the following ranges of power supply voltage and output load
current.

CPU Units with Relay Outputs (CP1L-E[ ][ [ IDR-D)

Relay Output Load Current Derating Curves for CPU Units and Expansion 1/O
Units

CP1L-EL20DR-D

100%

CP1L-EM30DR-D

100%

CP1L-EM40DR-D

100%

Power voltage: -~ Power voltage: B
21.6 VDC 21.6 VDC Power
voltage:
21.6VDC
50% / 50% / 50%
Power voltage: Power voltage: Power
20.4VDC 20.4VDC voltage:
20.4VDC
0% 0% 0%

40 4555°C
Ambient temperature

35 45 55°C
Ambient temperature

3035 50 55°C
Ambient temperature

The above restrictions, apply to the relay output load current from the CPU
Unit even if Expansion I/O Units are not connected.

Using CP1W-8ER/16ER/20EDR1/32ER/40EDR Expansion I/0 Units with
CPU Units with Transistor Outputs (CP1L-E[ 1 [ IDT[]-D)

Relay Output Load Current Derating Curves for Expansion 1/O Units

Expansion 1/0 Units added
to the CP1L-EL20DTLI-D

100%

Expansion 1/0 Units added
to the CP1L-EM30DTLI]-D

100%

Power voltage: =~}

50%

Power voltage: ~}

Expansion 1/0 Units added
to the CP1L-EM40DT[I]-D

100%

Power voltage: —}

0%

Ambient temperature

21.6 VDC 21.6 VDC 21.6 VDC
50% / 50%
Power voltage: Power voltage: Power voltage:
20.4VDC 20.4VDC 20.4VDC
0% 0%
40 50 55°C 35 45 55°C 35 45 55°C

Ambient temperature

Ambient temperature

There are no restrictions on the transistor output load current from the CPU

Unit.

15
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1-3 Function Charts

——| Built-in I/O functions |——| Built-in input functions |——| Normal inputs

Selected in PLC Setup.

—| Interrupt inputs

Interrupt inputs (Direct mode) |

Interrupt inputs (Counter mode) |

—| High-speed counter inputs

No interrupts

High-speed counter interrupts |

—| Quick-response inputs |

—| Built-in output functions |——| Normal outputs |

Selected by instructions.

—| Pulse outputs |

Variable duty ratio pulse outputs
(PWM outputs)

_| Origin functions

I——| Origin search |

—| Origin return |

* Target value comparison interrupts
* Range comparison interrupts

Execute the ORG instruction to move from any position to the origin.

—| Inverter positioning functions |

Built-in analog input

No-battery operation

Memory Cassette

Clock

2inputs, 0to 10V
¢ Resolution: 1000

User memory, parameters (such as PLC Setup), DM initial values,
comment memory, etc., can be saved in the CPU Unit's built-in
flash memory.

Data saved in the CPU Unit's built-in flash memory can be saved to
a Memory Cassette (purchased separately) and transferred
automatically from the Memory Cassette when the power supply is
turned ON.

Functions using Option Boards

Serial
communications

Analog Input/Output

LCD display

— Functions using CP-
series Expansion Units

Analog I/O functions

Ethernet port

Temperature sensor
input functions

CompoBus/S Slave CompoBus/S 1/0 Link Unit

function

FINS/UDP

16

I |FINS/TCP

Socket service

Clock auto adjustment

_( CX-P Auto connection

» Data exchanged with Master Unit: 8 inputs and 8 outputs
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1-4 Function Blocks
Function blocks can be used in programming SYSMAC CP-series PLCs.

1-4-1 Overview of Function Blocks

A function block is a basic program element containing a standard processing
function that has been defined in advance. Once the function block has been
defined, the user just has to insert the function block in the program and set
the 1/0 in order to use the function.

As a standard processing function, a function block is not created with actual
physical addresses, but local variables. The user sets parameters (addresses
or values) in those variables to use the function block. The addresses used for
the variables themselves are automatically assigned by the system (CX-Pro-
grammer) each time they are placed in the program.

In particular, each function block is saved by the CX-Programmer as an indi-
vidual file that can be reused with programs for other PLCs. This makes it pos-
sible to create a library of standard processing functions.

Program 2
Copy of function block A
Standard program
section written
with variables Function block A Program 1 ’_| |7
a2 £ I Copy of function block A Variable - Output
blb— MOV i B i —
#OZZO Input —| Variable Variable - Output
Define in advance. T T
Insert in program. Setting Setting

Copy of function block A

Save function
block as file. 4' Ny
Library Input — Variable Variable —Output

Function
block A

To another PLC program
Reuse

17
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1-4-2 Advantages of Function Blocks

Structured
Programming

Easy-to-read “Block Box”
Design

Different Processes Easily
Created from a Single
Function Block

Reduced Coding Errors

Data Protection

Improved Reusability
through Programming
with Variables

Creating Libraries

Nesting Multiple
Languages

18

Function blocks allow complex programming units to be reused easily. Once
standard program sections have been created as function blocks and saved in
files, they can be reused just by placing a function block in a program and set-
ting the parameters for the function block's 1/0. Reusing standardized function
blocks reduces the time required for programming/debugging, reduces coding
errors, and makes programs easier to understand.

Structured programs created with function blocks have better design quality
and required less development time.

The 1/0O operands are displayed as local variable names in the program, so
the program is like a “black box” when entering or reading the program and no
extra time is wasted trying to understand the internal algorithm.

Many different processes can be created easily from a single function block by
using input variables for the parameters (such as timer SVs, control con-
stants, speed settings, and travel distances) in the standard process.

Coding mistakes can be reduced, because blocks that have already been
debugged can be reused.

The local variables in the function block cannot be accessed directly from the
outside, so the data can be protected. (Data cannot be changed unintention-

ally.)

The function block's I/O is entered as local variables, so the data addresses in
the function block do not have to be changed as they do when copying and
reusing a program section.

Processes that are independent and reusable (such as processes for individ-
ual steps, machinery, equipment, or control systems) can be saved as func-
tion block definitions and converted to library functions.

The function blocks are created with local variable names that are not tied to

physical addresses, so new programs can be developed easily just by reading
the definitions from the file and placing them in a new program.

Mathematical expressions can be entered in structured text (ST) language.

Nesting function blocks is supported for CX-Programmer Ver. 6.0 or higher.
For example, it is possible to express only special operations in ST language
within a function block in a ladder diagram.

Function block (ladder language)

GreenLight

Spevial_Operslion

Shioperation
BooL) (B00L)
N NG

input_data [(REAL) (FEAL)|  resut_dats
data RESLLT

. Call (Nesting) ' A
Function block (ST language)

IF M =TRUE THEN
RESULT:=Sh(dstal);
ENDIF;

For details on using function blocks, refer to the CX-Programmer Ver. 7.0
Operation Manual: Function Blocks (Cat. No. W447).
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Nomenclature and Specifications

This section describes the names and functions of CP1L-EL/EM parts and provides CP1L-EL/EM specifications.
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2-1 Part Names and Functions
2-1-1 CP1L-EL/EM CPU Units

Front

(8) Power supply, ground,

(7) Input indicators and input terminal block

(1) Battery cover

Right Side

(9) Option Board slots
/1 (left) and 2 (right)
7

O — —"— —~/ O
(2) Operation indicators olololololeelolcele elele
. & 000100 BHE 000
(3) DIP switch Q|G LA e T
— o
10000 e

(4) Memory Cassette slot —_|

Built-i log input
(5) Built-in analog inpu —_

connector I

I
(6) Ethernet port O

(12) Output indicators

(1) Battery Cover

Y
(11) Output terminal block

(10) Expansion 1/0
Unit connector

Covers the location where the battery is stored.

(2) Operation Indicators

Show CP1L-EL/EM operation status.

] POWER Lit Power is ON.
POWER (Green)  I'Not it Power is OFF.
(] RUN Lit The CP1L-EL/EM is executing a program in either
RUN (Green) RUN or MONITOR mode.
] Not lit Operation is stopped in PROGRAM mode or due to
ERFVALM a fatal error.
] ERR/ALM | Lit A fatal error (including FALS execution) or a hard-
N (Red) ware error (WDT error) has occurred. CP1L-EL/EM
operation will stop and all outputs will be turned
] OFF.
LNK/ACT Flashing A non-fatal error has occurred (including FAL execu-
] tion). CP1L-EL/EM operation will continue.
BKUP Not lit Operation is normal.
/ INH Lit The Output OFF Bit (A500.15) has turned ON. All
(Yellow) outputs will be turned OFF.
Not lit Operation is normal.
LNK/ACT |Lit A valid link is detected.
(Yellow) Flashing Communications (either sending or receiving) are in
progress through the Ethernet port.
Not lit Other than the above.
BKUP Lit A user program, parameters, or Data Memory is
(Yellow) being written or accessed in the built-in flash mem-
ory (backup memory).
A user program, parameters, Data Memory, DM ini-
tial values, or comment memory is being written or
accessed in a Memory Cassette.
The BKUP indicator also lights while user programs,
parameters, and Data Memory are being restored
when the PLC power supply is turned ON.
Note Do not turn OFF the PLC power supply while
this indicator is lit.
Not lit Other than the above.
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(3) DIP Switch
CPU Units with 30 or 40 1/O Points
ON No. Setting Description Application Default
BBBBBB SWi1 ON User memory write- | Used to prevent pro- OFF
I S protected (See note.) | grams from being inad-
OFF User memory not vertently overwritten.
write-protected.
SW2 |ON Data automatically | Used to enable pro- OFF
transferred from grams, Data Memory, or
Memory Cassette at | parameters saved on a
startup. Memory Cassette to be
OFF Data not transferred. | °Pened by the CPU Unit
at startup.
SW3 |ON A395.12 ON This pin enables control- | OFF
OFF A395.12 OFF ling a bit in memory with-
' out using an input relay.
SW4 ON Used for peripheral |Used to enable a Serial | OFF
bus. Communications Option
; Board mounted in Option
OFF According to PLC
Setup "9 Board Slot 1 to be used
' by the peripheral bus.
SW5 ON Used for peripheral |Used to enable a Serial | OFF
bus. Communications Option
; Board mounted in Option
OFF According to PLC
Setup. "9 Board Slot 2 to be used
by the peripheral bus.
SW6 OFF Keep turned OFF. OFF

Note The following data will be write-protected if pin SW1 is turned ON:
* The entire user program (all tasks)
e All data in parameter areas (such as the PLC Setup)

When SW1 is turned ON, the user program and the data in the pa-
rameter areas will not be cleared even if the All Clear operation is
performed from a Peripheral Device (i.e., the CX-Programmer).

CPU Units with 20 I/O Points

No. Setting Description Application Default
SWi1 ON User memory write- | Used to prevent pro- OFF
protected (See note.) | grams from being inad-
OFF User memory not vertently overwritten.
write-protected.
SW2 ON Data automatically | Used to enable pro- OFF
transferred from grams, Data Memory, or
Memory Cassette at | parameters saved on a
startup. Memory Cassette to be
OFF Data not transferred. | OPened by the CPU Unit
at startup.
SW3 |ON A395.12 ON This pin enables control- | OFF
OFF A395.12 OFF ling a bit in memory with-
out using an input relay.
SW4 |ON Used for peripheral | Used to enable a Serial | OFF
bus. Communications Option
OFE According to PLC Board mounted in Option
Setup. "9 Board Slot 1 to be used
by the peripheral bus.

21



Part Names and Functions

Section 2-1

Note The following data will be write-protected if pin SW1 is turned ON:
* The entire user program (all tasks)
e All data in parameter areas (such as the PLC Setup)

When SW1 is turned ON, the user program and the data in the pa-
rameter areas will not be cleared even if the All Clear operation is
performed from a Peripheral Device (i.e., the CX-Programmer).

Memory Cassette Slot

Used for mounting a CP1W-MEO5M Memory Cassette. When mounting
a Memory Cassette, remove the dummy cassette.

Data, such as CP1L-EL/EM CPU Unit programs, parameters, and data
memory, can be transferred to the Memory Cassette to be saved.

Built-in Analog Input Connector

By applying 0 to 10 V of external voltage, it is possible to adjust the value
of A642 and A643 within a range of 0 to 1000. This input is not isolated.
(Refer to 8-4 Built-in Analog Input.)

Ethernet Port

Using the built-in Ethernet port, user can easily connect the CX-Pro-
grammer to PLCs Online or exchange data between CP1L-EL/EM series
PLCs and other Ethernet devices from either OMRON or another manu-
facturer. Various protocols are supported, including FINS/TCP, FINS/
UDP, Socket, SNTP, DNS.

Input Indicators
The input indicators light when input terminal contacts turn ON.

Power Supply, Ground, and Input Terminal Block

Power supply terminals | Used to provide a 24-VDC power supply.
Ground terminals Protective ground ( @) ):

To prevent electric shock, ground to 100 Q or less.
Input terminals Used to connect input devices.

Option Board Slots
The following Option Boards can be mounted in either slot 1 (left) or slot
2 (right).

e CP1W-CIF01 RS-232C Option Board

* CP1W-CIF11/CIF12 RS-422A/485 Option Board

* CP1W-DAMO1 LCD Option Board

* CP1W-ADB21/DAB21V/MAB221 Analog Option Board

&Caution Always turn OFF the power supply to the PLC before mounting or removing
an Option Board.
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(10) Expansion I/O Unit Connector

CP-series Expansion I/O Units and Expansion Units (Analog I/O Units,
Temperature Sensor Units, or CompoBus/S I/O Link Units) can be con-
nected. Up to three Expansion Units or Expansion I/0O Units can be con-
nected to a CPU Unit with 30 or 40 I/O points and one Expansion Unit or
Expansion 1/0 Unit can be connected to a CPU Unit with 20 I/O points.
(For details on using Expansion Units and Expansion I/O Units, refer to
SECTION 9 Using Expansion Units and Expansion I/O Units.)

(11) Output Terminal Block

The Output terminals are used for connecting output devices.

(12) Output Indicators

The output indicators light when output terminal contacts turn ON.
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2-1-2 CP1W-CIF01 RS-232C Option Boards

A RS-232C Option Board can be mounted to an Option Board slot on the
CPU Unit. With a CPU Unit with 30 or 40 I/O points, either Option Board slot
may be used.

When mounting an Option Board, first remove the slot cover. Grasp both of
the cover's up/down lock levers at the same time to unlock the cover, and then
pull the cover out.

Then to mount the Option Board, check the alignment and firmly press it in
until it snaps into place.

&Caution Always turn OFF the power supply to the PLC before mounting or removing
an Option Board.

Front Back

(1) Communications Status Indicator

I ——— / .
- 1ll— (3) CPU Unit Connector
“JCOMM ==

E@ 00000
e —
/

(2) RS-232 Connector

RS-232C Connector

5 ] Pin Abbr. Signal name Signal direction
\ / 1 FG Frame Ground
O OOOOO © 2 D (TXD) Send Data Output
3 D (RXD) Receive Data Input
9 6 4 S (RTS) Request to Send Output
5 S (CTS) Clear to Send Input
6 5V Power Supply
7 DR (DSR) Data Set Retry Input
8 ER (DTR) Equipment Ready Output
9 SG (0V) Signal Ground
Connector hood |FG Frame Ground

2-1-3 CP1W-CIF11/CIF12 RS-422A/485 Option Boards

A RS-422A/485 Option Board can be mounted to an Option Board slot on the
CPU Unit. With a CPU Unit with 30 or 40 I/O points, either Option Board slot
may be used.

When mounting an Option Board, first remove the slot cover. Grasp both of
the cover's up/down lock levers at the same time to unlock the cover, and then
pull the cover out.

Then to mount the Option Board, check the alignment and firmly press it in
until it snaps into place.

&Caution Always turn OFF the power supply to the PLC before mounting or removing
an Option Board.
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Front Back
(1) Communications Status Indicator
—— Vi )
7 - 1l — (3) CPU Unit Connector
COMM ==
I .
RDA- RDB+ SDA- SDB+ FG EEEE [T~ (4) DIP Switch for

Operation Settings

QOO OO

o | o |

/ —

(2) RS-422A/485 Connector

RS-422A/485 Terminal Block

O OO OO

Tighten the terminal block screws to
a torque of 0.28 N-m (2.5 Lb In.).

JZIII@I-_\JE\
Aoa-"" /' | \ FG

RDB+ SDA- SDB+

DIP Switch for Operation Settings

o=z Pin Settings
BBBBBH 1 ON ON (both ends) Terminating resistance selection
L OFF |OFF Resistance value: 2200 typical
2 ON 2-wire 2-wire or 4-wire selection (See
OFF | 4-wire note 1.)
3 ON 2-wire 2-wire or 4-wire selection (See
OFF | 4-wire note 1.)
4 Not used.
5 ON RS control enabled RS control selection for RD (See
OFF | RS control disabled (Data note 2.)
always received.)
6 ON RS control enabled RS control selection for SD (See
OFF | RS control disabled (Data note 3.)
always sent.)

Note (1) Set both pins 2 and 3 to either ON (2-wire) or OFF (4-wire).
(2) To disable the echo-back function, set pin 5 to ON (RS control enabled).

(3) When connecting to a device on the N side in a 1: N connection with the
4-wire method, set pin 6 to ON (RS control enabled).
Also, when connecting by the 2-wire method, set pin 6 to ON (RS control
enabled).
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2-2 Specifications

2-2-1 CP1L-EL/EM CPU Units

General Specifications
Type EM CPU Units EL CPU Units
Model CP1L-EM40DR-D CP1L-EM30DR-D CP1L-EL20DR-D

CP1L-EM40DT-D
CP1L-EM40DT1-D

CP1L-EM30DT-D
CP1L-EM30DT1-D

CP1L-EL20DT-D
CP1L-EL20DT1-D

(See note 2.)

Power supply 24 VDC
Operating voltage range 20.4 t0 26.4 VDC
Power consumption 20 W max. 20 W max. 13 W max.

Inrush current
(See note 1.)

30 A max.(for cold start.)
20 ms max.

Insulation resistance

No insulation between primary and secondary DC power supplies.

Dielectric strength

No insulation between primary and secondary DC power supplies.

Noise resistance

Conforms to IEC 61000-4-4 2 kV (power supply line)

Vibration resistance

Conforms to JIS 60068-2-6

510 8.4 Hz, 3.5 mm amplitude, 8.4 to 150 Hz, acceleration: 9.8 m/s2 in X, Y, and Z directions
for 100 minutes each (time coefficient of 10 minutes x coefficient factor of 10 = total time of
100 minutes)

Shock resistance

Conforms to JIS 60068-2-27
147 m/s? three times each in X, Y, and Z directions

Ambient operating

0 to 55°C

Ambient humidity 10% to 90% (with no condensation)
Atmosphere No corrosive gas.
Ambient storage —20 to 75°C (excluding battery)
Terminal screw size M3
Power interrupt time 2 ms min.
Weight 555 g max. | 485 g max. | 400 g max.
Note (1) The above values and for a cold start for a DC power supply.

* A capacitor delay circuit is used in the inrush current control circuitry
for the DC power supply. The capacitor will not be charged if a hot start
is performed when the power supply has been OFF for only a short
time, so in those cases the inrush current values may be higher (as
much as two times higher) than those shown above.

Always allow for this when selecting fuses and breakers for external cir-
cuits.
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(2) This is the rated value for the maximum system configuration. Use the fol-
lowing formula to calculate DC power consumption for CPU Units with DC
power.

Formula:

DC-powered CP1L-EL/EM power consumption = (5 V current consump-
tion x 5 V/70% (CP1L-EL/EM internal power efficiency) + 24 V current
consumption x 24 V) x 1.1 (current fluctuation factor)

Calculation Example

CPU Unit Expansion Unit or Expansion I/O Unit Total
1st Unit 2nd Unit 3rd Unit
CP1W-20EDT | CP1W-TS001 CP1W-DA041
0.130 A 0.040 A 0.080 A

0.000 A 0.059 A 0.124 A

CP1L-EM40DR-D
0.320 A
0.080 A

System
5V
24V

0.570 A
0.263 A

CP1L-EL/EM Power Consumption
=(0.57 Ax5V/70% + 0.263 A x 24 V) x 1.1
=11.42W

The above calculation results show that a power supply with a capacity of
12 W or greater is required.

(3) General specification of Expansion I/O Units and Expansion Units will be
the same criteria with CPU Units.

Current Consumption

CPU Units
1/0 capacity Model Current consumption
5VDC 24V DC
40 I/0 points CP1L-EM40DR-D 0.32 A 0.08 A
CP1L-EM40DT-D 0.42 A 0.01 A
CP1L-EM40DT1-D 0.42 A 0.01 A
30 I/0 points CP1L-EM30DR-D 0.30 A 0.07 A
CP1L-EM30DT-D 0.39A 0.01 A
CP1L-EM30DT1-D 0.39 A 0.01 A
20 I/O points CP1L-EL20DR-D 0.31A 0.06 A
CP1L-EL20DT-D 0.37 A 0.01 A
CP1L-EL20DT1-D 0.37 A 0.01 A
Note (1) The current consumption of the CP1W-MEO5M Memory Cassette and
CP1W-CIF01/11 Option Boards are included in the current consumption
of the CPU Unit.
(2) The current consumption of the following is not included with the current
consumption of the CPU Unit.
Unit Model Current consumption
5vDC 24V DC
Interface Unit CP1W-CIF12 0.075 A
LCD Option Board CP1W-DAMO1 0.040 A
Analog Input Option Board | CP1W-ADB21 0.020 A ---
Analog Output Option Board | CP1W-DAB21V 0.060 A ---
Analog 1/0 Option Board CP1W-MAB221 0.080 A
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(3) The current consumptions given in the following table must be added to
the current consumption of the CPU Unit if an Expansion Unit or Expan-
sion 1/0O Unit is connected.

Expansion Units and Expansion I/O Units

Unit name Model Current consumption
5VDC 24 VDC
Expansion 1/O Units 40 1/O points CP1W-40EDR 0.080 A 0.090 A
24 inputs CP1W-40EDT 0.160 A
16 outputs CP1W-40EDT1
32 outputs CP1W-32ER 0.049 A 0.131 A
CP1W-32ET 0.113 A
CP1W-32ET1
20 1/O points CP1W-20EDR1 0.103 A 0.044 A
12 inputs CP1W-20EDT 0.130 A
8 outputs CP1W-20EDTH1
16 outputs CP1W-16ER 0.042 A 0.090 A
CP1W-16ET 0.076 A
CP1W-16ET1
8 inputs CP1W-8ED 0.018 A
8 outputs CP1W-8ER 0.026 A 0.044 A
CP1W-8ET 0.075 A
CP1W-8ET1
Expansion Analog Input Unit | 4 inputs CP1W-ADO041 0.100 A 0.090 A
Units CP1W-AD042 0.100 A 0.050 A
Analog Output Unit | 2 outputs CP1W-DAO021 0.040 A 0.095 A
4 outputs CP1W-DA041 0.080 A 0.124 A
CP1W-DA042 0.070 A 0.160 A
Analog I/0 Units 2 inputs CP1W-MAD11 0.083 A 0.110 A
1 output
4 inputs CP1W-MAD42 0.120 A 0.120 A
2 outputs
4 inputs CP1W-MAD44 0.120 A 0.170 A
4 outputs
Temperature Sen- |K or J thermocouples | CP1W-TS001 0.040 A 0.059 A
sor Units CP1W-TS002
CP1W-TS004 0.080 A 0.050 A
K or J thermocouples | CP1W-TS003 0.070 A 0.030 A
or analog inputs
Pt or JPt platinum CP1W-TS101 0.054 A 0.073 A
resistance thermom- | sp{W-TS102
eters
CompoBus/S I/0 |8 inputs CP1W-SRT21 0.029 A
Link Unit 8 outputs

Note  CP1W-32ER/32ET/32ET1’s maximum number of simultaneously ON points is
24 (75%).
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Characteristics

Type EM CPU Units EL CPU Units

Model CP1L-EM40DR-D CP1L-EM30DR-D CP1L-EL20DR-D

CP1L-EM40DT-D
CP1L-EM40DT1-D

CP1L-EM30DT-D
CP1L-EM30DT1-D

CP1L-EL20DT-D
CP1L-EL20DT1-D

Program capacity 10 K steps 5 K steps
(See note 1.)
FB capacity 10 K steps

Control method

Stored program method

1/0O control method

Cyclic scan with immediate refreshing

Program
language

Ladder diagram

Function blocks

Maximum number of function block definitions: 128
Maximum number of instances: 256
Languages usable in function block definitions: Ladder diagrams, structured text (ST)

Instruction length

1 to 7 steps per instruction

connectable Expan-
sion Units and Expan-

Instructions Approx. 500 (function codes: 3 digits)

Instruction Basic instructions: 0.61 ps min.

execution time Special instructions: 4.1 ps min.

Common 0.38 ms

processing time

Number of 3 Units (CP Series) 1 Unit (CP Series)

sion 1/0O Units
Maximum number of | 160 points 150 points 60 points
I/0O points (40 built in, 40 x 3 expansion) | (30 built in, 40 x 3 expansion) | (20 built in, 40 x 1 expansion)
Buitin | Built-in 1/0O 40 terminals 30 terminals 20 terminals
terminals (24 inputs and 16 outputs) (18 inputs and 12 outputs) (12 inputs and 8 outputs)
;E ‘:]’;Céan Inter- | Direct |6 inputs
be rﬁgfns mode | Response time: 0.3 ms
assigned.) Counter | 6 inputs
mode | Response frequency: 5 kHz total, 16 bits
Incrementing counter or decrementing counter
Quick- 6 points
response Min. input pulse width: 50 us max.
inputs
High-speed 4 inputs/2 axes (24 VDC)
counters * Single phase (pulse plus direction, up/down, increment), 100 kHz
¢ Differential phases (4x), 50 kHz
Value range: 32 bits, Linear mode or ring mode
Interrupts: Target value comparison or range comparison
Pulse | Pulse outputs |2 outputs, 1 Hz to 100 kHz
outputs (CCW/CW or pulse plus direction)
(SiT;?:r. Trapezoidal or S-curve acceleration and deceleration (Duty ratio: 50% fixed)
output | PWM outputs |2 outputs, 0.1 to 6,553.5 Hz or 1 to 32,800 Hz
models Variable duty ratio: 0.0% to 100.0% (in increments of 0.1% or 1%)
only) Accuracy: +1%/-0% at 0.1 Hz to 10,000 Hz and +5%/-0% at 10,000 Hz to 32,800 Hz

Built-in analog input

2 inputs (Resolution: 1/1000, Input range: 0 to 10 V)

Ethernet port

Supported. (1 Ethernet port built-in)
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Type EM CPU Units EL CPU Units
Model CP1L-EM40DR-D CP1L-EM30DR-D CP1L-EL20DR-D

CP1L-EM40DT-D CP1L-EM30DT-D CP1L-EL20DT-D
CP1L-EM40DT1-D CP1L-EM30DT1-D CP1L-EL20DT1-D

Serial port (RS-232C ,
RS-422A/485)

Ports not provided as standard equipment. (EM-type CPU Unit: 2 ports max., EL-type CPU Unit: 1
port)

The following Option Boards can be mounted:

* CP1W-CIF01: One RS-232C port

¢ CP1W-CIF11/CIF12: One RS-422A/485 port

Applicable communications modes (same for all of the above ports): Host Link, NT Link (1: N
mode), No-protocol, Serial PLC Link Slave, Serial PLC Link Master, Serial Gateway (conversion to
CompoWay/F, conversion to Modbus-RTU), peripheral bus (See note 2.)

Number of tasks

288 (32 cycle execution tasks and 256 interrupt tasks)

interrupt tasks

Scheduled 1 (interrupt task 2, fixed)
interrupt
Input 6 (interrupt tasks 140 to 145, fixed)

(High-speed counter interrupts and interrupt tasks specified by external interrupts
can also be executed.)

Maximum subroutine | 256
number

Maximum jump 256
number

Scheduled interrupts | 1

Clock function Supported.

—0.5 min to +4.5 min (ambient temperature: 55°C),
—2.0 min to +2.0 min (ambient temperature: 25°C),
—2.5 min to +1.5 min (ambient temperature: 0°C)

Accuracy (monthly deviation):

Memory | Built-in flash | User programs and parameters (such as the PLC Setup) are automatically saved to the flash
Backup | memory memory. It is also possible to save and read data memory initial data.
The data is automatically transferred to RAM when the power supply is turned ON. (Data memory
initial data, however, may or may not be transferred, depending on the selection in the PLC Setup.
Battery The HR Area, DM Area, and counter values (flags, PV) are backed up by a battery.
backup Battery model: CJ1W-BATO1 (Built into the CP1L-EL/EM CPU Unit.)

Maximum battery service life: 5 years
Guaranteed (ambient temperature: 55°C): 13,000 hours (approx. 1.5 years)
Effective value (ambient temperature: 25°C): 43,000 hours (approx. 5 years)

Memory Cassette
function

A CP1W-MEO5M Memory Cassette (512K words, optional) can be mounted. It can be used to
back up the following data on the CPU Unit's RAM and to transfer the data at startup.

¢ Data saved on Memory Cassette: User programs, parameters (such as the PLC Setup), DM
Area, data memory initial data, comment memory (CX-Programmer conversion tables, com-
ments, program indices), and FB program memory.

* Writing to Memory Cassette: By operations from the CX-Programmer.
* Reading from Memory Cassette: At startup, or by operations from the CX-Programmer.

Note (1) The function block capacity is not included in the program capacity.

(2) Can be used as Modbus-RTU easy master function.
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2-2-2 1/O Memory Details
Type EM CPU Units EL CPU Units
Model CP1L-EM40DR-D CP1L-EM30DR-D CP1L-EL20DR-D
CP1L-EM40DT-D CP1L-EM30DT-D CP1L-EL20DT-D
CP1L-EM40DT1-D CP1L-EM30DT1-D CP1L-EL20DT1-D
I/0 Input bits | 24 bits 18 bits 12 bits
Areas ClO 0.00 to CIO 0.11 CIO 0.00 to CIO 0.11 CIO 0.00 to CIO 0.11
CIO 1.00 to CIO 1.11 CIO 1.00 to CIO 1.05
Output 16 bits 12 bits 8 bits
bits CIlO 100.00 to CIO 100.07 ClO 100.00 to CIO 100.07 CIlO 100.00 to CIO 100.07
CIO 101.00 to CIO 101.07 CIO 101.00 to CIO 101.03
1:1 Link 256 bits (16 words): CIO 3000.00 to CIO 3015.15 (words CIO 3000 to CIO 3015)
Bit Area
Serial PLC | 1,440 bits (90 words): CIO 3100.00 to CIO 3189.15 (words CIO 3100 to CIO 3189)
Link Area
Work bits | 4,800 bits (300 words): CIO 1200.00 to CIO 1499.15 (words CIO 1200 to CIO 1499)
6,400 bits (400 words): CIO 1500.00 to CIO 1899.15 (words CIO 1500 to CIO 1899)
15,360 bits (960 words): CIO 2000.00 to CIO 2959.15 (words CIO 2000 to CIO 2959)
9,600 bits (600 words): CIO 3200.00 to CIO 3799.15 (words CIO 3200 to CIO 3799)
37,504 bits (2,344 words): CIO 3800.00 to CIO 6143.15 (words CIO 3800 to CIO 6143)
Work bits 8,192 bits (512 words): W000.00 to W511.15 (words WO to W511)
TR Area 16 bits: TRO to TR15
HR Area 8,192 bits (512 words): H0.00 to H511.15 (words HO to H511)
AR Area Read-only (Write-prohibited) 7,168 bits (448 words): A0.00 to A447.15 (words AQ to A447)
Read/Write 8,192 bits (512 words): A448.00 to A959.15 (words A448 to A959)
Timers 4,096 bits: TO to T4095
Counters 4,096 bits: CO to C4095
DM Area 32 Kwords: DO to D32767 10 Kwords: DO to D9999 and

Note Initial data can be transferred to the CPU Unit's built-in flash
memory using the data memory initial data transfer function.
A setting in the PLC Setup can be used so that the data in

flash memory is transferred to RAM at startup.
DM fixed allocation words for Modbus-RTU Easy Master

D32200 to D32249 for Serial Port 1, D32300 to D32349 for Serial

Port 2

DM fixed allocation words for socket service D32400 to D32477 for

Ethernet port

D32000 to D32767

Note Initial data can be trans-
ferred to the CPU Unit's
built-in flash memory
using the data memory
initial data transfer func-
tion. A setting in the PLC
Setup can be used so that
the data in flash memory
is transferred to RAM at
startup.

DM fixed allocation words for
Modbus-RTU Easy Master
D32300 to D32349 for Serial
Port 1

DM fixed allocation words for
socket service D32400 to
D32477 for Ethernet port

Data Register
Area

16 registers (16 bits): DRO to DR15

Index Register
Area

16 registers (16 bits): IR0 to IR15

Task Flag Area

32 flags (32 bits): TKO to TK31

Trace Memory

4,000 words (500 samples for the trace data maximum of 31 bits and 6 words.)
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2-2-3 1/O Specifications

I1/0 Terminal Blocks of CPU Units with 40 I/O Points
Input Terminal Block (Top Block)

+ - |COM| 01 [ 03| 05| 07 | 09 | 11 | O1 | 03 | 05| 07 | 09 | 11

NC @ 00 | 02 04 | 06 | 08 10 ] 00 | 02 04 | 06 [ 08 | 10
Inputs (CIO 0) Inputs (CIO 1)

Output Terminal Block Arrangement (Bottom Block)

Relay Output Models (CP1L-EM40DR-D)

NC | 00 01 02 03 04 06 00 01 03 04 06

NC | COM] cOM|COM | COM| 05 07 | COM| 02 | COM| 05 07

CIO 100 CIO 101

Sinking Transistor Output Models (CP1L-EM40DT-D)

V+ 00 01 02 03 04 06 00 01 03 04 06

V- COM(V-) COM| 05 | o7 JCOM| 02 JcoM| o5 | o7
CIO 100 CIO 101
Note (1) COM(V-) has been connected with V- in inner circuit.

(2) V+/V- input terminals are used as the power supply terminals for
CIO100.00 to CIO100.03. Supply the power of 24 VDC when using
Cl0100.00 to C10100.03.

Sourcing Transistor Output Models (CP1L-EM40DT1-D)

V+ 00 01 02 03 04 06 00 01 03 04 06

V- COM(V+) COM | 05 | o7 JCOM| 02 JCcOM| 05 | 07
CIO 100 CIlO 101
Note (1) COM(V+) has been connected with V+ in inner circuit.

(2) V+/V- input terminals are used as the power supply terminals for
CI0100.00 to CIO100.03. Supply the power of 24 VDC when using
Cl0100.00 to C10100.03.

I1/0 Terminal Blocks of CPU Units with 30 I/O Points
Input Terminal Block (Top Block)

+ - |cOmM| o1 03 | 05 [ 07 | 09 11 01 03 | 05

NC @ 00 | 02 04 [ 06 [ 08 | 10 00 | 02 | 04 | NC
Inputs (CIO 0) Inputs (CIO 1)

31



Specifications Section 2-2

Output Terminal Block (Bottom Block)

Relay Output Models (CP1L-EM30DR-D)

NC 00 01 02 04 05 07 00 02

NC | com|com |com| o3 | com| 06 | com| o1 | 03

CIO 100 ClO 101
Sinking Transistor Output Models (CP1L-EM30DT-D)

V+ 00 01 02 04 05 07 00 02

V- COM(V-) 03 | COM| 06 | com| o1 | 03
CIO 100 CIO 101
Note (1) COM(V-) has been connected with V- in inner circuit.

(2) V+/V- input terminals are used as the power supply terminals for
CI0100.00 to CIO100.03. Supply the power of 24 VDC when using
Cl0100.00 to C10100.03.

Sourcing Transistor Output Models (CP1L-EM30DT1-D)

V+ 00 01 02 04 05 07 00 02

V- COM(V+) 03 | COM| 06 | com| O1 03
CIO 100 CIO 101
Note (1) COM(V+) has been connected with V+ in inner circuit.

(2) V+/V- input terminals are used as the power supply terminals for
CI0100.00 to CIO100.03. Supply the power of 24 VDC when using
Cl0100.00 to C10100.03.

I1/0 Terminal Blocks of CPU Units with 20 I/0 Points
Input Terminal Block (Top Block)

+ - |[COM| o1 03 | 05 | 07 | 09 11

NC @ 00 | 02 04| 06 | 08 | 10
Inputs (CIO 0)

Output Terminal Block (Bottom Block)

Relay Output Models (CP1L-EL20DR-D)

NC 00 01 02 04 05 07

NC |COM] cOM]COM| 03 Jcom| 06

CIO 100
Sinking Transistor Output Models (CP1L-EL20DT-D)

V+ 00 01 02 04 05 07

% COM(V-) 03 Jcom | 06

CIO 100
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Note (1) COM(V-) has been connected with V- in inner circuit.
(2) V+/V- input terminals are used as the power supply terminals for
CI0100.00 to CIO100.03. Supply the power of 24 VDC when using
Cl0100.00 to C10100.03.
Sourcing Transistor Output Models (CP1L-EL20DT1-D)
V+ | 00 01 | 02 | 04 | 05 07
V- COM(V+) 03 | com| 06
CIlO 100
Note (1) COM(V+) has been connected with V+ in inner circuit.

(2) V+/V- input terminals are used as the power supply terminals for
CIO100.00 to CIO100.03. Supply the power of 24 VDC when using
Cl0100.00 to C10100.03.

Allocating Built-in Input and Output Terminals

Setting Input Functions Using PLC Setup

Address Input operation settings High-speed counters Origin searches
Word | Bit | Normal | Interrupt Quick- Operation settings: Origin searches
inputs inputs response High-speed counters enabled enabled for pulse
(See note.) inputs Phase-Z reset outputs 0 and 1
Single-phase | Two-phase (differential
(increment phase x4, up/down, or
pulse input) pulse/direction)
CIO0 |00 |Normal Counter 0, incre- | Counter 0, A phase, up, |---
input 0 ment input or count input
01 |Normal Counter 1, incre- | Counter 0, B phase,
input 1 ment input down, or direction input
02 |Normal Counter 2, incre- | Counter 1, A phase, up, |---
input 2 ment input or count input
03 |Normal Counter 3, incre- | Counter 1, B phase,
input 3 ment input down, or direction input
04 |Normal Interrupt Quick- Counter 0, Counter 0, phase-Z reset | ---
input 4 input 0 response phase-Z/reset input
input 0 input
05 |[Normal |Interrupt Quick- Counter 1, Counter 1, phase-Z reset | ---
input 5 input 1 response phase-Z reset input
input 1 input
06 |Normal |Interrupt Quick- Counter 2, Pulse output 0: Origin
input 6 input 2 response phase-Z reset input signal
input 2 input
07 | Normal Interrupt Quick- Counter 3, --- Pulse output 1: Origin
input 7 input 3 response phase-Z reset input signal
input 3 input
08 |Normal |Interrupt Quick-
input 8 input 4 response
input 4
09 |Normal Interrupt Quick-
input 9 input 5 response
input 5
10 |Normal |--- Pulse output 0: Origin
input 10 proximity input signal
11 |Normal |--- Pulse output 1: Origin
input 11 proximity input signal
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Address Input operation settings High-speed counters Origin searches
Word | Bit | Normal | Interrupt Quick- Operation settings: Origin searches
inputs inputs response High-speed counters enabled enabled for pulse
(See note.) inputs Phase-Z reset outputs 0 and 1
Single-phase | Two-phase (differential
(increment phase x4, up/down, or
pulse input) pulse/direction)
ClIO1 {00 |Normal |--
input 12
01 |Normal
input 13
02 |Normal |---
input 14
03 |Normal |---
input 15
04 |Normal
input 16
05 |Normal |---
input 17
06 |[Normal |---
input 18
07 |Normal
input 19
08 |[Normal |---
input 20
09 |[Normal |---
input 21
10 |Normal |---
input 22
11 |[Normal |---
input 23
Note The bits CIO 1.06 to CIO 1.11 cannot be used for CPU Units with 30 I/O
points.
The bits CIO 1.00 to CIO 1.11 cannot be used for CPU Units with 20 1/O
points.
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Setting Output Functions Using Instructions and PLC Setup

Address When the When a pulse output When origin searches are When the PWM
instructions to instruction (SPED, ACC, enabled in the PLC Setup, instruction is
therightare not | PLS2, or ORG) is executed and an origin search is executed
executed executed with ORG
instruction
Word Bit | Normal outputs Fixed duty ratio pulse output Variable duty ratio
pulse output
cw/cCcw Pulse plus + When the origin search PWM output
direction function is used
CIO 100 |00 |Normal output 0 |Pulse output O |Pulse output 0O |---
(CW) (pulse)
01 Normal output 1 | Pulse output O | Pulse output O |--- PWM output O
(CCw) (direction)
02 |Normal output 2 |Pulse output 1 | Pulse output 1 |---
(CW) (pulse)
03 |Normal output 3 |Pulse output 1 | Pulse output 1 |--- PWM output 1
(CCw) (direction)
04 |Normal output4 |--- - Origin search 0 (Error counter | ---
reset output)
05 |Normal output5 |--- Origin search 1 (Error counter | ---
reset output)
06 |Normal output6 |---
07 |Normal output7 |--- ---
CIO 101 |00 |Normal output8 |---
01 Normal output 9 | ---
02 |Normal output 10 | --- ---
03 |Normal output 11 | --- -
04 |Normal output 12 | ---
05 |Normal output 13| ---
06 |Normal output 14 | --- ---
07 |Normal output 15 | --- ---

Note

Input Specifications

Normal Inputs

The bits CIO 101.04 to CIO 101.07 cannot be used for CPU Units with 30 I/O

points.

The bits CIO 101.00 to CIO 101.07 cannot be used for CPU Units with 20 I/O

points.

Item

Specification

High-speed Counter Inputs

Interrupt Inputs and
Quick-response Inputs

Normal inputs

ClO 0.00 to CIO 0.03 CIO 0.04 to CIO 0.09 (See ClO 0.10 to CIO 0.11 and
note 1.) CIO 1.00 to CIO 1.11 (See
note 2.)
Input voltage 24 VDC +10%/_1 5%
Applicable inputs 2-wire and 3-wire sensors
Input impedance 3.0 kQ 3.0 kQ 4.7 kQ
Input current 7.5 mA typical 7.5 mA typical 5 mA typical
ON voltage 17.0 VDC min. 17.0 VDC min. 14.4 VDC min.

OFF voltage/current

1 mA max. at 5.0 VDC max.

1 mA max. at 5.0 VDC max.

1 mA max. at 5.0 VDC max.

ON delay

2.5 us max.

50 ps max.

1 ms max. (See note 3.)
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Item Specification
High-speed Counter Inputs Interrupt Inputs and Normal inputs
Quick-response Inputs
ClO 0.00 to CIO 0.03 CIO 0.04 to CIO 0.09 (See ClO 0.10 to CIO 0.11 and
note 1.) CIO 1.00 to CIO 1.11 (See
note 2.)
OFF delay 2.5 us max. 50 ps max. 1 ms max. (See note 3.)
Circuit configuration
Input bits: CIO 0.00 to CIO 0.03
IN el
_—a{ Input LED [
_Li 1 1000 pF !
1 w | 2oke gl 1. T-=F]| Internal
e 3T Ty | circuits
com! 1
Input bits: CIO 0.04 to CIO 0.09
IN - - - B el ]
—_{ Input LED
_Li o 1000 pF 1
I qs.cﬂu sl TF-2H | internal
i 5T T -] circuits
comi 1
Input bits: CIO 0.10 to CIO 0.11, CIO 1.00 to CIO 1.11
IN - - h ) el T
_—{ Input LED [
5 -
i PR al [ FF--F| Internal
T N 8% I1~K | circuits
o comi 1
Note (1) High-speed counter inputs, interrupt inputs, and quick-response inputs

can also be used as normal inputs.
(2) The bits that can be used depend on the model of CPU Unit.

(3) The response time is the hardware delay value. The delay set in the PLC
Setup (0 to 32 ms, default: 8 ms) must be added to this value.

High-speed Counter Inputs
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Bit Differential Pulse plus Up/down input Increment
phase mode | direction input mode mode
mode

CIO 0.00, |A-phase pulse |Pulse input Increment pulse | Increment pulse
ClO0 0.02 |input input input
ClO 0.01, |B-phase pulse |Directioninput |Decrement Normal input
CIO 0.03 |input pulse input
CIO 0.04, |Z-phase pulse input or hardware reset input (Can be used as ordinary
CIO 0.05 |inputs when high-speed counter is not being used.)
Max. count | 50 kHz (4x) 100 kHz
frequency
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Input Bits for High-speed Counters
Counter Single phase Phase A Phase B Phase Z
High-speed counter 0 | CIO 0.00 CIO 0.00 CIO 0.01 CIO 0.04
High-speed counter 1 | CIO 0.01 CIO 0.02 ClO 0.03 ClO 0.05
High-speed counter 2 | CIO 0.02
High-speed counter 3 | CIO 0.03

Interrupt Inputs and
Quick-response Inputs

Pulse plus direction input mode,

Increment mode
Up/down input mode

rm.o us min. —|

koo

50 us
min.

50 us
min.

Differential phase mode

20.0 ps min.
w [
oFF—/ N S
ON o {o o
OFF L’ﬁ 3

T1, T2, T3, T4: 2.5 us min.

With CPU Units with 20, 30 or 40 I/O points, the six input bits from CIO 0.04 to
CIO 0.09 can be used as either normal inputs or as interrupt or quick-
response inputs depending on the settings in the PLC Setup.

Input bits Interrupt inputs Quick-response inputs
CIO 0.04 Interrupt input O Quick-response input 0
CIO 0.05 Interrupt input 1 Quick-response input 1
CIO 0.06 Interrupt input 2 Quick-response input 2
ClO 0.07 Interrupt input 3 Quick-response input 3
CIlO 0.08 Interrupt input 4 Quick-response input 4
CIO 0.09 Interrupt input 5 Quick-response input 5
Output Specifications
Relay Outputs
Item Specification
Max. switching capacity 2 A, 250 VAC (cosd = 1)
2 A, 24 VDC (4 A/common)
Min. switching capacity 10 mA, 5VDC
Service life | Electrical Resistive 100,000 operations (24 VDC)
of relay load
Inductive 48,000 operations (250 VAC, cos$ = 0.4)
load
Mechanical 20,000,000 operations
ON delay 15 ms max.
OFF delay 15 ms max.
Circuit configuration r - -
| |—:—| Output LED
‘ Internal E-- i
circuits [ 1 TT
1 coMm I\_/Ie_iximum
|_ 250 VAC: 2 A
- - - 24VDC:2 A
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Note (1) Under the worst conditions, the service life of output contacts is as shown
above. The service life of relays is as shown in the following diagram as
a guideline.
500 I T I I
300 125 VAC resistive load
\ 30 VDC/250 VAIC re?istiveI load
100 — bt
R ‘\ 30VDCt=7ms
5 %0 N
x 30
o 20 1
5 /\\\
10 e <~
|
5125 VAIC cos¢=|0.4| ] L
3 —— 250 VAC cos¢ = 0.4
2
0.1 02 03 05 07 1 2 3 5 10

Contact current (A)
(2) There are restrictions imposed by the ambient temperature.
CPU Units with Relay Outputs (CP1L-ELILILIDR-D)

Relay Output Load Current Derating Curves for CPU Units and Expansion
I/0O Units

CP1L-EL20DR-D

CP1L-EM30DR-D CP1L-EM40DR-D

100% 100% 100%
Power voltage: -~ Power voltage: 7 ~
21.6VDC 21.6VDC Power
voltage:
21.6VDC
50% / 50% / 50%
Power voltage: Power voltage: Power
20.4VDC 20.4VDC voltage:
20.4VDC
0% 0% 0%
40 45 55°C 35 45 55°C 3035 50 55°C

Ambient temperature Ambient temperature Ambient temperature

Note The above restrictions, apply to the relay output load current from
the CPU Unit even if Expansion I/O Units are not connected.

Transistor Outputs (Sinking or Sourcing)

Normal Outputs

Item

Specification

C10 100.00 to CIO 100.03 | Cl0 100.04 to CIO 101.07 (See note.)

Max. switching
capacity

4.5 to 30 VDC, 300 mA/output, 0.9 A/common, EM40DLI-D 3.6 A/Unit
EM30DLI-D 2.7 A/Unit
EL20D[I-D 1.8 A/Unit

Min. switching capacity

4.5t030VDC, 1 mA

Leakage current 0.1 mA max.
Residual voltage 0.6 V max. [1.5 V max.
ON delay 0.1 ms max.
OFF delay 0.1 ms max. | 1 ms max.
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Item Specification
ClO 100.00 to CIO 100.03 | CIO 100.04 to CIO 101.07 (See note.)
Fuse None
Circuit configuration ¢ Normal outputs CIO 100.00 to CIO 100.03 ¢ Normal outputs CIO 100.04 to CIO 101.07
(Sinking Outputs) (Sinking Outputs)
o o e
L
|| e 2 ymois
1
L

Internal
circuits

|
!
\ O
!
|

[+

Internal
circuits

1 24 vber
L20.4 to --

¢ Normal outputs CIO 100.00 to CIO 100.03
(Sourcing Outputs)

Internal
circuits

I ] Internal
Zp s
} > circuits

I

|

! Vd

‘ mam
l

I

L 24 VDC/

26.4VDC

(Sourcing Outputs)

Internal
circuits

204 to ——
26.4VDC

* Normal outputs CIO 100.04 to CIO 101.07

24 VDC/4.5
to 30 VDC

Note

The bits that can be used depend on the model of the CPU Unit.

&Caution Do not connect a load to an output terminal or apply a voltage in excess of the
maximum switching capacity.

Pulse Outputs (CIO 100.00 to CIO 100.03)

Note

Item

Specification

Max. switching capacity

30 mA/4.75 to 26.4 VDC

Min. switching capacity

7 mA/4.75 to 26.4 VDC

Max. output frequency

100 kHz

Output waveform

10% —-

ON

==

[ B,

' 4pusmin. |

The OFF and ON refer to the output transistor. The output

transistor is ON at level “L.

2 us min.

(1) The load for the above values is assumed to be the resistance load, and
does not take into account the impedance for the connecting cable to the

load.

(2) Due to distortions in pulse waveforms resulting from connecting cable im-
pedance, the pulse widths in actual operation may be smaller than the
values shown above.
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PWM Outputs (CIO 100.01 and CIO 100.03)

Item

Specification

Max. switching capacity

30 mA/4.75 to 26.4 VDC

Max. output frequency

32.8 kHz

PWM output accuracy

For ON duty +1%, —0%:10 kHz output
For ON duty +5%, —0%: 0 to 32.8 kHz output

Output waveform

OFF ;

ON

E I ton

ON duty = tOTN « 100%

The OFF and ON refer to the output transistor. The output
transistor is ON at level “L.

2-2-4 Built-in Analog Input Specifications

Built-in Analo

Input Terminal Block Arrangement

Analog Input Specifications

| V2 |COM | \'A Voltage Input 1
t V2 Voltage Input 2
A643 COM Input Common

AB42
Item Specification

Number of inputs

2 inputs (2 words allocated in the AR Area)

Input signal range

Voltage input: 0 Vto 10 V

Max. rated input

OVtoi15V

External input impedance

100 KQ min.

Resolution

1/1000 (full scale)

Overall accuracy

25°C: £2.0% (full scale)
0 to 55°C: £3.0% (full scale)

A/D conversion data

0000 to 03E8 hex

Averaging function Not supported
Conversion time Same as PLC cycle time
Isolation method None

2-2-5 CP-series Expansion I/O Unit I/O Specifications
Input Specifications (CP1W-40EDR/40EDT/40EDT1/20EDR1/20EDT/20EDT1/8ED)

40

Item

Specification

Input voltage

24 VDC *10%/_4 g0,

Input impedance 4.7 kQ

Input current 5 mA typical

ON voltage 14.4 VDC min.

OFF voltage 5.0 VDC max.

ON delay 1 ms max. (See note 1.)
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Note

Output Specifications

Item

Specification

OFF delay

1 ms max. (See note 1.)

Circuit configuration

T
|

Input LED |_r_|

_"N{ i
I_ IN 4.'7“1&2
|

750 Q
T
| ]
T T
13
Fall

Internal
circuits

cav

.

(1) The response time is the hardware delay value. The delay set in the PLC
Setup (0 to 32 ms, default: 8 ms) must be added to this value. For the
CP1W-40EDR/EDT/EDT1, a fixed value of 16 ms must be added.

(2) Do not apply voltage in excess of the rated voltage to the input terminal.

Relay Outputs (CP1W-40EDR/32ER/20EDR1/16ER/SER)

Note

Item

Specification

Max. switching capacity

2 A, 250 VAC (cosd = 1),
2 A, 24 VDC (4 A/common)

Min. switching capacity 5VDC, 10 mA
Service life | Electrical Resistive 150,000 operations (24 VDC)
of relay load
(See note.) Inductive | 100,000 operations (240 VAC, cos¢ = 0.4)
load
Mechanical 20,000,000 operations
ON delay 15 ms max.
OFF delay 15 ms max.

Circuit configuration

= -

| - Output LED

1
Internal ,—-?-- i
circuits e 1 o
. com Maximum
|_ 250 VAC:2 A
- - - 24VDC:2 A

(1) Under the worst conditions, the service life of output contacts is as shown
above. The service life of relays is as shown in the following diagram as

Switching rate: 1,800 operations/hour

a guideline.
120 VAC resistive load
200 N 24VDCt=7ms |
200 120 VAC cost = 0.4
100 Nl 240 VAC cos¢d = 0.4
24 VDC/240 VAC resistive load
N X
—~ 50 |
2 30 ™
X
X 4 ™
2 N
= 10 AN
N
5
3
2
0.1 02 03 05 07 1 2 3 5

Contact current (A)
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(2) With the CP1W-32ER/CP1W-16ER, the load current is restricted de-
pending on the ambient temperature. Design the system considering the
load current based on the following graph.

Output load current(%)

-
o
o

50

55

Ambient temperature(°C)

(3) CP1W-32ER's maximum number of simultaneously ON output points is
24 (75%). Design the system considering the simultaneously ON points
and load current based on the following curve.

Simultaneously ON points(%)

75

Ambient temperature(°C)

55

(4) There are restrictions imposed by the ambient temperature.

Relay Output Load Current Derating Curves for Expansion 1/0 Units (CP1W-
8ER/16ER/20EDR1/32ER/40EDR)

Added to CP1L-EL20DR-D

100%

Added to CP1L-EM30DR-D

100%

Added to CP1L-EM40DR-D

Power voltage: =}
21.6 VDC

50%

Power voltage:
20.4VDC

0%

100%

Power voltage: |

Power voltage: ~}

21.6 VDC 21.6 VDC

50% Z 50% yl
Power voltage: Power voltage:
20.4VDC 20.4VDC

40 50 55°C
Ambient temperature

0%

35 45 55°C
Ambient temperature

0%

35 45 55°C
Ambient temperature

Added to CP1L-EL20DTL-D

100%

Added to CP1L-EM30DTLI-D

100%

Added to CP1L-EM40DTLI-D

100%

Power voltage: =}
21.6 VDC

50%

Power voltage:
20.4VDC

0%

Power voltage: |

Power voltage: —j

21.6 VDC 21.6 VDC

50% / 50% Z
Power voltage: Power voltage:
20.4VDC 20.4VDC

40 5055°C
Ambient temperature

0%

35 45 55°C
Ambient temperature

0%

35 45 55°C
Ambient temperature
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Transistor Outputs (Sinking or Sourcing)

Item Specification
CP1W-40EDT CP1W-32ET CP1W-20EDT CP1W-16ET CP1W-8ET
CP1W-40EDT1 CP1W-32ET1 CP1W-20EDT1 CP1W-16ET1 CP1W-8ET1
Max. switching 4.5t0 30 VDC 4.5t0 30 VDC 24 VDG 10%/ 59 4.5t0 30 VDC *OUTO00/01 4.5 to
capacity 0.3 A/output 0.3 A/output 0.3 A/output_ ° 0.3 Aloutput 30 VDC, 0.2 A/
(See note2.) ) output
*OUT02t0 07 4.5
to 30 VDC, 0.3
Aloutput
0.9 A/common 0.9 A/common 0.9 A/common 0.9 A/common 0.9 A/common
3.6 A/Unit 7.2 A/Unit 1.8 A/Unit 3.6 A/Unit 1.8 A/Unit
Leakage current 0.1 mA max. 0.1 mA max. 0.1 mA max. 0.1 mA max. 0.1 mA max.
Residual voltage 1.5V max. 1.5V max. 1.5V max. 1.5V max. 1.5 V max.
ON delay 0.1 ms max. 0.1 ms max. 0.1 ms. 0.1 ms max. 0.1 ms max.
OFF delay 1 ms max. 1 ms max. 1 ms max. 1 ms max. 1 ms max.
24 VDC *10%/ g0, |24 VDC *19%/_go, |24 VDC *19%/ g0, |24 VDC *19%/ 5o, | 24 VDC +10%/ oo,
5to 300 mA 510300 mA 5to 300 mA 51to0 300 mA 510 300 mA

Max. number of
Simultaneously
ON Points of Output

16 pts (100%)

24 pts (75%)

8 pts (100%)

16 pts (100%)

8 pts (100%)

Fuse (See note 1.)

1 fuse/common

Circuit configuration

Sinking Outputs

]

Internal
circuits

Sourcing Outputs

1
1
24VDC/4.5 |
to 30 VDC :

Output LED
F"/ﬂ

Internal (
circuits

24VDC/4.5
to 30 VDC

(1) The fuse cannot be replaced by the user.

(2) If the ambient temperature is maintained below 50°C, up to 0.9 A/com-

Total current for common

mon can be used.

(A

0.9

o
©

| | |

| J

50 55(°C)

Ambient temperature

&Caution Do not connect a load to an output terminal or apply a voltage in excess of the
maximum switching capacity.
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2-3 CP1L-EL/EM CPU Unit Operation

2-3-1 Overview of CPU Unit Configuration
The CP1L-EL/EM CPU Unit memory consists of the following blocks.

lq------

Built-in inputs

q-=-=-=-=--
q--=-~---
q-=-=-=---
q------
q------

CPU Unit

External analog
setting input

(1)

(3)

44

RAM
®)
User program [
Flash memory L Memory \
M L User Cassette
™ program
Comment
l T Access memory (3)]
I/0 memory FB program | @
»{ AR Area memory 3
DM Area JSJ:
DM Area < 2 initial values i
S |e '
—} » PLC Setup
and other
PLC Setup ™) parameters
and other
parameters ¢
(©)
vy v Y v v
~~ _

Built-in outputs

* Data is backed up from RAM to the built-in flash memory when
changes are made, e.g., from the CX-Programmer.

* When the power supply is turned ON, data is transferred from the built-
in flash memory to RAM.

* A CX-Programmer operation can be used to transfer DM Area initial
values from RAM to the built-in flash memory.

* The PLC Setup can be set so that DM Area initial values are trans-
ferred from the built-in flash memory to RAM when the power supply
is turned ON.

* CX-Programmer operations can be used to transfer data from RAM to
the Memory Cassette or from the built-in flash memory to the Memory
Cassette.
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User Program

I/0 Memor

Parameter Area

PLC Setup

Routing Tables

* When the power supply is turned ON, data is transferred from the
Memory Cassette to the built-in flash memory and RAM. Data can also
be transferred from the Memory Cassette to the built-in flash memory
and RAM using the CX-Programmer.

The user program consists of up to 288 tasks, including interrupt tasks. Each
task is programmed from the CX-Programmer and then transferred to the
CPU Unit.

There are two types of tasks: cyclic tasks and interrupt tasks. Cyclic tasks are
executed once each cycle and interrupt tasks are executed only when the
interrupt conditions are met. There can be up to 32 cyclic tasks and up to 256
interrupt tasks. Cyclic tasks are executed in the order of the task numbers.

Instructions programmed in the tasks are executed in order from the first
instruction and then 1/0 memory is refreshed. When all cyclic tasks have been
executed, I/0O refreshing with PLC Units is performed and then the cyclic tasks
are executed again starting from the one with the lowest task number. This is
called the cyclic scan method.

The I/O memory area is a RAM area read and written by the user. Some parts
of the I/O memory are cleared when the power is interrupted. Other parts are
maintained. There are parts that used for data exchange with PLC Units and
parts that are used internally.

There are two ways to refresh the parts of I/O memory used for data
exchange with PLC Units: Once each program execution cycle and immedi-
ately when needed when executing specific instructions.

In addition to the I/O memory used as instructions operands by the user, there
is also a separate memory area that can be manipulated only from the CX-
Programmer. This area, called the parameter area, contains the following.

e PLC Setup
* Routing tables

The PLC Setup contains configuration parameters that can be set by the user
to define the basic specifications of the CPU Unit. Included are serial port set-
tings, a minimum cycle time setting, and other parameters. For details, refer to
the CX-Programmer Operation Manual.

Tables specifying the communications paths from the Communications Units
on the local PLC to remote PLCs connected on other networks must be regis-
tered in all the CPU Units in network PLCs to send and receive data between
networks. These tables are called the routing tables. The routing tables con-
sist of the relay network table and local network table.

Routing tables are created from the CX-Programmer or Support Software for
Communications Units (e.g., CX-Integrator) and then transferred to each CPU
Unit.
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Node M

Relay Network Table for PLC 1

Unit number n

PLC 4

Remote Relay Relay
Network 2 network network node
p.ca \| _ Pc2 | PLC 1 3 1 N
Relay Network Table for PLC 2
Remote Relay Relay
network network node
Network 1 3 2 M
Local Network Table for PLC 3
Node N
Local Unit
network number
3 n

Built-in Flash Memory

Memory Cassette

46

Note

Remote Network Table

The remote network tables lists the node number and network address of the
first relay node that must be passed through to reach any remote network to
which the PLC is not directly connected. Once the routing tables have been
registered, any remote network can be reached by passing through relay
nodes.

Local Network Table

The local network table contains the unit number and network address of all
Communications Units that are part of the local PLC.

Flash memory is built into the CP1L-EL/EM CPU Units. Data in the following
areas is automatically backed up to the flash memory whenever it is written in
any way other than by instructions in the user program, e.g., when the CX-
Programmer or PT is used to transfer or edit data, edit the program online, or
transfer data from a Memory Cassette.

* User program area
* Parameter area (PLC Setup and routing tables)

The next time the power supply is turned ON, the data in the built-in flash
memory is automatically transferred to user memory (i.e., the user program
area and parameter area).

It is also possible to save data from data areas in I/O memory in the built-in
flash memory using operations from the CX-Programmer.

The symbol table, comment file, and program index file can be stored in the
comment memory in flash memory. When the program is transferred from the
CX-Programmer to the CPU Unit, function block program information is also
stored automatically in flash memory.

The BKUP indicator on the front of the CPU Unit will light whenever the built-in
flash memory is being written or the Memory Cassette is being accessed.
Never turn OFF the power supply to the CPU Unit when the BKUP indicator is
lit.

Memory Cassettes can be used as required in system operation and mainte-
nance. For example, they can be used to save programs, data memory con-
tents, PLC Setup data, or I/O comments from the CX-Programmer. The
contents of a Memory Cassette can also be automatically transferred if
desired.
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2-3-2 Flash Memory Data Transfers

Built-in Flash Memory
Writing to Flash Memory

Data

Transfer method

User program and
parameter data

This data is automatically transferred from RAM to flash mem-
ory when a project is transferred from the CX-Programmer,
when the data is written to RAM from a PT or other external
device, or when the data is transferred from a Memory Cas-
sette.

DM Area data

This data is transferred to flash memory only when the trans-
fer is specified from the CX-Programmer.

Comment memory
data

This data is written to flash memory when a project is trans-
ferred from the CX-Programmer and transferring comment
memory is specified.

Function block
source data

This data is written to flash memory when a project containing
one or more function blocks is transferred from the CX-Pro-
grammer.

Write operation from CX-Programmer
or automatic transfer from Memory

Cassette at startup.
L =]

CPU Unit

RAM Built-in flash memory

Write

1

1
User program :
area |

User program
area

Alondiowc

Write

Parameter area

I
:
|
|
|

; N
Automatic write
|

|

|

|

I

|

|

1
1
1
1
1
1
u

Automatic write |
|

Parameter area

I/O memory area

1
' Write operation

1to flash memory

e e e i

N LT 4

| Battery

-

H I
DM Area 1 v DM Area initial
| Write values

Backup :

Write (comment memory specified)

Write

area

A\ 4

FB source memory

|
|
|
I
! I | Comment memory
|
[
[
|
i

FB = Function block
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Reading from Flash

Memory
Data Read method
User program and This data is automatically read to RAM when power is turned
parameter data ON.
DM Area data Reading this data when power is turned ON can be enabled or

disabled in the PLC Setup.

Comment memory | When the project is transferred from the CX-Programmer,

data comment memory can be specified as a destination to transfer
the comment memory data to built-in flash memory.

Function block When a project that contains function blocks is transferred

source data from the CX-Programmer, the function block source data is

transferred to built-in flash memory.

CPU Unit

RAM Built-in flash memory

User program area /‘4—' User program
prog A area

uto read
N |

I
I I
: Power I

[
|
|
|
|
|
|
|
|
|
|
|
|
: 1, ON |
|
: Parameter area Auto read| Parameter area
I
|
|
|
|
|
|
|
|
|
|
|
|
|

| |
| When power-ON

I transfer is specified
I/O memory area : in PLC Setup.
I
. l
DM Area ' ! DM Area initial
Auto read values
| |
[Battery jmmmip>1 | |
Backup | I :
———————————————— | Comment
I memory area
I FB source
I memory area

FB = Function block
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2-3-3 Memory Cassette Data Transfers

Writing to a Memory Cassette

Data Method Source
User program and Data is written to a Memory Data in the built-in flash mem-
parameter data Cassette using write opera- ory is written to the Memory
tions from the CX-Program- | Cassette.
Comment memory | Mer Either of both of the following
and function block can be transferred to the
source data Memory Cassette.
DM Area data * Data in the built-in flash
memory.
¢ Data in RAM.
Memory

Cassette write
operation from

CPU Unit = | CX-Programmer

RAM Built-in flash memory | | Memory Cassette
1 e
| -
|
User program ! i| Userprogram |11 u
area i i ser program
] I area B P
: I ! area
! |
! |
; I
1 I
! Parameter area | | Parameter area Parameter area
|
I I 1
I ] 1
I | /0 memory 1 !
1| area ! i
i I |
i | ! i
! DM Area DM Areainitial | K| DM Area initial
: i : values values
[Battery Jumslp1 ! ! I
|
Backup ! ! i I
T | |i[oomme 1| e
| | memory area memory area
{ | FB source I FB sou?lce
i Lmemory area | memory area
FB = Function block dD;\fa’}:gf‘n RAM

49



CPIL-EL/EM CPU Unit Operation

Section 2-3

Reading from a Memory Cassette

50

Data

Method

Destination

User program and
parameter data

This data is transferred by
turning SW2 on the DIP
switch to ON and turning ON
the power supply.

Comment memory
and function block
source data

DM Area data

Data in the Memory Cassette
is transferred to RAM and
then automatically transferred
to the built-in flash memory.

Data is transferred to the built-
in flash memory.

DM Area data originally from
the built-in flash memory is
transferred back to the flash
memory and DM Area data
originally from RAM is trans-
ferred to RAM.

CPU Unit

User program
area

Parameter
area

Power turned ON with SW2 turned ON
RAM

Memory Cassette

| area
v

| |
| |
|
i User program ! User program
| |
|

area

Parameter area

I/O memory area

DM Area

Parameter area

DM Area initial
values

Comment
memory area

FB source
memory area

DM Area initial
values

Comment

memory area

FB source
memory area

FB = Function block

DM Area

data from RAM
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2-4 CPU Unit Operation

2-4-1 General Flow

The following flowchart shows the overall operation of the CPU Unit. First the
user program is executed and then I/O is refreshed and peripheral servicing is

performed. These processes are then repeated in cyclic fashion.

Power ON

l

Startup o

initialization Initialize hardware Clear I/O memory.
memory and system work Check user memory.
area. Clear forced status, etc.
Detect I/O.

Automatically transfer data
from Memory Cassette.

!

Or\éec':sseiLng Check the Battery. Check user program
p 9 Read DIP switch settings. memory.
Check I/O bus.

Program

execution Operation processing: Execute the user program.
Error processing: Turn OFF outputs. (Reset Units
for bus errors.)

After error: Clear I/0O memory if an error occurs
(unless a FALS(007) instruction created the error).

Il

Cycle time

I/O refreshing Refresh data for the following Units.

(even in CP-series Expansion Units and Expansion I/O Units
PROGRAM

mode)

Peripheral Perform the following servicing if any events have occurred.
servicing Ethernet port servicing

Serial port servicing

Communications port servicing
Built-in flash memory access servicing
Memory Cassette access servicing
Online editing
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2-4-2
1/0 Refreshing

Peripheral Servicing

Note
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I/0 Refreshing and Peripheral Servicing

I/O refreshing involves cyclically transferring data with external devices using
preset words in memory. I/O refreshing includes the following:

* Refreshing between I/O words in the CIO Area and CPU Unit built-in 1/0,
CP-series Expansion Units, and CP-series Expansion I/O Units.

All I/O refreshing is performed in the same cycle (i.e., time slicing is not used).
I/O refreshing is always performed after program execution.

Units Max. data exchange Data exchange area

CPU Unit built-in 1/10 2 input words I/0 Bit Area

2 output words

CP-series Expansion Units Fixed depending on Units | I/O Bit Area

and Expansion I/O Units

Peripheral servicing involves servicing non-scheduled events for external
devices. This includes both events from external devices and service requests
to external devices.

Most peripheral servicing involves FINS commands. The specific amount of
time set in the system is allocated to each type of servicing and executed
every cycle. If all servicing cannot be completed within the allocated time, the
remaining servicing is performed the next cycle.

Service Description

Ethernet port servicing * Non-scheduled servicing for communications

(either sending or receiving) via the Ethernet port.

Serial port servicing * Non-scheduled servicing for FINS or Host Link
commands received via a serial port from the CX-
Programmer, PTs, or host computers (e.g.,
requests for program transfers, monitoring, forced-
set/reset operations, or online editing)

* Non-scheduled servicing from the CPU Unit trans-

mitted from a serial port (non-solicited communica-

tions)
Communications port servic- | Servicing to execute network communications or
ing serial communications for the SEND, RECV, CMND

instructions using communications ports 0 to 7
(internal logical ports)

e Servicing to execute background execution using
communications ports 0 to 7 (internal logical ports)

Built-in flash memory access
servicing

* Read/write processing for built-in flash memory

Memory Cassette access ser- | » Read/write processing for a Memory Cassette

vicing

(1) Ethernet port, serial port, and communications port servicing is allocated
8% of the previous cycle time by default (the default can be changed) for
each service. If servicing is separated over many cycles, delaying com-
pletion of the servicing, set the same allocated time (same time for all ser-
vices) rather than a percentage under execute time settings in the PLC
Setup.

(2) An error will be occurred if the cycle time is too long. Modify the CX-Pro-

grammer’s response monitoring time longer according to the following
method.
Start the CX-Programmer. Select Change Model from the PLC Menu.
The Change PLC Dialog Box will be displayed. Click the Settings Button
on the right side of Network Type. The Network Settings [USB] Dialog
Box will be displayed. Click the Network Tab and increase the value in
Response Timeout(s).
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2-4-3 1/0 Refresh Methods

I/0O for CPU Unit built-in 1/0 and 1/0 on CP-series Expansion Units and Expan-
sion I/0O Units is performed at the following times.

1,2,3... 1. Cyclic refresh period
2. When instructions with an immediate refresh variation are executed
3. When IORF(097) is executed

Cyclic Refreshing /0 is refreshed after all the instructions in executable tasks have been exe-
cuted.
END(001) } Task
Cycle /_W} Task
END(001) } Task 0 ©
I/O refresh period —_— /O terminal
¢ status
' [ ]
o) o
Immediate Refreshing When the immediate refreshing variation of an instruction is specified and the

instruction’s operand is an input bit or word in the Built-in I/O Area, the word
containing the bit or the word itself will be refreshed.
I/O terminal status (built-in 1/0)

Immediate refresh 15 11 0
ILD 0.00 < Cloo \ | |

15 7 0
IouT 10000 ———  ClO100 | | |

15 11 0
IMOV 1 101 +——— clot1 [ | |
—» cClo101 | | |
Note (1) Immediate refreshing is possible only for the Built-in I/O Area. Use
IORF(097) for I/O on CP-series Expansion Units and Expansion 1/O
Units.

(2) Refreshing Range

e Bit Operands
The ON/OFF status of the 16 I/O points allocated to the word contain-
ing the specified bit will be refreshed.

* Word Operands
The ON/OFF status of the 16 I/O points allocated to the specified word
will be refreshed.

(3) Refresh Timing
¢ Input or source operands are read just before the instruction is executed.

e Qutput or destination (results) operands are written just after the in-
struction is executed.
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(4) Using instructions with the immediate refresh option, instruction execu-
tion time will be increased, increasing the overall cycle time. Be sure to
confirm that this will not adversely affect system operation.

IORF(097) Refreshing When IORF(097) (I/O REFRESH) is executed, the 1/O bits in the specified
range of words are refreshed. IORF(097) can be used for CP-series Expan-
sion Units and CP-series Expansion 1/O Units.

“ | IoRF

St: Starting word

St E: End word
All the words from St to E, inclusive

E are refreshed.

Example
IORF Here, the four words from CIO 2
2 to CIO 5 are refreshed.
5

If high-speed response is required from input to output, execute IORF(097)
before and after the relevant instructions.

Note IORF(097) has a relatively long execution time which increases with the num-
ber of words being refreshed. Be sure to consider the affect of this time on the
overall cycle time. Refer to the CP Series Programmable Controllers Program-
ming Manual for instruction execution times.

2-4-4 Initialization at Startup
The following initializing processes will be performed once each time the
power is turned ON.
* Confirm mounted Units and /O allocations.

* Clear the non-holding areas of I/O memory according to the status of the
IOM Hold Bit. (See note 1.)

* Clear forced status according to the status of the Forced Status Hold Bit.
(See note 2.)

» Automatically transfer data from the Memory Cassette if one is mounted
and automatic transfer at startup is specified.

* Perform self-diagnosis (user memory check).
* Restore the user program. (See note 3.)

Note (1) The I/O memory is held or cleared according to the status of the IOM Host
Bit and the setting for IOM Hold Bit Status at Startup in the PLC Setup
(read only when power is turned ON).

Auxiliary bit IOM Hold Bit (A500.12)
PLC Setup setting Clear (OFF) Hold (ON)
IOM Hold Bit Status |Clear | At power ON: Clear At power ON: Clear
at Startup (OFF) | At mode change: Clear | At mode change: Hold
Hold At power ON: Hold
(ON) At mode change: Hold

Note When the mode is changed between PROGRAMMING mode and
RUN or MONITOR mode, I/0 memory initialization is according to
the status of the IOM Hold Bit at that time.
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(2) The forced status held or cleared according to the status of the Force Sta-
tus Hold Bit and the setting for Forced Status Hold Bit Status at Startup
in the PLC Setup (read only when power is turned ON).

Forced Status Hold Bit (A500.13)

Clear (OFF)

Hold (ON)

At power ON: Clear
At mode change: Clear

Auxiliary bit
PLC Setup setting
Forced Status Hold Clear
Bit Status at Startup | (OFF)
Hold
(ON)

At power ON: Clear
At mode change: Hold

At power ON: Hold
At mode change: Hold

Note When the mode is changed between PROGRAMMING mode and
RUN or MONITOR mode, forced status initialization is according to
the status of the Forced Status Hold Bit at that time.

(3) User program recovery is performed if online editing is performed but the
power supply to the PLC is turned OFF before the CPU Unit can complete
backup processing. The BKUP indicator will light during backup process-

ing.

2-5 CPU Unit Operating Modes

2-5-1

Operating Modes

The CPU Unit has three operating modes that control the entire user program
and are common to all tasks.

PROGRAM:

MONITOR:

RUN:

Programs are not executed and preparations, such as initial-

izing the PLC Setup and other settings, transferring pro-
grams, checking programs, force-setting and force-resetting
can be executed prior to program execution.

Programs are executed, but some operations, such as online

editing, forced-set/reset, and changes to present values in I/O
memory, are enabled for trial operation and other adjust-

ments.

2-5-2 Status and Operations in Each Operating Mode

The following table lists status and operations for each mode.

Programs are executed and some operations are disabled.

Operation PROGRAM mode RUN mode MONITOR mode
Program execution Stopped Executed Executed
I/O refreshing Executed Executed Executed
External I/O status OFF According to program | According to program
I/O memory Non-holding memory Cleared According to program | According to program
Holding memory Held
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Operation PROGRAM mode RUN mode MONITOR mode
CX-Programmer | 1/O memory monitoring OK OK OK
operations Program monitoring OK OK oK
Program | From CPU Unit | OK OK OK
transfers 75 cPU Unit | OK X X
Checking program OK X X
Setting PLC Setup OK X X
Changing program OK X OK
Force-setting/resetting OK X OK
Changing timer/counter SV | OK X OK
Changing timer/counter PV | OK X OK
Change 1/0 memory PV OK X OK
Note The following table shows the relationship of operating modes to tasks.
Mode Cyclic task status Interrupt task
status
PROGRAM Disabled status (INI) Stopped
RUN * Any task that has not yet been executed, will be in disabled status (INI). Executed if inter-
« Atask will go to READY status if the task is set to go to READY status at star- | "UPt condition is
tup or the TASK ON (TKON) instruction has been executed for it. met.
MONITOR * Atask in READY status will be executed (RUN status) when it obtains the
right to execute.
* A status will go to Standby status (WAIT) if a READY task is put into Standby
status by a TASK OFF (TKOF) instruction.

2-5-3 Operating Mode Changes and I/O Memory
Operating Mode Changes and I/O Memory

Mode Changes

Non-holding areas

Holding Areas

¢ /O bits

¢ Data Link bits

e Work bits

e Timer PV/Completion Flags
¢ Index Registers

¢ Data Registers

¢ Task Flags

Aucxiliary Area bits/words are holding or
non-holding depending on the address.

* HR Area
e DM Area
¢ Counter PV and Completion Flags

Auxiliary Area bits/words are holding or
non-holding depending on the address.

MONITOR to RUN

RUN or MONITOR to PROGRAM | Cleared (See note 1.) Held
PROGRAM to RUN or MONITOR | Cleared (See note 1.) Held
RUN to MONITOR or Held (See note 2.) Held

Note
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1. The following processing is performed if the I/O Memory Hold Bit is ON.
Outputs from Output Units will be turned OFF when operation stops even
if 1/0 bit status is held in the CPU Unit.
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2. The cycle time will increase by approximately 10 ms when the operating
mode is changed from MONITOR to RUN mode. This will not, however,

cause an error for exceeding the maximum cycle time limit.

I/0 Memory I/O Memory Output bits allocated to Output Units
Hold Bit status [\15de changed Operation stopped Mode changed Operation stopped
(A500.12) between between
Fatal error FALS Fatal error FALS
PROGRAM other than executed PROGRAM other than executed
MONITOR MONITOR
OFF Cleared Cleared Held OFF OFF OFF
ON Held Held Held Held OFF OFF

Note Referto SECTION 4 I/O Memory Allocation.

2-5-4 Startup Mode Setting

This setting in the PLC Setup determines the operating mode that will be used

by the CPU Unit when the power supply is turned ON.

PLC Setup
Name Description Settings Default
Startup Mode Specifies the * Program (See note.) Use program-
CPU Unit oper- |« Monitor ming console
atingmode at | ,g.n (See note.)
startup .
* Use programming console
Note A Programming Console cannot be connected to the CP1L-EL/EM.
]
File ©ptions Help
Startup | Settingsl Timingsl Input constantl Serial Port 1 I Serial F'ort2| Peripheral Service Built-inlnputl R L
Startup Hold Mode
™ Force Status Hold Bit " Program
[ 10M Hold Bit @ [Fariian
Startup Data Read iy
r H:ad 1) i i ey ' se programming console(Fun)
CPIL-E EM OFfline
Note A Programming Console cannot be connected to a CP1L-EL/EM CPU Unit. If

Use programming console is set, the CPU Unit will start in RUN mode.
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2-6 Power OFF Operation

2-6-1 Overview

1,2,3...

Note

1,2,3...
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The following processing is performed when CPU Unit power is turned OFF.
Power OFF processing will be performed if the power supply voltage falls
below the specified value while the CPU Unit is in RUN or MONITOR mode.

1. The CPU Unit will stop.
2. Outputs from all Output Units will be turned OFF.

(1) All outputs will turn OFF despite the status of the 1/0O Memory Hold Bit or
I/O Memory Hold Bit at power ON settings in the PLC Setup.

(2) DC Power
85% of rated voltage: 20.4 V DC or less

The following processing will be performed if power drops only momentarily
(momentary power interruption).

1. The system will continue to run unconditionally if the momentary power in-
terruption lasts less than 2 ms for DC power, i.e., the time it takes the rated
voltage at 85% or less to return to 85% or higher is less than 2 ms for DC
power.

2. A momentary power interruption that lasts more than 2 ms for DC power
may or may not be detected.

85% of the rated voltage or less or DC power

Y

Time

0

0to 2 ms for DC
—
'Momentary power |
iinterruption not detected

.and operation continues.
)

Power supply ‘
voltage |

Greater than 2 ms for DC

Power supply 3

voltage !
Operation will continue or stop
depending on whether or not a

momentary power interruption is
detected.
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The following timing chart shows the CPU Unit power OFF operation in more
detail.

Power OFF Timing Chart

Operation always stopped
at this point regardless.

DC: 85% of rated voltage ===1----- v

Holding time for 5 V internal
power supply after power
OFF detection: 1 ms !

3 Power OFEF detected
! v

Power OFF Detection i
Delay Time !
Power OFF detected signal

DC: 2 ms | |

Program execution status Cyclic tasks or interrupt tasks ‘ Stopped

CPU reset signal

Power OFF detection time:
The time from when the power supply voltages drops to 85% for DC power until the
power OFF condition is detected.

Holding time for 5 V internal power supply after power OFF detection:
The maximum time that the 5 V internal power supply voltage will be maintained after
the power OFF condition is detected. The holding time is fixed at 1 ms.

Description of Operation
Power OFF will be detected if the DC power supply falls below 85% of the
rated voltage for the power OFF detection time (2 ms minimum for DC
power). The CPU reset signal will turn ON while the internal power supply is
being held and the CPU Unit will be reset.

2-6-2 Instruction Execution for Power Interruptions

If power is interrupted and the interruption is detected when the CPU Unit is
operating in RUN or MONITOR mode, the instruction currently being executed
will be completed and then the CPU Unit will be reset.
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2-7 Computing the Cycle Time
2-7-1 CPU Unit Operation Flowchart

The CPU Unit processes data in repeating cycles from the overseeing pro-
cessing up to peripheral servicing as shown in the following diagram.

( Power ON >

Checks Unit connection status.
Startup
initialization

Checks hardware and user Overseeing [ \

program memory. processing
Error
Check OK?
Normal
Sets error flags. PLC
cycle
time
Flashing Executes user program (i.e
nonfatal error n.e, Program
indEi(l::g?éﬁIC_)'\lfl o ( ) executes READY cyclic tasks). execution

flashing?

ON (fatal error)

End of program?

Waits until the set cycle time Cycle time
has elapsed. calculation

Calculates cycle time.

1/0
refreshing
Performs 1/O refreshing.
Services peripheral devices. Peripheral
servicing
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2-7-2 Cycle Time Overview

The cycle time depends on the following conditions.

* Type and number of instructions in the user program (in all cyclic tasks
that are executed during a cycle, and within interrupt tasks for which the
execution conditions have been satisfied)

e Type and number of CP-series Expansion Units and Expansion I/O Units
* Use of protocol macros and the largest communications message

* Fixed cycle time setting in the PLC Setup

* Use of Ethernet and serial ports

* Fixed peripheral servicing time in the PLC Setup

Note 1.

The cycle time is not affected by the number of tasks that are used in the

user program. The tasks that affect the cycle time are those cyclic tasks
that are READY in the cycle.

2. When the mode is switched from MONITOR mode to RUN mode, the cycle
time will be extended by 10 ms (this will not, however, take the cycle time

over its limit).

The cycle time is the total time required for the PLC to perform the five opera-
tions given in the following tables.

Cycle time = (1) + (2) + (3) + (4) + (5)

1: Overseeing

Details

Processing time and fluctuation cause

Checks the 1/O bus and user program memory, checks for
battery errors, etc.

0.4 ms

2: Program Execution

Details

Processing time and fluctuation cause

Executes the user program, and calculates the total time
time taken for the instructions to execute the program.

Total instruction execution time

3: Cycle Time Calculation

Details

Processing time and fluctuation cause

Waits for the specified cycle time to elapse when a minimum
(fixed) cycle time has been set in the PLC Setup.

Calculates the cycle time.

When the cycle time is not fixed, the time for step 3 is
approximately 0.

When the cycle time is fixed, the time for step 3 is the preset
fixed cycle time minus the actual cycle time ((1) + (2) + (4) +

(5)).

4: 1/0 Refreshing

Processing time and fluctuation cause

Details
CPU Unit built- | Outputs from the CPU Unit to the actual
in 1/0 and I/0 | outputs are refreshed first for each Unit,
on CP-series | and then inputs.
Expansion
Units and
Expansion 1/0
Units

I/O refresh time for each Unit multiplied by the number of
Units used.
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5: Peripheral Servicing

Details Processing time and fluctuation cause
Services Ethernet port. If a uniform peripheral servicing time hasn’t been set in the PLC Setup for
Services serial ports this servicing, 8% of the previous cycle’s cycle time (calculated in step (3))

will be allowed for peripheral servicing.

If a uniform peripheral servicing time has been set in the PLC Setup, servic-
ing will be performed for the set time. Servicing will be performed for at
least 0.1 ms, however, whether the peripheral servicing time is set or not.

If the ports are not connected, the servicing time is 0 ms.
Services communications ports. If a uniform peripheral servicing time hasn’t been set in the PLC Setup for

this servicing, 8% of the previous cycle’s cycle time (calculated in step (3))
will be allowed for peripheral servicing.

If a uniform peripheral servicing time has been set in the PLC Setup, servic-
ing will be performed for the set time. Servicing will be performed for at
least 0.1 ms, however, whether the peripheral servicing time is set or not.

If no communications ports are used, the servicing time is 0 ms.

Services built-in flash memory access. If a uniform peripheral servicing time hasn’t been set in the PLC Setup for
Serves Memory Cassette access this servicing, 8% of the previous cycle’s cycle time (calculated in step (3))
' will be allowed for peripheral servicing.

If a uniform peripheral servicing time has been set in the PLC Setup, servic-
ing will be performed for the set time. Servicing will be performed for at
least 0.1 ms, however, whether the peripheral servicing time is set or not.

If there is no access, the servicing time is 0 ms.

2-7-3 Functions Related to the Cycle Time

Minimum Cycle Time Set the minimum cycle time to a non-zero value to eliminate inconsistencies in
I/O responses. A minimum cycle time can be set in the PLC Setup between 1
and 32,000 ms in 1-ms increments.

Minimum cycle time  Minimum cycle time ~ Minimum cycle time
(effective) (effective) (effective)

< L L »

—>
Actual cycle Actual cycle
time time Actual cycle
time

This setting is effective only when the actual cycle time is shorter than the
minimum cycle time setting. If the actual cycle time is longer than the mini-
mum cycle time setting, the actual cycle time will remain unchanged.

~_Minimum cycle time ~_Minimum cycle time __Minimum cycle time (effective)
Actual cycle 1T Actual cycle o '
time time Actual cycle
time
PLC Setup
Name Settings Default
Minimum cycle time | 0000 to 7D00 hex 0000 hex: Variable cycle time
(1 to 32,000 ms in 1-ms incre-
ments)
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Watch Cycle Time

PLC Setup

Related Flags

Cycle Time_
Monitoring

Related Words

If the cycle time exceeds the watch (maximum) cycle time setting, the Cycle
Time Too Long Flag (A401.08) will be turned ON and PLC operation will be

stopped.
Name Settings Default
Enable Watch Cycle |0: Default (1 s) 0000 hex: Watch cycle time of
Time Setting 1: User setting 1s

Watch Cycle Time

001 to FAO: 10 to 40,000 ms
(10-ms increments)

Name

Address

Description

Cycle Time Too Long

Flag

A401.08

Turns ON if the present cycle time exceeds the
Watch Cycle Time set in the PLC Setup.

The maximum cycle time is stored in A262 and A263 and the present cycle
time is stored in A264 and A265 every cycle.

Name Addresses Description
Maximum Cycle A262 and | These words contain the maximum cycle time in
Time A263 increments of 0.1 ms. The time is updated every
cycle and is recorded in 32-bit binary (0 to FFFF
FFFF hex, or 0 to 429,496,729.5 ms). (A263 is
the leftmost word.)
Present Cycle Time |A264 and | These words contain the present cycle time in
A265 increments of 0.1 ms. The time is updated every

cycle and is recorded in 32-bit binary (0 to FFFF
FFFF, or 0 to 429,496,729.5 ms). (A265 is the
leftmost word.)

The average cycle time for the past eight cycles can be read from the CX-Pro-

grammer.

The following methods are effective in reducing the cycle time.

* Place tasks that do not need to be executed on standby.
e Use JMP-JME instructions to skip instructions that do not need to be exe-

cuted.
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2-7-4

/0 Refresh Times for PLC Units

CP-series Expansion Unit and Expansion I/O Unit I/O Refresh Times

64

Note

Name Model 1/0 refresh time per Unit
Expansion I/O Units CP1W-40EDR 0.39 ms
CP1W-40EDT 0.39 ms
CP1W-40EDT1 0.39 ms
CP1W-32ER 0.33 ms
CP1W-32ET 0.33 ms
CP1W-32ET1 0.33 ms
CP1W-20EDT 0.18 ms
CP1W-20EDT1 0.18 ms
CP1W-16ER 0.25 ms
CP1W-16ET 0.25 ms
CP1W-16ET1 0.25ms
CP1W-8ED 0.13ms
CP1W-8ER 0.08 ms
CP1W-8ET 0.08 ms
CP1W-8ET1 0.08 ms
Analog Input Units CP1W-ADO041 0.61 ms
CP1W-AD042 0.87 ms
Analog Output Units CP1W-DAO021 0.33 ms
CP1W-DA041 0.33 ms
CP1W-DA042 0.40 ms
Analog I/O Units CP1W-MAD11 0.32 ms
CP1W-MAD42 0.87 ms
CP1W-MAD44 0.97 ms
Temperature Sensor Units CP1W-TS001 0.25ms
CP1W-TS002 0.52 ms
CP1W-TS003 0.67 ms
CP1W-TS004 0.47 ms
CP1W-TS101 0.25 ms
CP1W-TS102 0.52 ms
CompoBus/S 1/0O Link Unit CP1W-SRT21 0.21 ms

The 1/O refresh time for CPU Unit built-in I/O is included in overhead process-

ing.
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2-7-5 Cycle Time Calculation Example

The following example shows the method used to calculate the cycle time
when CP-series Expansion I/O Units only are connected to a CP1L-EL/EM

Conditions

Calculation Example

CPU Unit.
Item Details
CP1L-EL/EM CP1W-40EDR 1 Unit
40-pt 1/0O Unit
User program 5 K steps LD instructions: 2.5 K steps,
OUT instructions: 2.5 K steps
Ethernet port connection Yes and no
Fixed cycle time processing No
Serial port connection No
Other peripheral servicing No
Process name Calculation Processing time
Ethernet port | Ethernet port
connected not
connected

(1) Overseeing 0.4 ms 0.4ms
(2) Program execution 0.55us x 2,500 + 1.1 us |4.1 ms 4.1 ms

x 2,500
(3) Cycle time calculation | (Minimum cycle time not |0 ms 0ms

set)
(4) 1/O refreshing 0.39 ms 0.39 ms 0.39 ms
(5) Peripheral servicing | (Only Ethernet port con- | 0.1 ms 0ms

nected)
Cycle time [(1)+(2) +(3) + (4) + (5) |4.99 ms |4.89 ms

2-7-6  Online Editing Cycle Time Extension

When online editing is executed to change the program from the CX-Program-
mer while the CPU Unit is operating in MONITOR mode, the CPU Unit will
momentarily suspend operation while the program is being changed. The
period of time that the cycle time is extended is determined by the following
conditions.

* Number of steps changed

* Editing operations (insert/delete/overwrite)

* Types of instructions
The cycle time extension for online editing is negligibly affected by the size of
task programs. If the maximum program size for a task is 10 Ksteps, the
online editing cycle time extension will be as follows:

CPU Unit Increase in cycle time for online editing

CP1L-EL/EM CPU Unit Maximum: 16 ms, Normal: 12 ms

(for a program size of 10 Ksteps)

When editing online, the cycle time will be extended by according to the edit-
ing that is performed. Be sure that the additional time will not adversely affect
system operation.
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Note When there is one task, online editing is processed all in the cycle time follow-

ing the cycle in which online editing is executed (written). When there are mul-
tiple tasks (cyclic tasks and interrupt tasks), online editing is separated, so
that for n tasks, processing is executed over n to n x 2 cycles max.

2-7-7 1/0 Response Time

Minimum 1/O
Response Time

Note

Maximum I/O Response
Time

66

The 1/O response time is the time it takes from when an input turns ON, the
data is recognized by the CPU Unit, and the user program is executed, up to
the time for the result to be output to an output terminal. The length of the 1/0
response time depends on the following conditions.

* Timing of Input Bit turning ON.
e Cycle time.

The I/O response time is shortest when data is retrieved immediately before I/
O refresh of the CPU Unit. The minimum I/O response time is calculated as
follows:

Minimum I/O response time = Input ON delay + Cycle time + Output ON delay

The input and output ON delays depend on the type of terminals used on the
CPU Unit or the model number of the Unit being used.

[] VO refresh

Input

/ Input ON delay

(Interrupt to
CPU Unit) o

{ Cycle time | Cycle time
| ‘ ‘ ‘ Instruction ‘ ‘ Instruction ‘ ‘ Instruction
! execution execution execution
Output 3 | output ON delay
Minimum I/O

response time

The I/O response time is longest when data is retrieved immediately after 1/0
refresh period of the CPU Unit. The maximum I/O response time is calculated
as follows:

Maximum I/O response time = Input ON delay + (Cycle time x 2) + Output ON
delay
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Input

(Interrupt to
CPU Unit)

Qutput

[[] 1/O refresh

i Input ON delay

Cycletime || Cycle time |

execution

execution

execution

Instruction

[ |
‘1‘ ‘ Instruction‘ ‘ ‘ Instruction ‘
:
;
‘
‘
|
‘

Maximum I/O
response time

Calculation Example

Conditions:

Input ON delay

Output ON delay
Cycle time

\ iOutput ON delay

1 ms (normal input with input

constant set to 0 ms)

0.1 ms (transistor output)

20 ms

Minimum 1/O response time =1 ms + 20 ms + 0.1 ms =21.1 ms
Maximum I/O response time =1 ms + (20 ms x2) + 0.1 ms = 41.1 ms

Input Response Input response times can be set in the PLC Setup. Increasing the response
Times time reduces the effects of chattering and noise. Decreasing the response

time allows reception of shorter input pulses, (but the pulse width must be
longer than the cycle time).

Input response time

Input response time

The pulse width is
less than the input

Input ‘ g Inout response time, so
npu i it is not detected.
I I/O refresh I I/O refresh
CPU Unit CPU Unit
PLC Setup
Name Description Settings Default

Input constants Input response times | 00 hex: 8 ms 00 hex (8 ms)
10 hex: 0 ms
11 hex: 0.5 ms
12 hex: 1 ms
13 hex: 2 ms
14 hex: 4 ms
15 hex: 8 ms
16 hex: 16 ms
17 hex: 32 ms
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2-7-8 Interrupt Response Times

Input Interrupt Tasks The interrupt response time for 1/O interrupt tasks is the time taken from when
a built-in input has turned ON (or OFF) until the 1/O interrupt task has actually
been executed. The length of the interrupt response time for I/O interrupt
tasks depends on the following conditions. (About 0.3ms)

Item Interrupt response time Counter interrupts
Hardware response | Rise time: 50 us
Fall time: 50 pus
Software interrupt Minimum: 134 us Minimum: 236 us
response Maximum: 234 us + Wait | Maximum: 336 us + Wait time
time (See note 1.) (See notel.)
Note (1) The wait time occurs when there is competition with other interrupts. As

a guideline, the wait time will be 6 to 169 ps.

(2) I/O interrupt tasks can be executed during execution of the user program
(even while an instruction is being executed by stopping the execution of
an instruction), I/O refresh, peripheral servicing, or overseeing. The inter-
rupt response time is not affected by which of the above processing op-
erations during which the interrupt inputs turns ON. I/O interrupts,
however, are not executed during execution of other interrupt tasks even
if the 1/O interrupt conditions are satisfied. Instead, the 1/O interrupts are
executed in order of priority after the current interrupt task has completed
execution and the software interrupt response time has elapsed.

The interrupt response time of input interrupt tasks is calculated as follows:
Interrupt response time = Input ON delay + Software interrupt response time

Input

1 Input ON dela:
, - Inp y ‘
I_I ' Next interrupt signal

: | . _can be accepted.
Lo Software interrupt response time

(Interrupt signal retrieval)

Interrupt task execution

‘Input interrupt task " Ladder program " Return time from
response time execution time input interrupt task

Cyclic task execution | ‘
(main program)
The time from completing the ladder program in the input
interrupt task until returning to cyclic task execution is 60 us.
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Scheduled Interrupt Tasks

Note

The interrupt response time of scheduled interrupt tasks is the time taken
from after the scheduled time specified by the MSKS(690) instruction has
elapsed until the interrupt task has actually been executed. The length of the
interrupt response time for scheduled interrupt tasks is 1 ms max. There is
also an error of 80 us in the time to the first scheduled interrupt (0.5 ms min.).

Scheduled interrupt tasks can be executed during execution of the user pro-
gram (even while an instruction is being executed by stopping the execution of
an instruction), 1/0O refresh, peripheral servicing, or overseeing. The interrupt
response time is not affected by which of the above processing operations
during which the scheduled interrupt time occurs. Scheduled interrupts, how-
ever, are not executed during execution of other interrupt tasks even if the
interrupt conditions are satisfied. Instead, the interrupts are executed in order
of priority after the current interrupt task has completed execution and the
software interrupt response time has elapsed.

Scheduled interrupt time

Internal timer |_| I_I |_| I_I_

Softw:are interrupt r:esponse time

S
o ]

Scheduled interrupt task

2-7-9 Serial PLC Link Response Performance

The response times for CPU Units connected via a Serial PLC Link (master to
slave or slave to master) can be calculated as shown below. If a PT is in the
Serial PLC Link, however, the amount of communications data will not be
fixed and the values will change.

* Maximum I/O response time (not including hardware delay) =
Master cycle time + Communications cycle time + Slave cycle time + 4 ms

e Minimum 1/O response time (not including hardware delay) =
Slave communications time + 0.8 ms

Here,

Number of partici- | The number of slaves to which links have been established
pating slave nodes | within the maximum unit number set in the master.

Number of non-par- | The number of slaves not participating in the links within the

ticipating slave maximum unit number set in the master

nodes

Communications Slave communications time x Number of participating slave
cycle time (ms) nodes + 10 x Number of non-participating slave nodes

Slave communica- | * Communications time set to Standard

tions time (ms) 0.4 + 0.286 x ((No. of slaves + 1) x No. of link words x 2 + 12)

e Communications time set to Fast
0.4 + 0.0955 x ((No. of slaves + 1) x No. of link words x 2 +
12)

69



Computing the Cycle Time Section 2-7

2-7-10 Pulse Output Start Time

The pulse output start time is the time required from executing a pulse output
instruction until pulses are output externally. This time depends on the pulse
output instruction that is used and operation that is performed.

Instruction execution Start time

[}

I

Ipyipipigignat
Pulse output !

Pulse output instruction Start time
SPED: continuous 86 us
SPED: independent 98 us
ACC: continuous 103 us

ACC: independent, trapezoidal | 122 us
ACC: independent, triangular | 123 ps
PLS2: trapezoidal 145 us
PLS2: triangular 146 us

2-7-11 Pulse Output Change Response Time

The pulse output change response time is the time for any change made by
executing an instruction during pulse output to actually affect the pulse output

operation.

Pulse output instruction Change response time
INI: immediate stop 63 us + 1 pulse output time
SPED: immediate stop 106 us + 1 pulse output time
ACC: deceleration stop 1 control cycle (4 ms) minimum,
PLS2: deceleration stop 2 control cycles (8 ms) maximum

SPED: speed change
ACC: speed change

PLS2: target position change in
reverse direction

PLS2: target position change in
same direction at same speed

PLS2: target position change in
same direction at different speed
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SECTION 3
Installation and Wiring

This section describes how to install and wire the CP1L-EL/EM.
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3-1 Fail-safe Circuits

Supply Power to the
CP1L-EL/EM CPU Unit

before the Controlled
System

Managing CPU Unit
Errors

Note

Managing Output
Malfunctions

Interlock Circuits

72

Always set up safety circuits outside of the PLC to prevent dangerous condi-
tions in the event of errors in the CP1L-EL/EM CPU Unit or external power
supply. In particular, be careful of the following points.

If the PLC's power supply is turned ON after the controlled system's power
supply, outputs in Units such as DC Output Units may malfunction momen-
tarily. To prevent any malfunction, add an external circuit that prevents the
power supply to the controlled system from going ON before the power supply
to the PLC itself.

When any of the following errors occurs, PLC operation (program execution)
will stop and all outputs from Output Units will be turned OFF.

* A CPU error (watchdog timer error) or CPU on standby

e A fatal error (memory error, 1/O bus error, duplicate number error, too
many /O points error, I/O setting error, program error, cycle time too long
error, or FALS(007) error) (See note.)

Always add any circuits necessary outside of the PLC to ensure the safety of
the system in the event of an error that stops PLC operation.

When a fatal error occurs, all outputs from Output Units will be turned OFF
even if the IOM Hold Bit has been turned ON to protect the contents of 1/O
memory. (When the IOM Hold Bit is ON, the outputs will retain their previous
status after the PLC has been switched from RUN/MONITOR mode to PRO-
GRAM mode.)

It is possible for an output to remain ON due to a malfunction in the internal
circuitry of the Output Unit, such as a relay or transistor malfunction. Always
add any circuits necessary outside of the PLC to ensure the safety of the sys-
tem in the event that an output fails to go OFF.

When the PLC controls an operation such as the clockwise and counterclock-
wise operation of a motor and if there is any possibility of an accident or
mechanical damage due to faulty PLC operation, provide an external interlock
such as the one shown below to prevent both the forward and reverse outputs
from turning ON at the same time.

Example
Interlock circuit
cIo . MC2
10000 @ Motor clockwise

CP1L-EL/EM 00 |
| ‘
|
cIo i MC1

100.01" * & @ Motor counterclockwise
7777777 d

This circuit prevents outputs MC1 and MC2 from both being ON at the same
time even if both PLC outputs CIO 100.00 and CIO 100.01 are both ON, so
the motor is protected even if the PLC is programmed improperly or malfunc-
tions.
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3-2 Installation Precautions

3-2-1 Installation and Wiring Precautions

Always consider the following factors when installing and wiring the PLC to
improve the reliability of the system and make the most of the CP1L-EL/EM
functions.

Ambient Conditions Do not install the PLC in any of the following locations.
* Locations subject to ambient temperatures lower than 0°C or higher than
55°C.
* Locations subject to drastic temperature changes or condensation.

* Locations subject to ambient humidity lower than 10% or higher than
90%.

* Locations subject to corrosive or flammable gases.

* Locations subject to excessive dust, salt, or metal filings.

* Locations that would subject the PLC to direct shock or vibration.

* Locations exposed to direct sunlight.

* Locations that would subject the PLC to water, oil, or chemical reagents.
Always enclose or protect the PLC sufficiently in the following locations.

* Locations subject to static electricity or other forms of noise.

* Locations subject to strong electromagnetic fields.

* Locations subject to possible exposure to radioactivity.

¢ Locations close to power lines.

Installation in When the CP1L-EL/EM is being installed in a cabinet or control panel, always
Cabinets or Control provide proper ambient conditions as well as access for operation and mainte-
Panels nance.

Temperature Control The ambient temperature within the enclosure must be within the operating

range of 0°C to 55°C. When necessary, take the following steps to maintain
the proper temperature.

* Provide enough space for good air flow.

* Do not install the PLC above equipment that generates a large amount of
heat, such as heaters, transformers, or high-capacity resistors.

* If the ambient temperature exceeds 55°C, install a cooling fan or air con-
ditioner.

_—

Control Fan
panel [ /

SYSMAC
CP1L-EL/EM

Louver
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Accessibility for * To ensure safe access for operation and maintenance, separate the PLC
Operation and as much as possible from high-voltage equipment and moving machinery.

Maintenance
* The PLC will be easiest to install and operate if it is mounted at a height of
about 1,000 to 1,600 mm.

&Caution Do not touch the power supply or the area around the 1/O terminals while
power is being supplied or immediately after power has been turned OFF.
Doing so may result in burns.

&Caution After the power supply has been turned OFF, wait until the PLC has suffi-
ciently cooled before touching it.

Improving Noise * Do not mount the PLC in a control panel containing high-voltage equip-
Resistance ment.

¢ Install the PLC at least 200 mm from power lines.

Power lines

200 mm
min.

SYSMAC CP1L-EL/EM

200 mm min.

e Ground the mounting plate between the PLC and the mounting surface.

Mounting in a Panel e The CP1L-EL/EM must be installed in the orientation shown below to
ensure adequate cooling.
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* Do not install the CP1L-EL/EM in any of the following orientations.

3-3 Mounting

3-3-1 Mounting in a Panel

When mounting the CP1L-EL/EM CPU Unit in a panel, use either surface
installation or DIN Track installation.

Surface Installation Even if a DIN Track is not used, a CP1L-EL/EM CPU Unit and CP-series
Expansion Units or Expansion I/O Units can be mounted using M4 screws.

For restrictions on the number of Expansion Units and Expansion I/O Units
that can be connected, refer to 1-2 System Configuration.

CP1L-EL/EM CPU Unit

Expansion I/O Units or Expansion Units
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DIN Track Installation

Using I/0 Connecting
Cable

Wiring Ducts

Note

76

The CP1L-EL/EM CPU Unit, Expansion Units, and Expansion I/O Units can
be mounted to DIN Track. Secure the DIN Track with screws in at least three
places.

[¢] (@)
ExmlcelccleeerleecrEee DIN Track

PRI

L =
) 2| soso0 || oooees D
lsdef | co0 000 || cooo0O00

000000000000
doleleleclelelcleleee
= =
() @)

When using Expansion Units and Expansion I/O Units, it is possible to use
CP1W-CN811 Connecting Cable to arrange the Units in upper and lower
rows. The following restrictions apply:

* I/O Connecting Cable can be used in one place only, and not in multiple
places.

Whenever possible, route 1/0 wiring through wiring ducts. Install the duct so
that it is easy to wire from the 1/0 Units through the duct. It is handy to have
the duct at the same height as the PLC.

@ 81.6 t0 89.0 mm

JTV 20 mm min. -
® CPU
L Rack
Unit |+ DIN Track 30 mm % D
H D D 30mm || — Mounting
bracket

20 mm min. Duct

Duct H

Tighten terminal block screws and cable screws to the following torque.
M4: 1.2 N-m
M3: 0.5 N-m
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Routing Wiring Ducts Install the wiring ducts at least 20 mm between the tops of the PLC and any
other objects, (e.g., ceiling, wiring ducts, structural supports, devices, etc.) to
provide enough space for air circulation and replacement of Units.

Input duct Output duct Power duct
l 200 mm min.——
2
2
i o
7| Z
[ i Iz
2 Z
Z 2
2|1 Breakers 2
Z and fuses 2
CP1L-EL/EM 2 Z
Al 2
gl T ——— LA (2
2 5
Pl T ———
e — > 15
B Z 5
Z 2 2
2 Z )
Z Z Power 2
Z 2| | equipment, Z
Z Z|| such as 2
Z Z transformers 2
2 Z|: and magnetic Z
g g relays Z
7/ z 7/
7 12
7 2l /
1 2l T —— 2
7 7 -/
Z Y Z
4 2 7
2 7
Fuses, relays, g % 1
timers, etc. (not  Terminal 7 ) ?
heat-generating  blocks for Z Terminal blocks 2
equipment, PLC 7| for power /
power :Z equipment /
equipment, 7 :j
etc.) Y
Dimensions
External Dimensions
Wi1 85

POVER
RO
erfL
110 100 90 o 000000 000000
L niact ocooooo ocoooo0o0
in:

S R BN T 8 T T R =
‘ > 1
— N —
- - -
7 @M
Model w1 w2
CP1L-EM40D_-L] | 150 170
CP1L-EM30DL-] | 130 120
CP1L-EL20DC-]  [130 120
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Mounting Height The mounting height is approximately 90 mm.

When a cable is connected to an Option Board, however, the additional height
must be factored in. Always allow for the additional height when considering
the depth of the control panel in which the PLC is to be mounted.

3-3-2 Connecting Expansion Units and Expansion I/O Units

Leave approximately 10 mm of space between the CPU Unit and the Expan-
sion Units or Expansion 1/0O Units.

CP1L-ELVEM CPU Unit Expansion 1/O Units or Expansion Units

10 mm

A
A

Mounting Method

'y \I | r-l
|
CP1L-EL/EM CPU Unit r'
ith 20, 30 or 40 I/O point
100 mm glxpansior?rl/o UniFt)OIn ° i
with 32 or 40 I/O points 4
-
8 mm
”1 A >
{2 £ M
|
Expansion 1/0 Unit F
100 mm with 8, 16 or 20 1/0 points i
Expansion Unit i
1
) % T+
-
8 mm
Unit A (mm)
CP1L-EL/EM CPU Unit 40 1/O points 140 0.5
30 1/0O points 120 £0.5
20 1/0O points 120 £0.5
Expansion 1/0O Unit 40 1/O points 140 +0.2
32 outputs 140 0.2
20 1/0O points 76 £0.2
16 outputs 76 £0.2
8 inputs 56 £0.2
8 outputs 56 £0.2
Analog I/0 Unit 76 0.2
Temperature Sensor Unit TS004 140 £0.2
TSOO1 76 +0.2
TSOO02
TS003
CompoBus/S 1/0O Link Unit 56 +0.2
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Space between Units When Expansion I/O Units Are Connected

1,2,3...

e
CPIL e

N\

K 1 Q) 9 Q) (O (@
100 CP1L-EL/EM Expansion 1/0 Unit | Expansion 1/O Unit
mm CPU Unit Expansion Unit Expansion Unit

li—j}
20 mm min.
25 mm max.

l%_j;) ()

10 mm min.
15 mm max.

1. Remove the cover from the CPU Unit’s or the Expansion I/0O Unit’s expan-
sion connector. Use a flat-blade screwdriver to remove the cover from the
Expansion 1/0 Connector.

roder]
[
s
]
okl

ok

©00000
©0o0o00o
©o0o0o00o

/)

2.

N o

000000
000000
W] | 000000

W

Expansion I/0 Unit's expansion connector.

[ Expansion
connector cover

Insert the Expansion 1/O Unit’s connecting cable into the CPU Unit’s or the

3. Replace the cover on the CPU Unit’s or the Expansion I/O Unit’s expansion

connector.

79



Mounting Section 3-3

3-3-3 DIN Track Installation

1,2,3... 1. Use a screwdriver to pull down the DIN Track mounting pins from the back
of the Units, and mount the Units to the DIN Track.

9] Q)

i
¥ ¥

2. Lower the Units so that they catch on the top of the DIN Track, and then
press them forward all the way to the DIN Track at the bottom.

3. Press in all of the DIN Track mounting pins to securely lock the Units in
place.

p[ll:lﬁ

co—
co—
co—
co—
| I

bu:n
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DIN Track Mount the DIN Track in the control panel with screws in at least three places.
¢ DIN Track: PFP-50N (50 cm), PFP-100N (100 cm), or PFP-100N2
(100 cm)

Secure the DIN Track to the control panel using M4 screws separated by
210 mm (6 holes). The tightening torque is 1.2 N-m.

PFP-100N2 28.25 x 4.5 oblong holes 16
4777 e | e e—— 30403 27 24 292
* ) |
15 25+l 25 25 25 =151 Ry
1000
PFP-100N/50N 734015 ar_r
4.5 7/ E ‘r
F*ﬁ — C”D e W c— 35+0.3 2740.15
i 1) |1
—145 4= 25 o} 25 | |25 25 15 (5) 1
1000 (500) (See note.)
(See note.)

Note: PFP-50N dimensions are given in parentheses.
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Wiring CP1L-EL/EM CPU Units Section 3-4

3-4 Wiring CP1L-EL/EM CPU Units
3-4-1 Wiring Power Supply and Ground Lines

CPU Units with DC Power Supply
DC Power Supply Wiring

24VDC
i

[

Circuit protector

| Upper terminal block

OM| 01 03 | 05 [ 07 | 09 | 11 01 03 [ 05 | 07 | 09 [ 11

NC 00 | 02 04 [ 06 | 08 10 | 00O | 02 | 04 | O6 | 08 10

C
l GR: Protective ground terminal

Ground (100 Q or less)

* Use crimp terminals or solid wire for wiring the power supply. Do not con-
nect bare stranded wires directly to terminals.

y A
6.2 mm max.J@j 6.2 mm max. 4@:
) 4 v

* M3 self-rising terminal screws are used. Tighten the terminal screws to
the torque of 0.5 N-m.

* To prevent noise, use a ground line of 100 Q or less.
* Provide a power supply of 20.4 to 26.4 VDC.

* The maximum current consumption is 20 W for CPU Units with 30 or 40
I/0 points and 13 W for CPU Units with 20 I/O points.

e When the power supply is turned ON, the inrush current is approximately
five times the normal current.

* The GR terminal is a ground terminal. To prevent electrical shock, use a
dedicated ground line (2 mm? min.) of 100 Q or less.

Note (1) Never reverse the positive and negative leads when wiring the power sup-
ply terminals.

(2) Supply all power to the power supply terminals from the same source.
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Wiring CP1L-EL/EM CPU Units Section 3-4

3-4-2 Wiring Built-in 1/0

Wiring Precautions

Double-checking I/0
Specifications

Electric Wires

Wiring

Double-check the specifications for the I/0O Units. In particular, do not apply a
voltage that exceeds the input voltage for Input Units or the maximum switch-
ing capacity for Output Units. Doing so may result in breakdown, damage, or
fire.

When the power supply has positive and negative terminals, always wire them
correctly.

e AWG22 to AWG18 (0.32 to 0.82 mm2) power lines are recommended.
Use cable with a maximum diameter of 1.61 mm including the insulation
covering.

* The current capacity of electric wire depends on factors such as the ambi-
ent temperature and insulation thickness, as well as the gauge of the con-
ductor.

* M3 self-rising screws are used for all screw terminals including terminal
screws for crimp terminal power supply wiring.

* Use crimp terminals or solid wire for wiring.

* Do not connect bare stranded wires directly to terminals.

e Tighten the terminal block screws to the torque of 0.5 N-m.

e Use crimp terminals (M3) having the dimensions shown below.

y A
6.2 mm max. @j 6.2 mm max. @j
) 4 \

* Wire the Units so that they can be easily replaced.
* Make sure that the I/O indicators are not covered by the wiring.

* Do not place the I/O wiring in the same conduits or ducts as high-voltage
or power lines. Inductive noise can cause errors or damage.

e Tighten the terminal screws to the torque of 0.5 N-m.

Unit type Terminal width | Terminal pitch
CPU Units 6.4 mm 7.6 mm
Expansion 1/0 Units 6.4 mm 7.7 mm
40EDO/32E0/20EDTO
Expansion I/O Units 6.8 mm 8.4 mm
ADO0400/DAOCCO/MADOO/TSOI0O
SRT21/20EDR1/16EO/8EO

PIOIO

Terminal "Terminal
width pitch
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Wiring CP1L-EL/EM CPU Units

Section 3-4

Connecting I/0

Devices
DC Input Devices

Contact output

______O____O__
Q
o}
£
o}
3
-
m
C
m
<
#ﬁ
___O____
p=

At Sensor
v power supply

'+ Sensor

power supply
[ ; Output

i 5mA/
A 7 mA
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(1) Never apply a voltage that exceeds the input voltage for Input Units or the
maximum switching capacity for Output Units.

(2) When the power supply has positive and negative terminals, always wire
them correctly.

(3) When required by EC Low Voltage Directive, use reinforced insulation or
double insulation on the DC power supply connected to DC-power-supply
CPU Units and I/0.

For the DC power supply connected to a DC-power-supply CPU Unit, use
a power supply with a minimum output holding time of 10 ms.

(4) Do not pull on the cables or bend the cables beyond their natural limit. Do-

ing either of these may break the cables.

Use the following information for reference when selecting or connecting input
devices.

Connectable DC Input Devices (for DC Output Models)

Two-wire DC output

CP1L-EL/EM
COM®

Sensor + A

power supply

Current
IN CP1L-EL/EM regulator Output

Sensor +
|
T QV [powersupply

Sensor
power suppl

* The circuit below should not be used for I/0O devices with a voltage output.

........... S e e e e e e m e
% ¢+ pc?vr;fe?rsupply :
li [éO“tp“t OIN CPIL-EL/EM
HoY 5coMo




Wiring CP1L-EL/EM CPU Units Section 3-4

Precautions when
Connecting a Two-wire DC
Sensor

1,2,3...

When using a two-wire sensor with a 24 VDC input device, check that the fol-
lowing conditions have been met. Failure to meet these conditions may result
in operating errors.

1.

Relation between voltage when the PLC is ON and the sensor residual
voltage:

Von<Vee - VR

Relation between current when the PLC is ON and sensor control output
(load current):

lout (Min) < lon < oyt (Max)

lon = (Ve — VR — 1.5 [PLC internal residual voltage]*)/Ry

When lgy is smaller than IgyT (min), connect a bleeder resistor R. The
bleeder resistor constant can be calculated as follows:

R < (Vce - VR)/(loyT (Min) — lon)

Power W > (V¢ - VR)Z/R x 4 [allowable margin]

Relation between current when the PLC is OFF and sensor leakage cur-
rent:

loFF = lieak
Connect a bleeder resistor if | o5 is greater than Iggr Use the following

equation to calculate the bleeder resistance constant.
R < RN x Vore/(lieak % RiN = VorF)
Power W > (V¢ - VR)Z/R x 4 (allowable margin)

-1 DC Input Unit
Two-wire Sensor ‘
VR R RIN
Vce
Vcc: Power voltage Vr: Sensor output residual voltage
Von: PLC ON voltage lout: Sensor control output (load current)
Voff: PLC OFF voltage
lon: PLC ON current lleak: Sensor leakage current
loff: PLC OFF current R: Bleeder resistance

Rin: PLC input impedance

Precautions on Sensor Inrush Current

An incorrect input may occur due to sensor inrush current if a sensor is
turned ON after the PLC has started up to the point where inputs are pos-
sible. Determine the time required for sensor operation to stabilize after the
sensor is turned ON and take appropriate measures, such as inserting into
the program a timer delay after turning ON the sensor.
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Wiring CP1L-EL/EM CPU Units Section 3-4

Program Example

In this example, the sensor’s power supply voltage is provided to input bit CIO
0.00 and a 100-ms timer delay (the time required for an OMRON Proximity
Sensor to stabilize) is created in the program. After the Completion Flag for
the timer turns ON, the sensor input on input bit CIO 0.01 will cause output bit
CIO 100.00 to turn ON.

Output Wiring Precautions

Output Short-circuit
Protection

Connectingtoa TTL
Circuit

Inrush Current
Considerations

86

If a load connected to the output terminals is short-circuited, output compo-
nents and the printed circuit boards may be damaged. To guard against this,
incorporate a fuse in the external circuit. Use a fuse with a capacity of about
twice the rated output.

A TTL circuit cannot be connected directly to a transistor output because of
the transistor’s residual voltage. It is necessary to connect a pull-up resistor
and a CMOS IC between the two.

When connecting a transistor or triac output to a load having a high inrush
current (such as an incandescent lamp), steps must be taken to avoid dam-
age to the transistor or triac. Use either of the following methods to reduce the
inrush current.

Example Method 1

ouT * L
/\-/\ +

SYSMAC CP1L-E/EM R -

COM

Use a dark current of approximately 1/3 the rated current of the incandescent lamp.

Example Method 2

ouT

SYSMAC CP1L-EL/EM

COM

Install a limit resistance.



Wiring CP1L-EL/EM CPU Units Section 3-4

3-4-3 Wiring Safety and Noise Controls
I/0 Signal Wiring Whenever possible, place 1/0 signal lines and power lines in separate ducts or
conduits both inside and outside of the control panel.

(1) = I/O cables
(2) = Power cables

O] O] @)

Sececee Scccce|lsesess

@)

% In-floor duct Conduits

Suspended duct

If the 1/O wiring and power wiring must be routed in the same duct, use
shielded cables and connect the shields to the GR terminal to reduce noise.

Inductive Loads When an inductive load is connected to an I/0 Unit, connect a surge suppres-
sor or diode in parallel with the load as shown below.
IN;ommmmmee meaeeeas L
s SOUT
Diode’ . : L
I L 1 DC input Relay output | 2o i
: ! Surge suppressor
COoM S SJCOM
--------- out
e 0
Relay output or l+
transistor output ! .
CI)COM Diode “'

Note  Use surge suppressors and diodes with the following specifications.

Resistance: 50 Q
Capacitance: 0.47uF

Voltage: 200V
Diode Specifications —
Breakdown voltage: 3 times load voltage min.

Mean rectification current: 1 A
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Wiring CP1L-EL/EM CPU Units Section 3-4

Noise from External Take the following points into account when externally wiring 1/O, power sup-
Wiring ply, and power lines.

* When multi-conductor signal cable is being used, avoid combining I/O
wires and other control wires in the same cable.

* If wiring racks are parallel, allow at least 300 mm between them.

Low-current cables

PLC I/O wiring g Q
300 mm min.
PLC power supply %0”"0' cables
cable and general @) H|
control circuit wiring 300 mm min
Power cables _ '
Power lines Q

L

Ground to 100 Q or less

¢ If the I/O wiring and power cables must be placed in the same duct, they
must be shielded from each other using grounded steel sheet metal.

PLC power
supply cable
and general
control circuit
PLC /O wiring wiring Power lines  Steel sheet metal

H H 200 mm min.
SIS B[St O] I NI

L
Ground to 100 Q or less
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Wirinér CPU Unit 1/O Section 3-5

3-5 Wiring CPU Unit I/O
3-5-1 1/0O Wiring for CPU Units with 40 I/O Points
Input Wiring (Upper Terminal Block, Removable

The input circuits have 24 points/common. Use power lines with sufficient cur-
rent capacity for the COM terminals.

Cloo0 ClO 1
r A4 \

=

im
R RAARARARAAAN

—I£M|01‘03‘05|07‘09‘1j 1‘03|05‘07‘09|11‘

00‘02‘04‘06’08’000‘02 |

[TTTITIETTT
TTTTTTTTTTTT

ClO0 ClO 1

Output Wiring (Lower Terminal Block, Removable

Relay Outputs
(CP1L-EM40DR-D)
CIO 100 CIO 101
4

—LodbdbdoleT

NC | 00 | O1|O02(03]04(|06]O00] 01 03 | 04 | 06

NC JCOM|COM|COM|COM| 05 | 07 JCOM| 02 |COM| 05 | 07

CIO 100 CIlO 101
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Wirinér CPU Unit I/0 Section 3-5

Sinking Transistor

Outputs (CP1L-EM40DT-D) 10 100 cI0 101

T%%@W

T ‘V+‘00|01|02|0J04|06|0‘01 03J04‘06‘
- CO

M(V COM 05 07 COM 02 rOM| 05 | 07

T??T

CIlO 100 ClO 101

G

Note = COM(V-) has been connected with V- in an inner circuit.

Sourcing Transistor

Outputs (CP1L-EM40DT1-D) 10 100 10 101

“j_¢¢$$$$¢¢¢é$_

V+ | 00 | O1 02 | 03 | 04 | 06 | 00 [ O1 03 | 04 | 06

COM(V+) COM| 05 | 07 |COM| 02 |COM| 05 | 07

ClO 100 CIlO 101

Note = COM(V+) has been connected with V+ in an inner circuit.

3-5-2 1/0 Wiring for CPU Units with 30 I/O Points

Input Wiring (Upper Terminal Block, Removable)

The input circuits have 18 points/common. Use power lines with sufficient cur-
rent capacity for the COM terminals.

wee T TT T IY
S TTTTITTOT
BE ool iTowls

BIAEAEIEIEIEIRI AT
NRRRANAN
\TTTTTT\TTT |

Cloo0 ClO 1
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Wiring CPU Unit I/0

Section 3-5

Output Wiring (Lower Terminal Block, Removable)

Relay Outputs
(CP1L-EM30DR-D)

Sinking Transistor
Outputs (CP1L-EM30DT-D)

Note

Sourcing Transistor
Outputs (CP1L-EM30DT1-D)

Note

CIO 100 ClO 101

CIO 100 CIO 101

“‘@é#$%$$¥"

- ‘V+ ‘00‘01 ‘02 04‘05‘07 00|02
’ V- ‘ comMm(v 03—|COM‘ 06 |€OM‘ 01 ‘ 03
-

CIO 100 CIO 101

COM(V-) has been connected with V- in an inner circuit.

CIO 100 CIO 101

Shbbbbdh

T |V+|oo|o1|02|04|05|o7|oo|02|

|V— COM(V+) OqCOM| 06 E)M| 01 | 03 |

\ J

CIO 100 ClO 101

COM(V+) has been connected with V+ in an inner circuit.
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Wirinér CPU Unit I/0 Section 3-5

3-5-3 I/0 Wiring for CPU Units with 20 I/O Points

Input Wiring (Upper Terminal Block, not Removable

The input circuits have 12 points/common. Use power lines with sufficient cur-
rent capacity for the COM terminals.

%r_fofw REEE
S ITIT T
oo T Tes o T

‘Nc‘@loo|oz‘o4|oe‘os‘1o|

l\ l\ l\ ‘L\ l\ l\
Lrryrg

ClO0

24VDC

+

Output Wiring (Lower Terminal Block, not Removable

Relay Outputs
(CP1L-EL20DR-D)

Sinking Transistor
Outputs (CP1L-EL20DT-D)

CIO 100

|V+|00|01|02|£4|05|07|

| V- | COM(V-) ] 03—|COM| 06 ‘

|

CIO 100

Note = COM(V-) has been connected with V- in an inner circuit.

92



Wiring CPU Unit 1/0

Section 3-5

Sourcing Transistor
Outputs (CP1L-EL20DT1-D)

Note

3-5-4 Pulse Input Connection Examples

For a 24-VDC Open-

collector Encoder and phase Z inputs.

Encoder
(Power supply: 24 VDC)

W |

Example: E6B2-CWZ6C
NPN open-
collector output

O
24-V DC power supply

CIO 100
T v+ | 00 | o1 |02 04 | 05 | 07
V- COM(V+) 03 [com| os

CIO 100

COM(V+) has been connected with V+ in an inner circuit.

This example shows the connections to an encoder with phase-A, phase-B,

CP1L-EL/EM CPU Unit

Differential phase input mode)

Black Phase A Goy (High-speed counter 0:
Phase A0 V)

White (High-speed counter 0:

Phase B 0 V)

Phase B @

Orane Phase Z (High-speed counter 0:

Phase Z0 V)

(COM 24 V)

0V (COM)
ue

Bl

(Do not use the same I/O power supply as other equipment.)

""""" CP1L-EL/EM CPU Unit

1A

-—

Power provided. (25 g Fower
Encoder ¥ ¥ Ao
Shielded twisted-pair cable

{H Phase A

L e

IB
P

0.01

QH Phase B

Iz
—

0.04

{ Phase Z

COMT
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Wiring CPU Unit 1/0

Section 3-5

3-5-5 Pulse Output Connection Examples

This example shows a connection to a motor driver. Always check the specifi-
cations of the motor driver before actually connecting it.

For open-collector output, use a maximum of 3 m of wiring between the
CP1L-EL/EM CPU Unit and the motor driver.

No pulses are output while the pulse output transistor is OFF. For a direction
output, OFF indicates that CCW output is in progress.

Do not use the same power supply for both pulse output 24-VDC/5-VDC

power and other I/O power.

Pulse output in progress

ON

Output transistor
OFF

CW and CCW Pulse Outputs

Ccw ccw

cw
CCW
Pulse and Direction Outputs
cw CCW
Pulses
Direction | Output ON | Output OFF

CW/CCW Pulse Output and Pulse Plus Direction Output
Using a 24-VDC Photocoupler Input Motor Driver (CP1L-E[ 11 IDT-D)

94

CP1L-EL/EM CPU Unit

24-VDC
power supply
for outputs

CW pulse
output
(Pulse
output)

CCW pulse
output
(Direction
output)

24-V DC power supply

Motor driver (for 24-V input)

194

194

19




Wirinér CPU Unit I/0 Section 3-5

Using a 5-VDC Connection Example 1
Photocoupler Input Motor

Driver (CP1L-ECJ [CIDT-D)

24-\V DC power supply

CP1L-EL/EM CPU Unit

Motor driver (for 5-V input)

(Pulse 1 Approx. 12 mA )

output)
| 100.03 1.6 kQ ><

)

24-VDC Ve
power supply p)
for outputs i ) (Example: R = 220 Q)
V_
1.6 kQ ><
100.02 )
CW pulse 0
output ——|E -
(+
><(—

CCW pulse ——C
output ——l -
(Direction Approx. 12 mA
output) *—O
COM(V-)

In this example, a 5-V input motor driver is used with a 24-VDC power supply.
Be careful to ensure that the Position Control Unit output current does not
damage the input circuit at the motor driver and yet is sufficient to turn it ON.

Take into account the power derating for the 1.6-kQ resistance.

Connection Example 2

24-V DC power supply  5-V DC power supply

CP1L-EL/EM CPU Unit

Motor driver (for 5-V input)

CW pulse

—r—C
output __|B

100.02 ><
(Pulse [
output)

1100.03 ><

CCW pulse —

output __l

(Direction COM(V-)
output) *—O
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CP-series Expansion I/O Unit Wiring

Section 3-6

3-6 CP-series Expansion I/O Unit Wiring

CP-series Expansion I/O Units

Input Wiring

Model Inputs Outputs

40-point I/O | CP1W-40EDR 24-VvDC 16 relay outputs

Units CP1W-40EDT 24 inputs 16 transistor outputs (sinking)
CP1W-40EDT1 16 transistor outputs (sourcing)

32-point CP1W-32ER None 32 relay outputs

Output Units | cp1w-32ET 32 transistor outputs (sinking)
CP1W-32ET1 32 transistor outputs (sourcing)

20-point /0 | CP1W-20EDT1 24-VDC 8 relay outputs

Units CP1W-20EDT 12 inputs 8 transistor outputs (sinking)
CP1W-20EDT1 8 transistor outputs (sourcing)

16-point CP1W-16ER None 16 relay outputs

Output Units [cp1w-16ET 16 transistor outputs (sinking)
CP1W-16ET1 16 transistor outputs (sourcing)

8-point Input | CP1W-8ED 24-VDC None

Units 8 inputs

8-point Out- | CP1W-8ER None 8 relay outputs

put Units CP1W-8ET 8 transistor outputs (sinking)
CP1W-8ET1 8 transistor outputs (sourcing)

For details on wiring Expansion Units, refer to SECTION 9 Using Expansion
Units and Expansion I/O Units.

40-point I/0 Units (CP1W-40ED[ [ ]) (Terminal Block is nhot Removable)

s
- .
24vDC - | |+ (L
T
+| —

nil

CIO m+1

CIO m+2

A4

!

\T\

!

T

!

T

}

T

}

|

!

T

;

T

5

|

!

T

ﬁ

‘NC|NC‘COM‘01|03‘05|07‘09‘11|01‘03|05‘07|09|11

‘NC|NC|00|02|04‘06‘08‘10|700‘02‘04|06|08|10‘

NRRRARRERANI
\TTTTTT LTTT

)\ J
CIO m+1 ClIO m+2
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CP-series Expansion I/O Unit Wiring Section 3-6

Output Wiring CP1W-40EDR-40EDR (Relay Outputs)

NC |COM]|COM|COM| 03 JCOM| 06 JCOM| o1

P
e T e o [l [ oo

CP1W-40EDT (Sinking Transistor Outputs)

PR

NC [COM|COM|COM| 03 |COM| 06 |COM| 01 | 03 |JCOM| 06

=TT HITHE

CP1W-40EDT1 (Sourcing Transistor Outputs)

PR

NC |COM|COM|COM| 03 |[COM| 06 |[COM| 01 | 03 |COM| 06
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CP-series Expansion I/O Unit Wiring

Section 3-6

32-point Output Units (CP1W-32E[ [ ]) (Terminal Block is not Removable

Output Wiring

CP1W-32ER (Relay Outputs)

Upper Terminal Block

CIO n+1

ClO n+2

Lower Terminal Block

ClO n+3 ClO n+4

NC |COM|COM|COM|COM| 05 | 07 |COM 02 |COM[ 05 | 07 | NC | NC | NC
00 |01 ] 02|03 | 0406 | 00|01 |03]04|06]|NC[NC|NC

ooddbbbddds

00]01])02|03]04|06|00| 0103 |04]|06|NC

NC |[COM[COM|COMICOM[ 05 | 07 |COM| 02 |COM| 05 |07

L 0PPPPpReeee

CIO n+1

CIO n+2

Output Wiring

CP1W-32ET (Sinking Transistor Outputs)

Upper Terminal Block

CIO n+1 ClO n+2

ClO n+3 CIO n+4
Lower Terminal Block
ClO n+3 CIO n+4

1010758

NC |COM|COM|COM|COM| 05 | 07 |COM| 02 |COM| 05 | 07 | NC | NC | NC
00| O1] 02| 03| 04|06 | 00| 01| 03| 04| 06| NC| NC| NC

Bifi

ClO n+1 ClO n+2

Output Wiring

@ww

[00]ot]o2] 03] oa]o6]00] 0103 ]oa]os]nc]
|NC |COM|COM|COM|COM| 05 | 07 COM| 02 |c0M| os| o7|

\ J

CP1W-32ET1 (Sourcing Transistor Outputs)

Upper Terminal Block

CIO n+1 CIO n+2

ClOn+3 ClO n+4
Lower Terminal Block
CIO n+3 CIO n+4

- - -
- T T

AT

NC |COM[ICOM|COM|COM) 05 | 07 JCOM| 02 |COM| 05 [ 07 | NC | NC | NC

02 | 03 04 | 06 | NC | NC [ NC

L 9$999¢09908

00| 01] 02| 03| 04| 06 03| 04| 06| NC
NC [cOM|COM|COM|COM| 05 | 07 |COM| 02 JCOM| 05 [ 07

20 b4 000065
S

<X L L L

CIO n+1 CIO n+2
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CP-series Expansion I/O Unit Wiring

Section 3-6

20-point I/0 Units (CP1W-20ED[ [ 1) (Terminal Block is hot Removable)

Input Wiring CP1W-20ED[ 1]
CIO m+1

TELTTL
ST

|COM‘O1‘03‘05|07|09‘11‘

24VDC

|NC|OO‘02|O4|O6‘08|10|

l\ l\ l\ l\ l\ l\
| D

CIO m+1

Output Wiring CP1W-20EDR1 (Relay Outputs)

— bdabo

00 | O 02 | 04 | 05 07

COM|COM|COM| 03 |COM| 06

CP1W-20EDT (Sinking Transistor Outputs)

7@%@%@5@5

00 | O1

M{COM COM| 03 COM 06

BRI
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CP-series Expansion I/O Unit Wiring Section 3-6

CP1W-20EDT1 (Sourcing Transistor Outputs

00 ] O1 | 02 ) 04 | 05 | 07

111019

16-point Output Units (CP1W-16E[ I ) (Terminal Block is not Removable)
Output Wiring CP1W-16ER (Relay Outputs)

Unit Upper Terminal Block Unit Lower Terminal Block

R

NC |[COM| 01 | 03 |COM| 06 | NC

NC |COM|COM|COM| 04 | 06 |COM

NC | o0 | ot 02 [ 03 | 05 | 07

L 990000

Output Wiring CP1W-16ET (Sinking Transistor Outputs)
Upper Terminal Block Lower Terminal Block
CIO n+1 ClO n+2

r A\

‘ 11
[ 1

NC |COM|COM|COM| 04 | 06 [COM

i

r N\
NC | 00 | 02 | 04 | 05 | 07 | NC

NC |COM| 01 | 03 |[COM| 06 | NC

| 060000 || 19910

AN J

CIO nel ClO n+2
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CP-series Expansion I/O Unit Wiring Section 3-6

Output Wiring CP1W-16ET1 (Sourcing Transistor Outputs)
Upper Terminal Block Lower Terminal Block
CIO n+1 ClO n+2

e

— 11160159999

NC JCOM|COM|COM| 04 | 06 [COM

NC

NC |COM| 01 | 03 |COM| 06 | NC

L og¢9ed 1| 1991¢

CIO n+1 CIO n+2

8-point Input Units (CP1W-8ED) (Terminal Block is hot Removable
Input Wiring

Unit Upper Terminal Block Unit Lower Terminal Block

24VDC I~
-1 +

The Unit's upper terminal block COM
and lower terminal block COM are

O
—T + ‘ ‘ connected internally, but connect them
i l 24 VDC L — externally as well.

101



CP-series Expansion I/O Unit Wiring Section 3-6

8-point Output Units (CP1W-8EL)) (Terminal Block is not Removable)
Output Wiring CP1W-8ER (Relay Outputs)

Unit Upper Terminal Block Unit Lower Terminal Block

o oo

Output Wiring CP1W-8ET (Sinking Transistor Outputs)

Unit Upper Terminal Block Unit Lower Terminal Block

4.5t0
30 VDC

Output Wiring CP1W-8ET1 (Sourcing Transistor Outputs)

Unit Upper Terminal Block Unit Lower Terminal Block
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SECTION 4
I/0 Memory Allocation

This section describes the structure and functions of the /O Memory Areas and Parameter Areas.

4-1 Overview of /O Memory Area. ... ..ot 104
4-1-1  T/OMEMOry Ar€a . .. oottt et et e 104
4-1-2  OverviewoftheDataAreas . ........... ... ..., 105
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Overview of 1/0 Memory Area

Section 4-1

4-1
4-1-

Overview of /0 Memory Area

1 1/O Memory Area

This region of memory contains the data areas that can be accessed as
instruction operands. I/O memory includes the CIO Area, Work Area, Holding
Area, Auxiliary Area, DM Area, Timer Area, Counter Area, Task Flag Area,
Data Registers, Index Registers, Condition Flag Area, and Clock Pulse Area.

104

read/write.

2. Bits can be manipulated using TST(350), TSTN(351), SET, SETB(532),
RSTB(533), and OUTB(534).

. I/O Memory
Instruction
S
'
L4
Area Size Range | Task usage Allocation Bit Word Access Change Forcing
access | access " from CX- bit
Read Write | programmer | status
CIO |1/O Area Input 1,600 bits | CIO 0to | Shared by CP1L-EVEM | OK OK OK OK OK OK
Area Area (100 CIO 99 all tasks CPU Units and
words) CP-series
Output | 1,600 bits | CIO 100 Expansion ok ok |oK oK oK oK
Area (100 to CIO Expansion /O
words) 199 Units
1:1 Link Area 256 bits CIlO 3000 1:1 Links OK OK OK OK OK OK
(16 words) | to CIO
3015
Serial PLC Link Area | 1,440 bits | CIO 3100 Serial PLC OK OK OK OK OK OK
(90 words) | to CIO Links
3189
Work Area 14,400 ClO 3800 OK OK OK OK OK OK
bits (900 | to CIO
words) 6143
Work Area 8,192 bits | WO000 to OK OK OK OK OK OK
(512 W511
words)
Holding Area 8,192 bits | HO00 to OK OK OK OK OK OK
(512 H511
words) (Note 6)
Auxiliary Area 15,360 A000 to OK - OK Note 1 Note 1 No
bits (960 | A959
words)
TR Area 16 bits TRO to OK OK OK OK No No
TR15
Data Memory Area 32,768 D00000 No OK OK OK OK No
words to (Note
D32767 2)
(Note 7)
Timer Completion Flags 4,096 bits | TO000 to OK - OK OK OK OK
T4095
Counter Completion Flags 4,096 bits | CO000 to OK - OK OK OK OK
C4095
Timer PVs 4,096 TO000 to OK OK OK OK No
words T4095 (Note 4)
Counter PVs 4,096 C0000 to OK OK OK OK No
words C4095 (Note 5)
Task Flag Area 32 bits TKO to OK OK No No No
TK31
Index Registers 16 regis- IRO to Function OK OK Indirect Specific | No No
ters IR15 separatelyin address- | instruc-
each task ing only tions only
- - (Note 3)
Data Registers 16 regis- | DRO to -- No OK OK OK No No
ters DR15
Note 1. AO to A447 are read only and cannot be written. A448 to A959 are
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3.

4.

Index registers and data registers can be used either individually by task
or they can be shared by all the tasks (the default is individual use by task).

Timer PVs can be refreshed indirectly by force-setting/resetting the Timer
Completion Flags.

Counter PVs can be refreshed indirectly by force-setting/resetting the
Counter Completion Flags.

H512 to H1535 are used as a Function Block Holding Area. These words
can be used only for function block instances (internally allocated variable
area).

Data Memory Area for CPU Units with 20 1/O Points: DO to D9999 and
D32000 to D32767.

4-1-2 Overview of the Data Areas

H CIO Area

It is not necessary to input the “CIO” acronym when specifying an address in
the CIO Area. The CIO Area is generally used for data exchanges, such as
I/O refreshing with PLC Units. Words that are not allocated to Units may be
used as work words and work bits in the program.

Bit 15 00
Word CIO 0
Input Area
CIO 99
CIO 100
Output Area
CIO 199
Not used (see note).
CIO 1900

Reserved for system.

CIO 1999

Not used (see note).
CIO 3000

1:1 Link Area

CIO 3015

Not used (see note).
CIO 3100

Serial PLC Link Area

CIO 3189

Not used (see note).
CIO 3800

Work Area

ClO 6143

Note The parts of the CIO Area that are labelled “not used” may be used in pro-
gramming as work bits. In the future, however, unused CIO Area bits may be
used when expanding functions. Always use Work Area bits first.

1/0 Area (Inputs: CIO 0 to CIO 99, Outputs: CIO 100 to CIO 199

These words are allocated to built-in 1/0 terminals of CP1L-EL/EM CPU Units
and CP-series Expansion Units or Expansion I/O Units. Input words and out-
put bits that aren’t allocated may be used in programming.
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Work Area (W)

Holding Area (H)
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Note

Note

1:1 Link Area

These bits are used by the 1:1 Link Master and Slave. They are used for data
links between CP1L-EL/EM CPU Units and CPM2[] CPU Units.

Serial PLC Link Area

These words are allocated for use for data links (Serial PLC Links) with other
CP1L-EL/EM CPU Units or CP1H CPU Units. Addresses not used for Serial
PLC Links can be used in programming.

Internal I/O Area

These words can be used in programming; they cannot be used for 1/O
exchange with external I/O terminals. Be sure to use the work words provided
in the Work Area before using words in the Internal I1/0 Area or other unused
words in the CIO Area. It is possible that these words will be assigned to new
functions in future versions of the CPU Units. The parts of the CIO Area that
are labelled “Not used” are functionally identical to the Internal I/O Area.

Words in the Work Area can be used in programming; they cannot be used for
I/O exchange with external 1/O terminals. Use this area for work words and
bits before any words in the CIO Area.

Word 15 0 Bit
WO000

W511

These words should be used first in programming be assigned to new func-
tions in future versions of CP1L-EL/EM CPU Units.

Words in the Holding Area can be used in programming. These words retain
their content when the PLC is turned ON or the operating mode is switched
between PROGRAM mode and RUN or MONITOR mode.

Word 15 0 Bit
H000

H511

H512 to H1535 are used as a Function Block Holding Area. These words can
be used only for function block instances (internally allocated variable area).
These words cannot be specified as instruction operands in the user program.
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Auxiliary Area (A)

Temporary Relay Area
(TR)

Data Memory Area (D)

Timer Area (T)

Counter Area (C)

These words are allocated to specific functions in the system.
Refer to Appendix C Auxiliary Area Allocations by Function and Appendix D
Auxiliary Area Allocations by Address for details on the Auxiliary Area.

Word 15 0 Bit
A000

Read-only area

A447
A448

Read-write area

A959

The TR Area contains bits that record the ON/OFF status of program
branches. Refer to the CP1H/CP1L Programming Manual for details.

The DM Area is a multi-purpose data area that is normally accessed only in
word-units. These words retain their content when the PLC is turned ON or
the operating mode is switched between PROGRAM mode and RUN or MON-
ITOR mode.

CPU Unit with 30 or 40 I/O Points CPU Unit with 20 I/O Points
Bit 15 0 Bit 15 0
DO DO
D9999
D32000
D32767 D32767

There are two parts to the Timer Area: the Timer Completion Flags and the
timer Present Values (PVs). Up to 4,096 timers with timer numbers TO to
T4095 can be used.

Timer Completion Flags

These flags are read as individual bits. A Completion Flag is turned ON by the
system when the corresponding timer times out (i.e., when the set time
elapses).

Timer PVs

The PVs are read and written as words (16 bits). The PVs count up or down
as the timer operates.

There are two parts to the Counter Area: the Counter Completion Flags and
the Counter Present Values (PVs). Up to 4,096 counters with counter num-
bers CO to C4095 can be used.

Counter Completion Flags

These flags are read as individual bits. A Completion Flag is turned ON by the
system when the corresponding counter counts out (i.e., when the set value is
reached).
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Condition Flags

Clock Pulses

Task Flag Area (TK)

Index Registers (IR)

Data Registers (DR)

Counter PVs

The PVs are read and written as words (16 bits). The PVs count up or down
as the counter operates.

These flags include the Arithmetic Flags, such as the Error Flag and Equals
Flag, which indicate the results of instruction execution as well as the Always
ON and Always OFF Flags. The Condition Flags are specified with symbols
rather than addresses.

The Clock Pulses are turned ON and OFF by the CPU Unit’s internal timer.
These bits are specified with symbols rather than addresses.

A Task Flag will be ON when the corresponding cyclic task is in executable
(RUN) status and OFF when the cyclic task hasn’t been executed (INI) oris in
standby (WAIT) status.

Index registers (IR0 to IR15) are used to store PLC memory addresses (i.e.,
absolute memory addresses in RAM) to indirectly address words in I/O mem-
ory. The Index Registers can be used separately in each task or they can be
shared by all tasks.

Data registers (DRO to DR15) are used together with Index Registers. When a
Data Register is input just before an Index Register, the content of the Data
Register is added to the PLC memory address in the Index Register to offset
that address. The Data Registers can be used separately in each task or they
can be shared by all tasks.

4-1-3 Clearing and Holding I/O Memory
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Area Mode changed' Fatal error generated PLC power turned ON
Execution of FALS Other fatal errors PLC Setup set to PLC Setup set to
clear IOM Hold Bit hold IOM Hold Bit
status? status?
IOMHold | IOMHold | IOMHold | IOMHold | IOMHold | IOMHold | IOMHold | IOMHold | IOMHold | IOM Hold
Bit OFF Bit ON Bit OFF Bit ON Bit OFF Bit ON Bit OFF Bit ON Bit OFF Bit ON
CIO |I/O Area Cleared Retained | Retained | Retained |Cleared |Retained |Cleared |Cleared | Cleared Retained
Area Serial PC Link Area
Internal I/0 Area
Work Area (W) Cleared Retained | Retained | Retained | Cleared Retained | Cleared | Cleared Cleared Retained
Holding Area (H) Retained | Retained | Retained | Retained | Retained | Retained | Retained | Retained | Retained | Retained
Auxiliary Area (A) Status treatment depends on address.
Data Memory Area (D) Retained | Retained | Retained | Retained | Retained |Retained | Retained |Retained | Retained | Retained
Timer Completion Flags (T) Cleared Retained | Retained | Retained | Cleared Retained | Cleared Cleared Cleared Retained
Timer PVs (T) Cleared Retained | Retained | Retained | Cleared Retained | Cleared Cleared Cleared Retained
Counter Completion Flags (C) Retained | Retained | Retained | Retained | Retained |Retained |Retained | Retained | Retained | Retained
Counter PVs (C) Retained | Retained | Retained | Retained | Retained |Retained |Retained |Retained |Retained | Retained
Task Flags (TK) Cleared Cleared Retained | Retained | Cleared Cleared Cleared Cleared Cleared Cleared
Index Registers (IR) Cleared Retained | Retained | Retained | Cleared Retained | Cleared Cleared Cleared Retained
Data Registers (DR) Cleared Retained | Retained | Retained | Cleared Retained | Cleared Cleared Cleared Retained
Note 1. Mode changed from PROGRAM to RUN/MONITOR or vice-versa.

2. The PLC Setup’s IOM Hold Bit Status at Startup setting determines wheth-
er the IOM Hold Bit’s status is held or cleared when the PLC is turned ON.
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4-1-4 Hot Start/Hot Stop Functions
Operating Mode Changes

PLC Power ON

Note

Hot Start

Turn ON the IOM Hold Bit to retain all data* in 1/O memory when the CPU Unit
is switched from PROGRAM mode to RUN/MONITOR mode to start program
execution.

I/O memory

PROGRAM

Retain ClO and
t other areas

MONITOR or RUN

Hot Stop

When the IOM Hold Bit is ON, all data* in /O memory will also be retained
when the CPU Unit is switched from RUN or MONITOR mode to PROGRAM
mode to stop program execution.

MONITOR or RUN I/O memory
I Retain ClO and
other areas
PROGRAM

*The following areas of 1/0 memory will be cleared during mode changes
(between PROGRAM and RUN/MONITOR) unless the IOM Hold Bit is ON:
the CIO Area (I/O Area, Data Link Area and Internal 1/O Areas), Work Area,
Timer Completion Flags, and Timer PVs.

Auxiliary Area Flags and Words

Name Address Description

IOM Hold Bit | A500.12 | Specifies whether the I/O memory will be retained or not
when the CPU Unit operating mode is changed
(between PROGRAM and RUN/MONITOR) or when the
power is cycled.

OFF: I/O memory is cleared to 0 when the operating
mode is changed.

ON: I/O memory is retained when the operating mode
is changed between PROGRAM and RUN or

MONITOR.

When the IOM Hold Bit is ON, all outputs from Output Units will be maintained
when program execution stops. When the program starts again, outputs will
have the same status that they had before the program was stopped and
instructions will be executed. (When the IOM Hold Bit is OFF, instructions will
be executed after the outputs have been cleared.)

In order for all data* in I/O memory to be retained when the PLC is turned ON,
the IOM Hold Bit must be ON and it must be protected in the PLC Setup using
the IOM Hold Bit Status at Startup parameter.

Retained /'O memory
Power ON———» (|0 and
other areas
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Auxiliary Area Flags and Words

Name Address Description
IOM Hold Bit | A500.12 Specifies whether the I/O memory will be retained or
not when the CPU Unit operating mode is changed
(between PROGRAM and RUN/MONITOR) or when
the power is cycled.
OFF: I/0O memory is cleared to 0 when the operating
mode is changed.
ON: I/O memory is retained when the operating
mode is changed between PROGRAM and
RUN or MONITOR.
PLC Setup
Name Description Setting Default
IOM Hold | To retain all data in I/O | OFF: The IOM Hold Bit is cleared |OFF
Bit Status | memory when the PLC to 0 when power is cycled. | (Cleared)
at Startup |is turned ON, set the .
JOM Hold Bit at startup | ON: g‘e. status OL”‘?] |OM Hold
parameter to hold the it ||s(;eta|ne when power is
status of the I/O Hold Bit. cycled.

4-2

I/O Area and I/0O Allocations

Input Bits: CIO 0.00 to CIO 99.15 (100 words)
Output Bits: CIO 100.00 to CIO 199.15 (100 words)

The starting words for inputs and outputs are predetermined for CP1L-EL/EM
CPU Unit. Input bits in CIO 0 and CIO 1 and output bits in CIO 100 and CIO
101 are automatically allocated to the built-in I/O on the CPU Unit. CP-series
Expansion Units and CP-series Expansion 1/0O Units are automatically allo-
cated input bits in words starting from CIO 2 and output bits in words starting

from CIO 102.
e Allocated Words and Number of Expansion Units and Expansion I/O
Units
CPU Unit Allocated words Number of
Input bits Output bits Expansion Units
and Expansion 1/0
Units connected

CPU Unit with [CIO 0 CIO 100 1

20 I/O points

CPU Unit with [CIO 0 and CIO 1 [CIO 100 and CIO 101 |3

30 1/O points

CPU Unit with [CIO 0 and CIO 1 [CIO 100 and CIO 101 |3

40 1/O points

For example, with a CPU Unit with 40 I/O points, the input bits in CIO 0 and
CIO 1 and the outputs bits in CIO 100 and CIO 101 would be allocated to the
built-in 1/0 of the CPU Unit. Input bits in CIO 2 and higher and outputs bits in
CIO 102 and higher would be automatically allocated in order to any Expan-
sion Units or Expansion I/0O Units connected to the CPU Unit.

When the power to the CPU Unit is turned ON, the CPU Unit checks for any
Expansion Units and Expansion 1/0O Units connected to it and automatically
allocates I/O bits. If the order in which the Units are connected is changed, the
the bits used in the ladder program will no longer match the bits allocated to
the actual Units. Always review the ladder program whenever changing the
order in which Units are connected.
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4-2-1 1/O Bits Allocated to CPU Units
CPU Unit with 20 I/0 Points
12 inputs
cloo
Input bits (C10 0.00 to CIO 0.11)
Output bits %%11080.00 to CIO 100.07)

8 outputs

15 14 13 12 11 10 09 08

cloo |—| Do not use. | | | | |

07 06 05 04 03 02 01 00
I
[
L

I I
12 inputs bits

ClO 100 |_| Can be used as work bits.

CPU Unit with 30 I/0 Points

18 inputs
CIO 0 (CIO 0.00 to CIO 0.11)
Input bits CIO 1 (CIO 1.00 to CIO 1.05)
. CI0 100 (CIO 100.00 to CIO 100.07)
Output bits CIO 101 (CIO 101.00 to CIO 101.03)

8 outputs

15 14 13 12 11 10 09 08 07

I I I I
IJ_‘_I_( 8 output bits

06 05 04 03 02 01 00

I I I
cloo —| Do not use. 18 inputs bits —
CIO 1 I | I |
[ s
I I I I I l 12 output bits I—
ClO 100 Can be used as work bits. | I I i l
Cio 101 I I I I I | | | |

CPU Unit with 40 1/0 Points

24 inputs
Input bits CIO 0 (CIO 0.00 to CIO 0.11)
CIO 1 (CIO 1.00 to CIO 1.11)
Output bits CIO 100 (CIO 100.00 to CIO 100.07)
CIO 101 (CIO 101.00 to CIO 101.07)

16 outputs

15 14 13 12 11 10 09 08 07

06 05 04 03 02 01 00

cloo [ Do not use. ! 24 inputs bits |

ClO 1 I I I I I
ClO 100 —| Can be used as work bits. I I 16 output bits I
CIO 101 | | | | I I | | | I I
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4-2-2

For a CPU Unit with 40 I/O points (shown above), a total of 24 input bits are
allocated to the input terminal block. The bits that are allocated are input bits
CIO 0.00 to CIO 0.11 (i.e., bits 00 to 11 in CIO 0) and input bits CIO 1.00 to
CIO 1.11 (i.e., bits 00 to 11 in CIO 1).

In addition, a total of 16 output bits are allocated to the output terminal block.
The bits that are allocated are output bits CIO 100.00 to CIO 100.07 (i.e., bits
00 to 07 in CIO 0) and output bits CIO 101.00 to CIO 101.07 (i.e., bits 00 to 07
in CIO 1).

The upper bits (bits 12 to 15) not used in the input words cannot be used as
work bits. Only the bits not used in the output words can be used as work bits.

I/O Bits Allocated to Expansion 1/O Units

There are Expansion I/O Units for expanding inputs, for expanding outputs,
and for expanding both input and outputs. I/O bits starting from bit 00 in the
next word after the word allocated to the previous Expansion Unit, Expansion
I/O Unit, or CPU Unit are automatically allocated. This word is indicated as
“ClO m” for input words and as “CIO n” for output words.

Unit Input bits Output bits
No.of | No. of Addresses No.of | No. of Addresses
bits | words bits | words
Unit with 8 inputs CP1W-8ED 8 bits |1 word |CIO m (bits 00 to 07) | --- None None
Unit with | Relays CP1W-8ER None None 8 bits |1 word | CIO n (bits 00 to 07)
8 outputs I'Sinking | CPTW-8ET None |None 8bits |1 word | CIO n (bits 00 to 07)
transistors
Sourcing | CP1W-8ET1 None None 8 bits |1 word | CIO n (bits 00 to 07)
transistors
Unit with | Relays CP1W-16ER None None 16 bits | 2 words | CIO n (bits 00 to 07)
16 out- CIO n+1 (bits 00 to 07)
puts Sinking CP1W-16ET None |None 16 bits [ 2 words | CIO n (bits 00 to 07)
transistors CIO n+1 (bitS 00 to 07)
Sourcing |CP1W-16ET1 None None 16 bits | 2 words | CIO n (bits 00 to 07)
transistors CIO n+1 (bits 00 to 07)
Unit with | Relays CP1W-20EDR1 |12 bits |1 word |[CIO m (bits 00to 11) |8 bits |1 word |CIO n (bits 00 to 07)
201/0  ISinking  |CP1W-20EDT |12 bits |1 word | CIO m (bits 00 to 11) |8 bits |1 word |CIO n (bits 00 to 07)
transistors
Sourcing |CP1W-20EDT1 |12 bits|1 word |CIO m (bits 00to 11) |8 bits |1 word |CIO n (bits 00 to 07)
transistors
Unit with | Relays CP1W-32ER None None 32 bits | 4 words | CIO n (bits 00 to 07)
32 out- CIO n+1 (bits 00 to 07)
puts CIO n+2 (bits 00 to 07)
CIO n+3 (bits 00 to 07)
Sinking CP1W-32ET None None 32 bits | 4 words | CIO n (bits 00 to 07)
transistors CIO n+1 (bits 00 to 07)
CIO n+2 (bits 00 to 07)
CIO n+3 (bits 00 to 07)
Sourcing | CP1W-32ET1 None None 32 bits | 4 words | CIO n (bits 00 to 07)
transistors CIO n+1 (bits 00 to 07)
CIO n+2 (bits 00 to 07)
CIO n+3 (bits 00 to 07)
Unit with | Relays CP1W-40EDR 24 bits | 2 words | CIO m (bits 00 to 11) 16 bits | 2 words | CIO n (bits 00 to 07)
40 1/0 CIO m+1 (bits 00 to 11) CIO n+1 (bits 00 to 07)
Sinking CP1W-40EDT 24 bits | 2 words | CIO m (bits 00 to 11) 16 bits | 2 words | CIO n (bits 00 to 07)
transistors CIO m+1 (bits 00 to 11) CIO n+1 (bits 00 to 07)
Sourcing | CP1W-40EDT1 |24 bits |2 words | CIO m (bits 00 to 11) | 16 bits | 2 words | CIO n (bits 00 to 07)
transistors CIO m+1 (bits 00 to 11) CIO n+1 (bits 00 to 07)
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M I/O Bit Addresses

bits

bits

Output  n —| Can be used as work bits. l

Output n | | | | !

Units 8 Input Points (CP1W-8ED)
Eight input bits are allocated in one word (bits 00 to 07 in CIO m).

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Inputs m | Do not use. | | | | | | | | |

Only one word (8 bits) is allocated to an 8-input Expansion Input Unit. No out-
put words are allocated. Input bits 08 to 15 are always cleared by the system
and cannot be used as work bits.

Units with 8 Output Points (CP1W-8E[ I[ 1)
Eight output bits are allocated in one word (bits 00 to 07 in CIO n+1).

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

owws o [ [ | [ [ [ [T [ [ [ T [T [T T [ T ]

|<_| Can be used as work bits. I_’|

Only one word (8 bits) is allocated to an 8-output Expansion Output Unit. No
input words are allocated. Output bits 08 to 15 can be used as work bits.

Units with 16 Output Points (CP1W-16E[ I ])
Sixteen output bits in two words are allocated in two words (bits 00 to 07 in

CIO n and bits 00 to 07 in CIO n+1).
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

n+1 T T T T T T |

Two words (16 bits) are allocated to a 16-output Expansion Output Unit. No
input words are allocated. Output bits 08 to 15 can be used as work bits.

Units with 20 1/0 Points (CP1W-20ED[ 1 1)

Twelve input bits are allocated in one word (bits 00 to 11 in CIO m). Eight out-
put bits are allocated in one word (bits 00 to 07 in CIO n).

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Input bits M | Do not use. | | | | | | | | | | | | ‘

owpuoisn || | 1 [ [ 1 [ [ T T T T [T [ [ |
<—| Can be used as work bits.

One input word (12 bits) and one output word (8 bits) are allocated for a 20-
point Expansion 1/0O Unit.

Input bits 12 to 15 are always cleared by the system and cannot be used as
work bits. Output bits 08 to 15, however, can be used as work bits.
Units with 32 Output Points (CP1W-32E[ I ])

Thirty-two output bits are allocated in four words (bits 00 to 07 in CIO n, bits
00 to 07 in CIO n+1, bits 00 to 07 in CIO n+2 and bits 00 to 07 in CIO n+3).

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

n+1 |

l Can be used as work bits. [
n+2 T T T T

n+3 l l I I i
Four words (32 bits) are allocated to a 32-output Expansion Output Unit. No
input words are allocated. Output bits 08 to 15 can be used as work bits.
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4-2-3

Input bits

Output bits

Input bits

Output bits

114

CPU Unit

Units with 40 I/O Points (CP1W-40ED[ ][ ])
Twenty-four input bits in two words are allocated (bits 00 to 11 in CIO m and
bits 00 to 11 CIO m+1). Sixteen output bits in two words are allocated (bits 00
to 07 in CIO n and bits 00 to 07 in CIO n+1).

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Input m
bits m1 Do not use.
I I I I I
Output N
bigsp net Can be used as work bits. I

Two input words (24 bits) and two output words (16 bits) are allocated to a 40-
point Expansion I/O Unit. Input bits 12 to 15 cannot be used as work bits. Out-
put bits 08 to 15, however, can be used as work bits.

I/0 Allocation Examples with Expansion I/O Units

Example 1: Maximum I/O Capacity

The configuration shown in this example is for the maximum 1/O capacity. It
consists of a CPU Unit with 40 I/O points and three Expansion I/0O Units, each
with 40 1I/O points. Up to three Expansion I/O Units can be connected to a
CPU Unit with either 30 or 40 1/O points.

When Expansion I/O Units with 40 1/O points are connected, control is possi-
ble for up to 160 I/O points, including 96 inputs and 64 outputs.

Three Expansion I/0 Units, each with 40 I/O points

(40 /0 points) 14

CI0 0.00to CIO 0.11
CI0 1.00to CIO 1.11

24 input points [

16 output points
CIO 100.00 to CIO 100.07

CIO 2.00 to CIO 2.11
CIO 3.00 to CIO 3.11

24 input points

16 output points B

ClO 4.00 to CIO 4.11
Cl0 5.00to CIO 5.11

24 input points

16 output points H

ClO 6.00to ClO 6.11
CIO7.00to CIO 7.11

24 input points

16 output points

CIO 101.00 to CIO 101.07

ClO 102.00 to CIO 102.07 CIO 104.00 to CIO 106.07
ClO 103.00 to CIO 103.07 CIO 105.00 to CIO 105.07

CIO 106.00 to CIO 106.07|
CIO 107.00 to CIO 107.07|

Bit 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
= - 0°- T T T T T T
Clo0 r - )
I CPU Unit with 40 1/O points
CIO 1 1 1 1 1 1 1
T T T T T T
coz | ) . o .
I First Expansion I/O Unit with 40 I/O points
G031 Donotuse _—
cioa | ’ . o .
Second Expansion I/0 Unit with 40 1/O points
cios |1 | ! ! ! ! ! I ] !
T T T T T T T 1 T
cioe | Third Expansion /O Unit with 40 1/ points
coz 1 _ L _I_d_ I I I I I I I I
[ e e e e e e o e e e e e e
CI0 100 | T T T T T T T
CPU Unit with 40 I/O points ——
CIO 101 ! L L L L L L L
CIo 102 i T T T T 1 T T
I First Expansion I/O Unit with 40 I/O points —
ClO 103 . I L ] ] L L L
I|—' Can be used as work bits. T T T T T T T
ClO 104 Second Expansion 1/0 Unit with 40 1/O points —
CIO 105 L L ] ] L I I
: T T T T 1 T T
ClOo 106I Third Expansion 1/O Unit with 40 1/O points —
CIO107 o ] [ R I S [ I I ] I I ] ] ]
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Example 2: Connecting Expansion I/O Units with Only Inputs or Only
Outputs

If Expansion 1/0O Units with only inputs or only outputs are connected, the
input or output word not used by an Expansion 1/0O Unit is allocated to the next
Unit that requires it.

CPU Unit First Expansion I/O Unit:  Second Expansion I/0 Unit: Third Expansion 1/O Unit:
(30 1/0 points) Unit with 8 inputs Unit with 16 outputs Unit with 20 1/O
| i €0 0.00 to CIO 0.11
nput bits 10 1001 00 105 C10 2.00 to CIO 2,07 ) CI0 3.00 to CIO 3.11
- - | No inputs
18 input points 8 input points } 12 input points
12 output points No outputs H 16 output points 8 output points
Output bits CIO 100.00 to CIO 100.07 CIO 102.00 to CIO 102.07 CIO 104.00 to CIO 104.0
CIO 101.00 to CIO 101.03 CI0 103.00 to CIO 103.07

Bit 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

-~ — — —_ -
Cloo0 '_ T | CPU Unit with 30 1/0 points__}
, cio1 I b
Input bits — Do not use.
Clo 2 I | | First Expansion 1/O Unit: Unit with 8 inputs
L Clo3 U J_ _ |_ Third Expansion I/O Unit: Unit with 20 /O _|_|_
r r=-—r=—"""- 71— " T~ T T j
Clo 100 ¢ T CPU Unitwith 30 /0 ]
ClO 101 | [ points
Output bits I i 1 1 N
clo 102 § Can be used as work bits. Second Expansion 1/0 Unit:
ClO 103 | Ulnit with|16 outpiuts |
| T T T T T
\ CIO 104 b Jd a1 Third Expansion 1/0 Unit: Unit with 20 1/O

4-2-4  1/0 Word Allocations to Expansion Units

Unit Input words Output words
Analog I/0 Units CP1W-MAD11 |2 words |CIO mto CIOm+1 |1 word |CIOn
CP1W-MAD42 |4 words |CIO mto CIO m+3 |2 words | CIO n to CIO n+1
CP1W-MAD44 |4 words |CIO m to CIO m+3 |4 words | CIO n to CIO n+3

Analog Input Units CP1W-ADO041 4 words | CIO mto CIO m+3 |2 words | CIO n to CIO n+1
CP1W-ADO042

Analog Output Units CP1W-DA021 None 2 words |CIO n to CIO n+1
CP1W-DA041 None 4 words | CIO n to CIO n+3
CP1W-DA042

Temperature Sensor Units | CP1W-TS001 2 words | CIO m to CIO m+1 | None
CP1W-TS002 4 words | CIO mto CIO m+3 |None
CP1W-TS003 |4 words |CIO m to CIO m+3 |None
CP1W-TS004 2 words |ClIOmto CIOm+1 [1word |CIOn
CP1W-TS101 2 words | CIO mto CIO m+1 |None
CP1W-TS102 4 words | CIO m to CIO m+3 |None

CompoBus/S 1/0 Link CP1W-SRT21 1word |CIOm 1word |[CIOn
Units

m: Indicates the next input word after the input word allocated to the
Expansion Unit, Expansion 1/O Unit, or CPU Unit to the left of the cur-
rent Unit.

n: Indicates the next output word after the output word allocated to the
Expansion Unit, Expansion 1/O Unit, or CPU Unit to the left of the cur-
rent Unit.
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Input bits

Output bits

H 1/0 Word Allocations to Expansion Units

CPU Unit with 40 I/O Points + TS002 + DA041 + 40ED

CPU Unit
(40 1/0 points)

First Unit:
Temperature Sensor Unit

Second Unit:
Analog Input Unit

Third Unit:
Expansion I/O Unit with 40 I/O points

CI0 0.00 to CIO 0.11
CI0 1.00 to CIO 1.11
24 input points

16 output points
CIO 100.00 to CIO 100.07

CIO 101.00 to CIO 101.07

Cl02toCIO5

TS002

No inputs

DA041

| No outputs |

| ClO 102 to CIO 105 |

Cl0 6.00 to CIO 6.11
CI0 7.00 to CIO 7.11
24 input points

16 output points

CIlO 106.00 to CIO 106.07|
ClO 107.00 to CIO 107.07|

Bit 15 14 13

12 11 10 09

08 07 06 05 04

I I

I T

I I I I

Cloo0
ClO1
Clo2

Do not use.

CPU Unit with 40 I/O points

Input bits clo3 First Unit: Temperature Sensor Unit
ClO 4 y \ . ) \

ClO5 | | | | | !

I I I 1 | I
Cl06  —— Do not use. Third Unit: Expansion I/O Unit with 40
\ ClIO7 | | | I L L L ] I I

( Tt s aT TS st TT

| |
clo100 Can be used as work bits. | cPU LlJnit witrl1 40 I/OIpointsI o
CIO 101 —
CIO 102 ! ! !
CIO 103
CIO 104 '
CIO105|'——————‘|'————"—

clo106 F—T— Can be used as work bits.
N ClI0107 = = b= e el e e i

1:1 Link Area

The 1:1 Link Area contains 256 bits (16 words) with addresses ranging from
CIO 3000.00 to CIO 3015.15 (CIO 3000 to CIO 3015).

These bits are used to create 1:1 links (i.e., shared data link areas) by con-
necting the RS-232C ports of two PLCs, including the CP1L-EL/EM, CPM1A,
CPM2A, CPM2B, CPM2C, SRM1(-V2), CQM1H, and C200HX/HG/HE(-Z).

L______.!.____-._

Output bits

Second Unit: Analog Output Unit

Third Unit: Expansion 1/0 Unit with 40 1/O points

4-3

1:1 Links

Master

5 CP1L-EL/EM,
CPM1A,

CPM2A,

CPM2B,

CPM2C,
SRM1(-V2),
CQM1H,
C200HX/HG/HE(-Z),
Other C-series PLCs

CIO 3000 CIO 3000

Write words Read words

CIO 3007 CIO 3007

CIO 3008 CIO 3008

Read words Write words

CIO 3015 CIO 3015

Refer to 8-3-6 1:1 Links for information on using 1:1 links.
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4-4 Serial PLC Link Area

The Serial PLC Link Area contains 1,440 bits (90 words) with addresses rang-
ing from CIO 3100.00 to CIO 3189.15 (CIO 3100 to CIO 3189).

Words in the Serial PLC Link Area can be used for data links with other PLCs.

Serial PLC Links exchange data among CPU Units via the built-in RS-232C
ports, with no need for special programming.

The Serial PLC Link allocations are set automatically by means of the follow-
ing PLC Setup in the Polling Unit.

e Serial PLC Link Mode

* Number of Serial PLC Link transfer words

e Maximum Serial PLC Link unit number
CP1L-EL/EM CP1L-EL/EM CJ1M CPU

CPU Unit CPU Unit Unit
J |
<« Serial PLC
< < Link Area
L |
L] L] L]
RS-232C RS-232C RS-232C
port port port

Serial PLC Link

Addresses not used for Serial PLC Links can be used in programming, the
same as the Work Area.

Forcing Bit Status Bits in the Serial PLC Link Area can be force-set and force-reset.
Serial PLC Link Area The contents of the Serial PLC Link Area will be cleared in the following
Initialization cases:

1. When the operating mode is changed from PROGRAM mode to
RUN/MONITOR mode or vice-versa and the IOM Hold Bit is OFF

2. When the power is cycled
3. When the Serial PLC Link Area is cleared from the CX-Programmer

4. When PLC operation is stopped when a fatal error other than an
FALS(007) error occurs (The contents of the Serial PLC Link Area will be
retained when FALS(007) is executed.)
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4-5 Internal Work Area

Forcing Bit Status

Work Area Initialization

The Internal Work Area contains 512 words with addresses ranging from WO
to W511. These words can be used in programming as work words.

There are unused words in the CIO Area (CIO 3800 to CIO 6143) that can
also be used in the program, but use any available words in the Work Area
first because the unused words in the CIO Area may be allocated to other
applications when functions are expanded.

Bits in the Work Area can be force-set and force-reset.

The contents of the Work Area will be cleared in the following cases:

1. When the operating mode is changed from PROGRAM to RUN or MONI-
TOR mode or vice-versa and the IOM Hold Bit is OFF

2. When the power is cycled
3. When the Work Area is cleared from the CX-Programmer.

4. When PLC operation is stopped when a fatal error other than an
FALS(007) error occurs. (The contents of the Work Area will be retained
when FALS(007) is executed.)

4-6 Holding Area (H)

Holding Area Initialization

Self-maintaining Bits

Note

118

The Holding Area contains 512 words with addresses ranging from HO to
H511 (bits H0.00 to H511.15). These words can be used in programming.

Data in the Holding Area is not cleared when the power is cycled or the PLC’s
operating mode is changed from PROGRAM mode to RUN or MONITOR
mode or vice-versa.

A Holding Area bit will be cleared if it is programmed between IL(002) and
ILC(003) and the execution condition for IL(002) is OFF. To keep a bit ON
even when the execution condition for IL(002) is OFF, turn ON the bit with the
SET instruction just before IL(002).

When a self-maintaining bit is programmed with a Holding Area bit, the self-
maintaining bit won’t be cleared even when the power is reset.

1. If a Holding Area bit is not used for the self-maintaining bit, the bit will be
turned OFF and the self-maintaining bit will be cleared when the power is
reset.

2. If a Holding Area bit is used but not programmed as a self-maintaining bit
as in the following diagram, the bit will be turned OFF by execution condi-
tion A when the power is reset.

HO0.00

I ()

A H0.00

|| A

3. H512 to H1535 are used as a Function Block Holding Area. These words
can be used only for function block instances (internally allocated variable
area). These words cannot be specified as instruction operands in the user
program.
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Precautions

When a Holding Area bit is used in a KEEP(011) instruction, never use a nor-
mally closed condition for the reset input if the input device uses an AC power
supply. When the power supply goes OFF or is temporarily interrupted, the
input will go OFF before the PLC’s internal power supply and the Holding Area
bit will be reset.

B
Set input
| |
— | KEEP
Input A H1.00
Unit Ly Reset input
11
Instead, use a configuration like the one shown below.
B Seti
| et input
- B KEEP
npu H1.00
Unit A
I Reset input
I

There are no restrictions in the order of using bit address or in the number of
N.C. or N.O. conditions that can be programmed.

4-7 Auxiliary Area (A)

Forcing Bit Status

The Auxiliary Area contains 960 words with addresses ranging from AO to
A959). These words are preassigned as flags and control bits to monitor and
control operation.

A0 through A447 are read-only, but A448 through A959 can be read or written
from the program or the CX-Programmer.

Refer to Appendix C Auxiliary Area Allocations by Function and Appendix D
Auxiliary Area Allocations by Address for Auxiliary Area functions.

Read/write bits in the Auxiliary Area cannot be force-set and force-reset con-
tinuously.
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4-8 TR (Temporary Relay) Area

Forcing Bit Status

Examples

120

The TR Area contains 16 bits with addresses ranging from TRO to TR15.
These temporarily store the ON/OFF status of an instruction block for branch-
ing and are used only with mnemonics. TR bits are useful when there are sev-
eral output branches and interlocks cannot be used.

The TR bits can be used as many times as required and in any order required
as long as the same TR bit is not used twice in the same instruction block.

TR bits can be used only with the OUT and LD instructions. OUT instructions
(OUT TRO to OUT TR15) store the ON OFF status of a branch point and LD
instructions recall the stored ON OFF status of the branch point.

TR bits cannot be changed from the CX-Programmer.

In this example, a TR bit is used when two outputs have been directly con-
nected to a branch point.

............ Instruction Operand

0.00 " 0.02 003 ., LD 0.00
[ I ] OR 0.01
H ; I O ouT TRO

0.01 | 0.04 0.05 AND 0.02
| | O ouT 0.03
T LD TRO

............................... D od

ouT 0.05

In this example, a TR bit is used when an output is connected to a branch
point without a separate execution condition.

Instruction Operand
000 001 o0z o
[ |0

Q ouT TRO
......................................................... AND 001
.......... 0.03 " ouT 0.02
....................................... LD RO
........................................... OUT 003

Note A TR bit is not required when there are no execution conditions after the

branch point or there is an execution condition only in the last line of the
instruction block.

?,?o 0.01 Instruction Operand
IR LD 0.00
ouT 0.01
&05 ouT 0.02

Instruction Operand

0.00 0.01

|| LD 0.00
o ouT 0.01
002 0.03 AND 0.02
ouT 0.03
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4-9 Timers and Counters

4-9-1

Note

Timer Area (T)

The 4,096 timer numbers (TO000 to T4095) are shared by the TIM,
TIMX(550), TIMH(015), TIMHX(551), TMHH(540), TIMHHX(552), TTIM(087),
TTIMX(555), TIMW(813), TIMWX(816), TMHW(815), and TIMHWX(817)
instructions. Timer Completion Flags and present values (PVs) for these
instructions are accessed with the timer numbers.

The TIML(542), TIMLX(553), MTIM(543), and MTIMX(554) instructions do not
use timer numbers.

When a timer number is used in an operand that requires bit data, the timer
number accesses the Completion Flag of the timer. When a timer number is
used in an operand that requires word data, the timer number accesses the
PV of the timer. Timer Completion Flags can be used as often as necessary
as normally open and normally closed conditions and the values of timer PVs
can be read as normal word data.

The refresh method for timer PVs can be set from the CX-Programmer to
either BCD or binary.

It is not recommended to use the same timer number in two timer instructions
because the timers will not operate correctly if they are timing simultaneously.
(If two or more timer instructions use the same timer number, an error will be
generated during the program check, but the timers will operate as long as the
instructions are not executed in the same cycle.)

The following table shows when timers will be reset or maintained.

Instruction name Effect on PV and Completion Flag Operation in
Jumps and Interlocks
Mode change1 PLC Start-upz CNR(545)ICN Jumps Interlocks
RX(547) (JMP-JME) or (IL-ILC)
Tasks on
standby*
TIMER: TIM/TIMX(550) PV >0 PV—>0 PV — 9999 PVs refreshedin |PV —» SV
HIGH-SPEED TIMER: Flag—>OFF  |Flag—»>OFF |Flag— OFF |operatingtimers | (Resetto SV)
TIMH(015)/TIMHX(551) Flag —» OFF
ONE-MS TIMER:
TMHH(540)/TMHHX(552)
ACCUMULATIVE TIMER: PV Maintained PV Maintained
TTIM(087)/TTIMX(555)
TIMER WAIT: PVs refreshed in | ---
TIMW(813)TIMWX(816) operating timers
HIGH-SPEED TIMER WAIT:
TMHW(815)/TMHWX(817)
Note 1. If the IOM Hold Bit (A500.12) is ON, the PV and Completion Flag will be

retained when a fatal error occurs (including execution of FALS instruc-
tions) or the operating mode is changed from PROGRAM mode to RUN or
MONITOR mode or vice-versa. The PV and Completion Flag will be
cleared when power is cycled.

2. Ifthe IOM Hold Bit (A50012) is ON and the PLC Setup’s IOM Hold Bit Sta-
tus at Startup setting is set to protect the IOM Hold Bit, the PV and Com-
pletion Flag will be retained when the PLC’s power is cycled.

3. Since the TIML(542), TIMLX(553), MTIM(543), and MTIMX(554) instruc-
tions do not use timer numbers, they are reset under different conditions.
Refer to the descriptions of these instructions for details.
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4. The present value of TIM, TIMX(550), TIMH(015), TIMHX(551), TM-
HH(540), TMHHX(552), TIMW(813), TIMWX(816), TMHW(815) and TMH-
WX(817) timers programmed with timer numbers 0000 to 2047 will be
updated even when jumped between JMP and JME instructions or when
in a task that is on standby. The present value of timers programmed with
timer numbers 2048 to 4095 will be held when jumped or when in a task
that is on standby.

Forcing Bit Status Timer Completion Flags can be force-set and force-reset.

Timer PVs cannot be force-set or force-reset, although the PVs can be
refreshed indirectly by force-setting/resetting the Completion Flag.

Restrictions There are no restrictions in the order of using timer numbers or in the number
of N.C. or N.O. conditions that can be programmed. Timer PVs can be read as
word data and used in programming.

4-9-2 Counter Area (C)

The 4,096 counter numbers (C0O000 to C4095) are shared by the CNT,
CNTX(546), CNTR(012), CNTRX(548), CNTW(814), and CNTWX(818)
instructions. Counter Completion Flags and present values (PVs) for these
instructions are accessed with the counter numbers.

When a counter number is used in an operand that requires bit data, the
counter number accesses the Completion Flag of the counter. When a
counter number is used in an operand that requires word data, the counter
number accesses the PV of the counter.

The refresh method for counter PVs can be set from the CX-Programmer to
either BCD or binary. (Refer to the previous page).

It is not recommended to use the same counter number in two counter
instructions because the counters will not operate correctly if they are count-
ing simultaneously. If two or more counter instructions use the same counter
number, an error will be generated during the program check, but the counters
will operate as long as the instructions are not executed in the same cycle.

The following table shows when counter PVs and Completion Flags will be

reset.
Instruction name Effect on PV and Completion Flag
Reset Mode PLC startup | Reset Input | CNR(545)/CN| Interlocks
change RX(547) (IL-ILC)
COUNTER: PV >0 Maintained Maintained Reset Reset Maintained
CNT/CNTX(546) Flag — OFF
REVERSIBLE
COUNTER:
CNTR(012)/CNTRX(548)
COUNTER WAIT:
CNTW(814)/CNTWX(818)
Forcing Bit Status Counter Completion Flags can be force-set and force-reset.
Counter PVs cannot be force-set or force-reset, although the PVs can be
refreshed indirectly by force-setting/resetting the Completion Flag.
Restrictions There are no restrictions in the order of using counter numbers or in the num-

ber of N.C. or N.O. conditions that can be programmed. Counter PVs can be
read as word data and used in programming.
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4-9-3 Changing the BCD or Binary Mode for Counters and Timers

The refresh method for set values and present values for timers and counters
can be changed from BCD mode (0000 to 9999) to binary method (0000 to
FFFF) using the CX-Programmer

This setting is made in common for all tasks for all timers and counters.
1. Right-click New PLC in the project tree and select Properties.

% Untitled - CX-Programmer - [NewPLC1.NewProgram1.Sectionl [Diagramn
File Edit WYiew Insert PLC Program Simulation Tools  Window Help

DEH|R SR 2 |8|s o |(asRy

a X QAQ [l e A uew
BRERODS %2 FEH| %500« %2
===2 s n%n
SMEND ‘I[Program [Mame ; MewF
E% MewProject
=8 — FrlevwPLCI[CPIL-E] Offline [Section Mame : Sectio
3] Symbals Change...
= ;Zt:jzrgj Inserk Pragram 4
E% Programs /2 work Online
=1 MewPragrar &8 Start PLC-PT Integrated Simulation

o Symbil:
@ Section
B END Bl pLE Errar, Simulatar

& work Online Simulator

Operating Mode L4
,ﬂ,’m [Momitaring
Memory Allocation L4

| Compile All PLC Programs

& validate Symbols(aLL)

Transfer L4

B@ Compate Program. ..
& cue

Copy

E Paste

Delete

'T Allow Docking
Hide

Float In Main Window

m

Project £

2. Select the Execute Timer/Counter as Binary Option in the PLC Properties
Dialog Box. The timers and counters for all tasks will be executed in binary

mode.

PLC Properties |

-ﬁn]l General | F'mtectionl

Manne: |NewF‘LE‘| e 2
| Erogram
Tvpe: |CP1|—'E EM ety | ) Debug
| tonitar
¥ Use comment instuctions B

v Use section markers
W Dizplay dialog to show PLC Memony Backup Status
¥ Use IR/DFs independently per task

v Execute Timer/Counter as Binang
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4-10 Data Memory Area (D)

Forcing Bit Status

Indirect Addressing

124

Note

CPU Units with 30 or 40 I/O points: DO to D32767
CPU Units with 20 I/0 points: DO to D9999 and D32000 to D32767

CPU Unit with 30 or 40 I/O Points CPU Unit with or 20 I/O Points
DO DO
D9999
D10000
Do not use.
D31999
D32000
D32199 D32299
D32200 pM Fixed Allocation D32300 4 Fixed Allocation
Words for Modbus-RTU Words for Modbus-RTU
D32399 | Easy Master D32399 | Easy Master
D32400 D32400
D32767 D32767

This data area is used for general data storage and manipulation and is
accessible only by word.

Data in the DM Area is retained when the PLC’s power is cycled or the PLC’s
operating mode is changed from PROGRAM mode to RUN/MONITOR mode
or vice-versa.

Although bits in the DM Area cannot be accessed directly, the status of these
bits can be accessed with the BIT TEST instructions, TST(350) and
TSTN(351).

Bits in the DM Area cannot be force-set or force-reset.

Words in the DM Area can be indirectly addressed in two ways: binary-mode
and BCD-mode.

Binary-mode Addressing (@D

When a “@” character is input before a DM address, the content of that DM
word is treated as binary and the instruction will operate on the DM word at
that binary address. The entire DM Area (DO to D32767) can be indirectly
addressed with hexadecimal values 0000 to 7FFF.

@D100 L0100 D256|_d—_|
y used.

Address actuall

BCD-mode Addressing (*D)

When a “x” character is input before a DM address, the content of that DM
word is treated as BCD and the instruction will operate on the DM word at that
BCD address. Only part of the DM Area (DO to D09999) can be indirectly
addressed with BCD values 0000 to 9999.

*D100 0100 D100

Address actually used.

(1) If an address between D10000 and D31999 is specified as an operand
for a CPU Unit with 20 I/O Points, an illegal area access error will occur.
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DM Fixed Allocation
Words for Modbus-RTU
Easy Master

(2) If two-word data is accessed from the last address in the DM Area (D9999
for the CP1L-EL20DLI-[J and D32767 for other CPU Units), the Access
Error Flag (P_AER) will turn ON and the data at D9999 or D32767 will not
be read or written.

The following DM area words are used as command and response storage
areas for the Modbus-RTU Easy Master function.
D32200 to D32299: Serial port 1 on CP1L CPU Unit with EM CPU type

D32300 to D32399: Serial port 2 on CP1L CPU Unit with EM CPU type and
serial port 1 on CP1L CPU Unit with EL CPU type

For use of these areas, refer to 8-3-3 Modbus-RTU Easy Master Function.

4-11 Index Registers

Indirect Addressing

Note

Note

The sixteen Index Registers (IR0 to IR15) are used for indirect addressing.
Each Index Register can hold a single PLC memory address, which is the
absolute memory address of a word in I/O memory. Use MOVR(560) to con-
vert a regular data area address to its equivalent PLC memory address and
write that value to the specified Index Register. (Use MOVRW(561) to set the
PLC memory address of a timer/counter PV in an Index Register.)

Refer to Appendix E Memory Map for more details on PLC memory
addresses.

“

When an Index Register is used as an operand with a “)” prefix, the instruction
will operate on the word indicated by the PLC memory address in the Index
Register, not the Index Register itself. Basically, the Index Registers are 1/0
memory pointers.

* All addresses in I/O memory (except Index Registers, Data Registers, and
Condition Flags) can be specified seamlessly with PLC memory
addresses. It isn’t necessary to specify the data area. I/O memory
addresses for IR, DR, and Condition Flags, however, cannot be held.

* In addition to basic indirect addressing, the PLC memory address in an
Index Register can be offset with a constant or Data Register, auto-incre-
mented, or auto-decremented. These functions can be used in loops to
read or write data while incrementing or decrementing the address by one
each time that the instruction is executed.

With the offset and increment/decrement variations, the Index Registers can
be set to base values with MOVR(560) or MOVRW(561) and then modified as
pointers in each instruction.

I/O Memory

Set to a base value Pointer
with MOVR(560) or
MOVRW(561).

IRO

(1) It is possible to specify regions outside of I/O memory and generate an
lllegal Access Error when indirectly addressing memory with Index Reg-
isters. Refer to Appendix E Memory Map for details on the limits of PLC
memory addresses.
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(2) When an Instruction Execution Error or an lllegal Access Error is gener-
ated during the execution of a certain instruction, the auto-increment/dec-
rement for the rest Index Registers of the instruction will not execute.

(3) An lllegal Access Error will be generated when indirectly addressing
memory in D10000 to D31999 with Index Registers for CPU Units with 20

I/0O Points.

The following table shows the variations available when indirectly addressing
I/O memory with Index Registers. (IRL] represents an Index Register from IR0

with auto-decrement

mented by 1 or 2 and the result is
treated as the PLC memory
address of a bit or word.

—IRU

Decrement by 2:
——IRU

to IR15.)
Variation Function Syntax Example
Indirect addressing | The content of IRL] is treated as | ,IRL] LD,IRO Loads the bit at the PLC
the PLC memory address of a bit memory address contained
or word. in IRO.
Indirect addressing | The constant prefix is added to the | Constant ,IRL] LD +5,IR0O |Adds 5 to the contents of IRO
with constant offset | content of IRL] and the result is (Include a + or — and loads the bit at that PLC
treated as the PLC memory in the constant.) memory address.
address of a bit or word.
The constant may be any integer
from —2,048 to 2,047.
Indirect addressing | The content of the Data Register | DRLI,IRL] LD Adds the contents of DRO to
with DR offset is added to the content of IRL] and DRO,IR0O the contents of IR0 and
the result is treated as the PLC loads the bit at that PLC
memory address of a bit or word. memory address.
Indirect addressing | After referencing the content of Increment by 1: LD, IRO++ |Loads the bit at the PLC
with auto-increment | IRL] as the PLC memory address |,IRCI+ memory address contained
of a bit or word, the content is Increment by 2: in IR0 and then increments
incremented by 1 or 2. RO+ the content of IR0 by 2.
Indirect addressing | The content of IRL] is decre- Decrement by 1: |LD , ——IRO | Decrements the content of

IR0 by 2 and then loads the
bit at that PLC memory
address.
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Example This example shows how to store the PLC memory address of a word (CIO 2)
in an Index Register (IR0), use the Index Register in an instruction, and use
the auto-increment variation.

MOVR(560) 2 IRO Stores the PLC memory address of
ClO 2in IRO.
MOV(021) #0001 IR0 Writes #0001 to the PLC memory ad-

dress contained in IRO.

MOV(021) #0020 +1,IR0 Reads the content of IR0, adds 1,
and writes #0020 to that PLC memo-

ry address.
MOV #0001 IR0

Regular PLC memory
data area address MOVE TO REGISTER instruction
address  1/0O memory v MOVR(560) 0002 IR0

0000 0CO00Hex

0001 0C00THex pointer IR0

0002 #0001 0C002Hex 4———| 0C002Hex

0003 #0020 0C003Hex

6655 ' OD7FFHex

HO00 0D800Hex

H5 11 | ODBFFHex

W000 ODEQOHex

W511 ' ODFFFHex

Note The PLC memory addresses are listed in the diagram above, but it isn’t nec-
essary to know the PLC memory addresses when using Index Registers.

Since some operands are treated as word data and others are treated as bit
data, the meaning of the data in an Index Register will differ depending on the
operand in which it is used.

1,2,3... 1. Word Operand:
MOVR(560) 0000 IR2
MQOV(021) DO , IR2

When the operand is treated as a word, the contents of the Index Register
are used “as is” as the PLC memory address of a word.

In this example MOVR(560) sets the PLC memory address of CIO 2 in IR2
and the MOV/(021) instruction copies the contents of DO to CIO 2.

2. Bit Operand:
MOVR(560) 000013 ,IR2
SET +5, IR2

When the operand is treated as a bit, the leftmost 7 digits of the Index Reg-
ister specify the word address and the rightmost digit specifies the bit num-
ber. In this example, MOVR(560) sets the PLC memory address of CIO 13
(0CO00D hex) in IR2. The SET instruction adds +5 from bit 13 (D hex) to this
PLC memory address, so it turns ON bit CIO 1.02.

Index Register The Index Registers will be cleared in the following cases:

Initialization 1. When the operating mode is changed from PROGRAM to RUN or MONI-
TOR mode or vice-versa

2. When the power is cycled
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Setting Index Registers

Direct Addressing

128

Always set the required value in an index register before using it. The contents
of an index register will be unpredictable if it is not set in advance.

The contents of an index register is also unpredictable after an interrupt task
is started. When using index registers inside an interrupt task, use
MOVR(560) (for anything but timer/counter PVs) or MOVRW(561) (for
timer/counter PVs) to set the required value.

“wn

When an Index Register is used as an operand without a “,” prefix, the instruc-
tion will operate on the contents of the Index Register itself (a two-word or
“double” value). Index Registers can be directly addressed only in the instruc-
tions shown in the following table. Use these instructions to operate on the
Index Registers as pointers.

The Index Registers cannot be directly addressed in any other instructions,
although they can usually be used for indirect addressing.

Instruction group Instruction name Mnemonic
Data Movement MOVE TO REGISTER MOVR(560)
Instructions MOVE TIMER/COUNTER PV TO REG- | MOVRW(561)

ISTER
DOUBLE MOVE MOQOVL(498)
DOUBLE DATA EXCHANGE XCGL(562)
Table Data Processing SET RECORD LOCATION SETR(635)
Instructions GET RECORD NUMBER GETR(636)
Increment/Decrement DOUBLE INCREMENT BINARY ++L(591)
Instructions DOUBLE DECREMENT BINARY ——L(593)
Comparison Instructions | DOUBLE EQUAL =L(301)
DOUBLE NOT EQUAL <>L(306)
DOUBLE LESS THAN <L(311)
DOUBLE LESS THAN OR EQUAL <=L(316)
DOUBLE GREATER THAN > L(321)
DOUBLE GREATER THAN OR EQUAL |> =L(326)
DOUBLE COMPARE CMPL(060)
Symbol Math Instructions | DOUBLE SIGNED BINARY ADD WITH- | +L(401)
OUT CARRY
DOUBLE SIGNED BINARY SUBTRACT |-L(411)
WITHOUT CARRY

The SRCH(181), MAX(182), and MIN(183) instructions can output the PLC
memory address of the word with the desired value (search value, maximum,
or minimum) to IRO. In this case, IR0 can be used in later instructions to
access the contents of that word.
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4-11-1 Using Index Registers

Processing of multiple (identical) instructions such as consecutive addresses
for table data can be merged into one instruction by combining repetitive pro-
cessing (e.g., FOR(513) and NEXT(514)instructions) with indirect addressing
using Index Registers, thereby simplifying programming.

Instruction execution Table data
repeatedly incrementing
IRO by 1

- Indirect q

—Instruction .
addressing
,IRO
IRO

The Index operation uses the following procedure.

1. PLC memory addresses for the addresses in the Index Registers are
stored using a MOVR instruction.

2. Operation is then executed by indirectly addressing Index Registers to the
operand for Instruction A.

3. The addresses are moved using processing such as adding, subtracting,
incrementing, or decrementing the Index Register (see note).

4. Steps 2 and 3 are processed repeatedly until the conditions are met.

Note Adding, subtracting incrementing, or decrementing for the Index
Register is performed using one of the following methods.

* Each Type of Indirect Addressing for Index Registers:
Auto-increment (,IRCI+ or ,IRLJ++), auto-decrement (,-IRL] or ,--IRL]),
constant offset (constant ,IRL]), and DR offset (DRL],IRLI) for Index
Registers

e Instructions for Direct Addressing of Index Registers:
DOUBLE SIGNED BINARY ADD WITHOUT CARRY (+L), DOUBLE
SIGNED BINARY SUBTRACT WITHOUT CARRY (-L), DOUBLE IN-
CREMENT BINARY (++L), DOUBLE DECREMENT BINARY (--L)

Example:

The PLC memory address

4{ —{ MOVR m IRO of address m is stored in IR0.

4{ Instruction A m+1
\ Repeated execution,
N e.g., loop for
4{ }—‘ Instruction A IR0+ FOR or NEXT.

4{ Instruction A m+n

If, for example, instruction A above is a comparison instruction, table data
could be read from start to the end of the table to compare all of the data with
a specific value. In this way, blocks of user-defined processing can be freely
created depending by applying Index Registers.
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B Example Using Index Registers

In the following example, TIM instructions for timer numbers 0 to 99 use set
values in D100 to D199. This can be achieved by using one TIM instruction,
using an index register for the timer number, using another index register for
the Completion Flags, and repeatedly executing the TIM instruction to start

the timers.

The PLC memory addresses for each T0's PV, Completion
Flag, and W0.00 are set in Index Registers IR0, IR1, and IR2 using a
MOVRW or MOVR instruction.

Y

- The TIM instruction is executed for the timer number
(timer PV) that IR0+ indirectly addresses.

- The Timer Completion Flag that is indirectly addressed for
IR1+ turns ON when the time elapses. When the ON status
is received, bits in the work area that are indirectly
addressed for IR2+ are turned ON.

- The contents of IR0+, IR1+, and IR2+ are automatically
incremented by one after accessing the values using indirect
addressing.

- DO is incremented.

Repeated
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MOVRW

TO

IRO

MOVR

TO

IR1

MOVR

W0.00

IR2

MOV

&100

DO

JMP

&1

,IR2
s

FOR

&100

Al

TIM

,IRO+
@Do

JIR2+

++

DO

NEXT

JME

&1

The PLC memory address for the
PV area for TO is set in IRO.

The PLC memory address for the
Completion Flag for TO is set in IR1.

The PLC memory address for W0.00
is setin IR2.

The value &100 (100 decimal) is

set in DO.

If the above are not set, the FOR to
NEXT loop is not executed, and if
the above are set, the loop is executed.

Start of repetition (100 times)

W0.00
e TIM
0000
D100
T0000 Wo0.00
i O
1
W0.01
e TIM
0001
D101
T0001 Wo.01
| |
| O
W6.03
A TIM
0099
D199
T0099 We.03

When indirect addressing for IR2

is OFF, timers are started with indirect
addressing (auto-increment) for IR0 as
the timer number and indirect addressing
for DO as the timer SV.

Indirect addressing for IR2 will turn ON

(auto-increment) when indirect addressing

for IR1 is ON (auto-increment).

DO is incremented.

Return to FOR and repeat.

L—— Repeat execution of TIM instructions 100 times while incrementing each value for IR0
(timer number, PV), IR1 (Completion Flag), IR2 (W0.00 on), and @DO, and start TO to T99.
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4-11-2 Precautions for Using Index Registers

Precautions Do not use a Index Register until a PLC memory address has been set in the
register. The pointer operation will be unreliable if the registers are used with-
out setting their values.

The values in Index Registers are unpredictable at the start of an interrupt
task. When an Index Register will be used in an interrupt task, always set a
PLC memory address in the Index Register with MOVR(560) or MOVRW(561)
before using the register in that task.

Each Index Register task is processed independently, so they do not affect
each other. For example, IR0 used in Task 1 and IR0 used in Task 2 are differ-
ent. Consequently, each Index Register task has 16 Index Registers.

Limitations when Using Index Registers

e It is only possible to read the Index Register for the last task executed
within the cycle from the CX-Programmer. If using Index Registers with
the same number to perform multiple tasks, it is only possible with the CX-
Programmer to read the Index Register value for the last task performed
within the cycle from the multiple tasks, nor is it possible to write the Index
Register value from the CX-Programmer.

e It is not possible to either read or write to the Index Registers using Host
Link commands or FINS commands.

* A setting can be made from the CX-Programmer to share Index Registers
between tasks. This setting will be enabled uniformly for all Index Regis-
ters and Data Registers.

Sharing Index Registers The following setting can be made from the PLC Properties Dialog Box on the
CX-Programmer to control sharing Index and Data Registers between tasks.

PLC Properties A
-Wl General | F'rotec:tionl

Mame; [MewPLC1
e |EW | Brogram

Type:  [CRILE EM ey | ) Debug
| b onitar
W Use comment instructions C Fun

tode

¥ Use section markers

v Display dialag ta show PLC Memams Backup Status
[ {se |R/DR: independently per task:

[ Execute Timer/Counter as Binary

Monitoring Index Registers
It is possible to monitor Index Registers as follows:

To use the Programming Devices to monitor the final Index Register values for
each task, or to monitor the Index Register values using Host Link commands
or FINS commands, write a program to store Index Register values from each
task to another area (e.g., DM area) at the end of each task, and to read Index
Register values from the storage words (e.g., DM area) at the beginning of
each task. The values stored for each task in other areas (e.g., DM area) can
then be edited using the CX-Programmer, Host Link commands, or FINS
commands.
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Note Be sure to use PLC memory addresses in Index Registers.

IR storage words for task 1
D01000
Task 1 {1 potoot
a IRO
Y -
Pgi MOVL D1001 and D1000
D01000 stored in IR0 or 0000C000Hex
IR0 IRO
a or
|1 VMOVR @
11
Actual memory address of \ 501000
0000| | CIO 0 (0000C000 hex) [
1RO stored in IR0 | | 01001
IR0
" -
1l MOVL Contents of IR0 stored in
1RO D01001 and D0O1000
B01000
l IR storage words for task 2
D02000
Task 2
{ {Dozom
a IRO
A MOVL D02001 and D02000 =
D02000 stored in IRO 0000C005Hex
1RO
a or IRC
11 3
11 MOVR Actual memory address i
0005 CIO 5 (0000C005 hex) {D02000
RO stored in IR0 [ 1002001
IR0
I} MOVL , =
Contents of IR0 stored in
IR0 D02001 and D02000
D02000
Periphera| Servicing Read D01001 Read D02001
and D01000 and D02000
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4-12 Data Registers

Forcing Bit Status

Examples

Range of Values

Data Register Initialization

IOM Hold Bit Operation

134

The sixteen Data Registers (DRO to DR15) are used to offset the PLC mem-
ory addresses in Index Registers when addressing words indirectly.

The value in a Data Register can be added to the PLC memory address in an
Index Register to specify the absolute memory address of a bit or word in 1/O
memory. Data Registers contain signed binary data, so the content of an
Index Register can be offset to a lower or higher address.

Normal instructions can be used to store data in Data Registers.

Bits in Data Registers cannot be force-set and force-reset.

Set to a base value VO Memory
with MOVR(560) or
MOVRW(561). Pointer
\ 4
(o 1) |~
Set with a regular IRO —>
instruction. ]

e |

DRO

The following examples show how Data Registers are used to offset the PLC
memory addresses in Index Registers.

LD DRO ,IRO Adds the contents of DRO to the contents
of IR0 and loads the bit at that PLC mem-
ory address.

MOV(021) #0001 DRO,IR1 Adds the contents of DRO to the contents
of IR1 and writes #0001 to that PLC
memory address.

The contents of data registers are treated as signed binary data and thus
have a range of —32,768 to 32,767.

Hexadecimal content | Decimal equivalent

8000 to FFFF -32,768 to -1

0000 to 7FFF 0to 32,767

The Data Registers will be cleared in the following cases:
1. When the operating mode is changed from PROGRAM mode to
RUN/MONITOR mode or vice-versa and the IOM Hold Bit is OFF

2. When the power is cycled and the IOM Hold Bit is OFF or not protected in
the PLC Setup

If the IOM Hold Bit (A500.12) is ON, the Data Registers won’'t be cleared
when a FALS error occurs or the operating mode is changed from PROGRAM
mode to RUN/MONITOR mode or vice-versa.

If the IOM Hold BIt (A500.12) is ON and the PLC Setup’s “IOM Hold Bit Status
at Startup” setting is set to protect the IOM Hold Bit, the Data Registers won’t
be cleared when the PLC’s power supply is reset (ON —-OFF —ON).
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Precautions

4-13 Task Flags

Note

Task Flag Initialization

Forcing Bit Status

Data Registers are normally local to each task. For example, DRO used in
task 1 is different from DRO used in task 2. (A PLC Setup setting can be made
from the CX-Programmer to share Data Registers between tasks.)

The content of Data Registers cannot be accessed (read or written) from the
CX-Programmer.

Do not use Data Registers until a value has been set in the register. The reg-
ister’s operation will be unreliable if they are used without setting their values.

The values in Data Registers are unpredictable at the start of an interrupt
task. When a Data Register will be used in an interrupt task, always set a
value in the Data Register before using the register in that task.

Task Flags range from TKOO to TK31 and correspond to cyclic tasks 0 to 31. A
Task Flag will be ON when the corresponding cyclic task is in executable
(RUN) status and OFF when the cyclic task hasn’t been executed (INI) oris in
standby (WAIT) status.

These flags indicate the status of cyclic tasks only, they do not reflect the sta-
tus of interrupt tasks.

The Task Flags will be cleared in the following cases, regardless of the status
of the IOM Hold Bit.

1. When the operating mode is changed from PROGRAM mode to
RUN/MONITOR mode or vice-versa

2. When the power is cycled.

The Task Flags cannot be force-set and force-reset.

4-14 Condition Flags

Note

Forcing Bit Status

Summary of the Condition
Flags

These flags include the Arithmetic Flags, such as the Error Flag and Equals
Flag, which indicate the results of instruction execution.

The Condition Flags are specified with symbols, such as P_CY and P_ER,
rather than addresses. The status of these flags reflects the results of instruc-
tion execution, but the flags are read-only; they cannot be written directly from
instructions or the CX-Programmer.

The CX-Programmer treats condition flags as global symbols beginning with
P

All Condition Flags are cleared when the program switches tasks, so the sta-
tus of the ER and AER flags are maintained only in the task in which the error
occurred.

The Condition Flags cannot be force-set and force-reset.

The following table summarizes the functions of the Condition Flags, although
the functions of these flags will vary slightly from instruction to instruction.
Refer to the description of the instruction for complete details on the operation
of the Condition Flags for a particular instruction.
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Name Symbol Function

Error Flag P_ER Turned ON when the operand data in an instruction is incorrect (an
instruction processing error) to indicate that an instruction ended
because of an error.

When the PLC Setup is set to stop operation for an instruction error
(Instruction Error Operation), program execution will be stopped and
the Instruction Processing Error Flag (A29508) will be turned ON
when the Error Flag is turned ON.

Access Error Flag | P_AER Turned ON when an lllegal Access Error occurs. The lllegal Access
Error indicates that an instruction attempted to access an area of
memory that should not be accessed.

When the PLC Setup is set to stop operation for an instruction error
(Instruction Error Operation), program execution will be stopped and
the Instruction Processing Error Flag (A29510) will be turned ON
when the Access Error Flag is turned ON.

Carry Flag P_CY Turned ON when there is a carry in the result of an arithmetic opera-
tion or a “1” is shifted to the Carry Flag by a Data Shift instruction.
The Carry Flag is part of the result of some Data Shift and Symbol
Math instructions.

Greater Than Flag |P_GT Turned ON when the first operand of a Comparison Instruction is
greater than the second or a value exceeds a specified range.

Equals Flag P_EQ Turned ON when the two operands of a Comparison Instruction are
equal the result of a calculation is 0.

Less Than Flag P_LT Turned ON when the first operand of a Comparison Instruction is less
than the second or a value is below a specified range.

Negative Flag P_N Turned ON when the most significant bit (sign bit) of a result is ON.

Overflow Flag P_OF Turned ON when the result of calculation overflows the capacity of the
result word(s).

Underflow Flag P_UF Turned ON when the result of calculation underflows the capacity of
the result word(s).

Greater Than or P_GE Turned ON when the first operand of a Comparison Instruction is

Equals Flag greater than or equal to the second.

Not Equal Flag P_NE Turned ON when the two operands of a Comparison Instruction are
not equal.

Less Than or P_LE Turned ON when the first operand of a Comparison Instruction is less

Equals Flag than or equal to the second.

Always ON Flag P_On Always ON. (Always 1.)

Always OFF Flag |P_Off Always OFF. (Always 0.)
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Using the Condition Flags

The Condition Flags are shared by all of the instructions, so their status may
change often in a single cycle. Be sure to read the Condition Flags immedi-
ately after the execution of instruction, preferably in a branch from the same
execution condition.

Instruction Operand

Condition Flag,
e.g.,|=

Instruction A

LD
Instruction A

The result from instruction A is | AND =
reflected in the Equals Flag. Instruction B

| Instruction B

Since the Condition Flags are shared by all of the instructions, program oper-
ation can be changed from its expected course by interruption of a single task.
Be sure to consider the effects of interrupts when writing the program. Refer
to SECTION 2 Programming of CS/CJ Series Programming Manual (W394)
for more details.

The Condition Flags are cleared when the program switches tasks, so the sta-

tus of a Condition Flag cannot be passed to another task. For example the
status of a flag in task 1 cannot be read in task 2.

Saving and Loading Condition Flag Status

The CP1L-EL/EM CPU Units support instructions to save and load the Condi-
tion Flag status (CCS(282) and CCL(283)). These can be used to access the
status of the Condition Flags at other locations in a task or in a different task.

The following example shows how the Equals Flag is used at a different loca-
tion in the same task.

Task

r—~~ Stores result of comparison in the Condition Flags.
This will enable loading the results to use with
Instruction B.

ccs r——- Saves status of Condition Flags.
\
—| A
—\ v cCL r—~~ Loads the statuses of the Conditions Flags that
- were stored.
| |- [nstucions ==~ The result of the comparison instruction in the

Equals Flag can be used by Instruction B without
interference from Instruction A.
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4-15 Clock Pulses

The Clock Pulses are flags that are turned ON and OFF at regular intervals by

the system.
Name Symbol Operation
0.02 s Clock Pulse |P_0_02_s - k= 0.01 ON for 0.01 s
oS OFF for0.01s
0.01s
0.1 s Clock Pulse |P_0_1s = |~ 005s ON for 0.05 s
m OFF for 0.05 s
-l 1=0.05s
0.2 s Clock Pulse |P_0_2s ONfor0.1s
- 0.1
j——j S_L OFF for0.1s
—i k—0.1s
1 s Clock Pulse P_1s 0.5s ONfor0.5s
] ' OFF for 0.5 s
- —0.55
1 min Clock Pulse |P_1min o l—30's ON for 30 s
OFF for 30 s
_“ -l —30s

The Clock Pulses are specified with symbols rather than addresses.

Note The CX-Programmer treats condition flags as global symbols beginning with
P_.

The Clock Pulses are read-only; they cannot be overwritten from instructions
or the CX-Programmer.

The Clock Pulses are cleared at the start of operation.

Using the Clock Pulses The following example turns CIO 100.00 ON and OFF at 0.5 s intervals.
1s 100.00 :
l 0 Instruction Operand
H Q LD 1s
ouTt 100.00
— —0.5s
100.00 ’
—! — 05s
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SECTION 5
CX-Programmer Connection, Program Transfer, Trial
Operation, and Debugging

This section describes the methods for CX-Programmer connection, the processes used to transfer the program to the CPU
Unit and the functions that can be used to test and debug the program.

5-1 Connecting the CX-Programmer . ............... .. .. ..., 140
5-1-1  Connecting to EthernetPort . . ......... ... .. ... .. ... .... 140
5-1-2  Connecting toa Serial Port. .. ....... ... .. .. ... .. .. .... 149
5-2  Program Transfer. ... ... ... ... . 151
5-3  Trial Operation and Debugging. . .......... .. .. .. ... i, 151
5-3-1 Forced Set/Reset. . ... ... ..., 151
5-3-2  Differential Monitoring. . .............c.. i 152
5-3-3  Online Editing. ... .. ..o 153
5-3-4  TracingData......... ... 155
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5-1 Connecting the CX-Programmer

The CX-Programmer (version 9.4 or higher), which runs on Windows, can be
used with CP-series CP1L-EL/EM PLCs. Computers running Support Soft-
ware (e.g., the CX-Programmer) can be connected to the Ethernet port or to a
serial port.

Note A Programming Console cannot be used with CP1L-EL/EM PLCs.

5-1-1 Connecting to Ethernet Port

CX-Programmer supports two methods for connecting online to the target
PLC, which are auto online and normal online.

Auto Online You can automatically and easily connect online to a PLC when PC and target
PLC are in same local network by using auto online function.

1,2,3... 1. Connect the Ethernet port to the computer via a twisted-pair cable or hub
according to the connection type (Refer to 6-3 Network Installation).

2. Select DirectEthernetUtility from the Menu as follow.

[T Games 3

7] Accessories »
3 indows Messenger

ij Cutlook Express

g Inkernet Explorer »
Eﬂ ‘Windows Movie Maker

'\a Windows Media Playver

ﬁ Windows Lpdate

) Microsoft Office 3
B CMRON s

M Communications Middieware Utilties  » DirectEthernetUtilicy
w5 Windows Cakalog 7] Ci-One
GUEEEEUEY (- <ot program Access and Defaults 7] Ci-Server

Log OFf Shui i s
It.‘Start Tl B @Untitled—CX—Programme...I
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3. Select a target network card to connect with.

Direct Ethernet Connection: Network Card Selection | x|

The function for Ethemet connection ta the controller without specifying an IP
address iz called 'Direct Ethernet connection’.
To uge the direct Ethernet connection function, select the target netwaork, card.

Select 5 network, card.

Metwork card name  : Generic Marvell Yukon 88E3072 bazed Ethe;l
IF address: 101105878

Cable : Connected

Statuz P addresz acquired

.
1 | »

™ Disable the direct Ethemnet connection functian.

Dizablz thiz function if communications are disablzd in the applization that
uzes the same nebwork card and there is no network card o switch,

Canfirmn the netwark cotnection status,

4. Open the CX-Programmer and click the PLC button as follow.

Z-Programmer

File Wiew | PLC Tools Help
0= | Auta Opline 4 l*‘hgirect Online

_ f=cp1L-Ethernet online
= 9: ©\ Q\ | o @E %gtherNet,n’IP Mode Online
&= B B e 0 |5h =2 E E

OETE SR
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5. Select the CP1L-Ethernet Online item. The user can also click the @

button in the Toolbars.

CP1L Ethernet Online x|

Changes the communication zettings of the project to go online
automatically with the CPTL Built-in Etheret Port.

Firzt, pleaze zelect a connection type. Then, please register IP address of
the conhecting PLC, and click the [Connect] button.

— Connection Type

£ HUE Connection I

Etharnet

P Address I 192 . 168 . 250, 1
Brawse |

Port Number; 9600

_:l
— Wwiork station Mode Mumber
= Auto-negotiation
. sl o [Azzigned by Target controller. ]

Connects with & CRIL CPU Uit with Built-in Ethernet Port through an
Ethernet Cable directly. Thiz connection type iz not neceszam to et the IP

address.

Cannect I Cancel |

6. Select a connection type
a. Choose the Direct Connection item and click the Connect button.
Then connection online is completed.

2= |ntitled - CX-Programmer - [[Running] - NewPLC1.NewProgram1.Sectiont [Diagram]] -1=1x|
[[A Fie Edit View Inset PLC Program Simulstion Tools Window Help - 181 x|

DEH RS swE(R2cazm o2 ||ze%|n[E)s 1 [ EAR & EBTRE|L (%8S
saqa [EsEsERzErniew | —opaEElx||Eoa(Puns BEBEEED |
EEEROS waPEELLEvYE |[BE(Rasranprtp||lamaars 5|
& 2 4% %% |
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[NewPLC1{Met:0, Node: ) - Run Mode [To7ms | [rung 0¢0, 0) - 100% [ [Classic [l

For Help, press F1

142



Connecting the CX-Programmer

Section 5-1

b. Choose the Hub Connection item and click Browse button to select

the PLC which user wants to connect.

CP1L Ethernet Online

=
Changes the communication settingz of the project to go anline
automatically with the CF1L Built-in Ethernet Port,
First, pleaze select a connection type. Then, please register |P address of
the connecting PLC. and click the [Connect] buttar.
— Connection Type
" Direct Connection
Ethernet
P &ddress : I 192 168 . 260 . 1
Ethernet
Browsze |
+ +
T T
Part Hurmber: ISEDD _|:_'
— W arkstation Mode Mumber
= Auto-negotiation
. ] 2 [Azzigned by Target controller. )
Connects with a CF1L CPU Unit with Builk-in Ethemet Port through an
Ethermet networks. This connection type can find the connectable PLC s by
the: [Browse] Buttan.
Connect I Cancel |
Select Target IP Address ] x|
!

al Area Connection

B ]
192.168.250.3 [CP1L-EL20DT1-D] MAC:000004,_3F0024 AUTO:169.254,
192.168.250.8 [CP1L-EM400R-D] MAC:000004_3F00ET AUTO:163.254.!

| H

ak. %J Cancel |
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CP1L Ethernet Online

x|

Changes the communication settings of the project to go online
automatically with the CPTL Built-in Ethernet Port.

First, pleaze select a connection type. Then, pleaze register [P address of
the connecting PLC, and click the [Connect] buttan,

— Connection Type
" Direct Connection
& PR Etharct
1P &ddress I 192,768 . 250, 5
Ethernet
"
; ;
T T
& PPPPPPr & PPPTTTr

Port Mumber:

ISBDD _Ij

— 4orkstation Mode Mumber
v

Auto-negotiation

! [Azzighned by Targat contraller. |

=

Connects with a CPTL CPU Unit with Built-in Ethermet Part through an
Ethermet networks, This connection type can find the connectable PLCs by
the [Browsze] Buttan,

Cancel |

Connect I

Click the Connect button to connect and then

completed.

9% ntitled - CX-Programmer - [[Running] - NewPLC1.NewProgram1.Sectioni [Diagram]]
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Connecting the CX-Programmer Section 5-1

Normal Online To connect with a PLC via Ethernet, there are two types of hardware connec-

tions that can be used (Refer to 6-3 Network Installation). These are

described in the following table.

Connection Type

Ethernet - Direct connection

Ethernet - HUB connection

Connection diagram

with HUB connection only.

Description The Ethernet port on the computeris | The Ethernet port on the computer is
connected directly to the Ethernet port | connected to a hub and then the CX-
on the PLC with a twisted-pair cable. Programmer is placed online with a
PLC through the Ethernet network.
Network Type Ethernet (FINS/TCP) Ethernet or Ethernet (FINS/TCP)
Destination PLC IP setting No need Need
PC IP setting No need Need
Network Type
Network Type Ethernet Ethernet (FINS/TCP)
Protocol FINS/UDP FINS/TCP
Features A standard protocol for host computers

A standard protocol for host computers
with either Direct connection or HUB
connection.

Ethernet - Direct

Connection
conn

ection method.

When the Ethernet port on the computer is connected directly to the Ethernet
port on the PLC with a twisted-pair cable, this mode can be selected as the

In this mode, user need not change the IP setting in PC side.
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1,2,3... 1. Select the PLC type as CP1L-E in Device Type in the CX-Programmer’s
Change PLC Dialog Box.

Change PLC |

-~ Device Mame
|MewPLC1

- Device Type

{CITM ~|  settings. |

[CITM -
~lCizH

Eljiﬁhé _I Settings... |

CP1H
CPIL

M [ CPMICPRTA] g Z —J

=
(1] I Cancel | Help |

2. Click the Settings button on the right side of Device Type. Choose the

CPU Type.
x
General |
—CPU Type
EM =]
CTEL 1
B T_
[10K [Step) =| I ReadOnly
— Expanszion Memanys
INnne j = Fead@rly
— File Memony
INDne j ™| Bead|Dry
r— Timer / Clock
¥ | [rstalled
hake Diefault |
ak I Cancel | Help

146



Connecting the CX-Programmer Section 5-1

3. Set Ethernet (FINS/TCP) in Network Type.
|

-~ Device Mame
|HewPLC1

-~ Device Type

jcPILE ~|  sstings |

— Metwork, Type

| Ethemet(FINS/TCP) =] settings.. |
Ethernet -

MJ-Thiu [USE Part]
MS-Thru [USE Port]

My-Thiru [Serial Part) A |
Wy-Thru [USE Part] s

STSMAL WAY

4

4. Click the Settings button on the right side of Network Type. The settings
in the Network Tab and in the Driver are as follow dialogue boxes.

Metwork Settings [Ethernet{FINS/TCP}] 5[

Metwork | Diriver |
~ FINS Source Addiess

Wetmark: Iﬁ [ades m Wit Iﬂ
 FINS Destination Address
Wetmark: IG Mode: ﬁ Wit ﬁ
—Frame Length————————— ~Responze Timeout (2]

= Hiast Lirk: Wit Humber = Metwark [perating Lewvel

ID _Ij = |0 L

(] 4 I Cancel Help
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Ethernet - HUB

connection

148

1,2,3...

MNetwork Settings [Ethernet{FINS,;TCP)]

Netwark Driver |

r— Connection Type

% Ethemet - Direct connection

" Ethemet - HUE connection

|F & ddiess: | 182 0 168 . 250 . 1

Port Murmber: ISEUU E

Brawse |

—Workstation Mode Mumber

I —| Auto-negotiation
L = i [&zsigned by Target contraller. ]

o ]

Cancel |

Help

5. Click [OK] and finish the settings of the direct connection.
6. Then connect to the CP1L-EL/EM by executing the CX-Programmer’s on-

line connection command.

When the Ethernet port on the computer is connected to a hub and then the
CX-Programmer is placed online with a PLC through the Ethernet network,
this mode can be selected as the connection method.

In this mode, user should change the IP setting in PC side in a same subnet

as PLC.

1. The settings of PLC type and CPU type are the same as Ethernet - Direct

connection.

2. Set Network Type. Both Ethernet and Ethernet (FINS/TCP) are supported.
In the following we will use Ethernet (FINS/TCP) as the sample.
The settings of Network Tab in Network Settings are also the same as

those in the Ethernet - Direct connection.

3. Set the connection type as Ethernet - HUB connection in Driver Tab.

Metwork Settings [Ethernet{FINS/TCP}]

Metwork,  Diriver |

— Connection Type

" Ethernet - Direct conmection

% Ethernet - HUE connection

I &ddress: | 192 0 168 . 250 . 1

Port Murber: | 9600 =

Browse |

—workztation Mode Murber

= Auto-negotiation
ID = ;
=1 4 [&zsigned by T arget contraller. ]

x|

Cancel

o]

Help




Connecting the CX-Programmer Section 5-1

4. Set the target PLC’s IP Address.

If do not know the target PLC’s IP address, user can click the Browse but-
ton on the right side of IP Address and it will show a dialogue box as follow.
The CX-Programmer will automatically search all CP1L-EL/EM series
PLCs under the same segment in the local area. All PLC found by CX-Pro-
grammer will be listed with the IP address, PLC’s type and MAC ID in the
Select Target IP Address dialogue box. Choose a target PLC to be con-
nected and click the OK button.

select Target IP Address i |

19216 5 [ZF'1 L-EM300T-D] MWAC: 000004_3F0075 AUTD:T69.254..
192168 2503 [CPTL-EL20D T1-D] MAC: 000004 _3F0024 ALTO:169.254.
192,168 250.3 [CP1L-EMA00R-D] MAC:000004_3F0061 AUTO:163.254.

4 | H

DK[ | Cancel

5. Change the IP setting in PC side to an IP address in same subnet as the
target PLC.

6. Click the OK button in the Network Settings dialogue box and finish the
settings.

7. Then connect to the CP1L-EL/EM by executing the CX-Programmer’s on-
line connection command.

5-1-2 Connecting to a Serial Port

Mounting a CP1W-CIF01 RS-232C Option Board in a CP1L-EL/EM Option
Board slot makes it possible to connect Support Software with serial commu-
nications, just as with previous models.

Personal computer
CX-One (e.g., CX-Programmer)

= D-Sub connector
T (9-pin, female)
Recommended cable
XW2Z-200S-CV (2 m) or

XW2Z-500S-CV (5 m) D-Sub connector

(9-pin, male)

CP1W-CIFO1
RS-232C Option Board
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Connection Method

Connect the CX-Programmer to the RS-232C port of the CP1W-CIF01 Option
Board by XW2Z-200S-CV/500S-CV RS-232C cable.

Connect the Programming Device using the Connecting Cable that is appro-
priate for the serial communications mode of the computer and CPU Unit.

Computer Connecting Cable CP1L-EL/EM CPU Unit
Model Connector Model Length Connector Serial
communications
mode
IBM PC/AT or | D-Sub 9 pin, XW2Z-200S-CV 2m D-Sub 9 pin, female Peripheral bus or Host
compatible male XW2Z-500S-CV 5m (With a CP1W-CIF01 RS- | Link (SYSWAY)
232C Option Board
mounted in Option Board
Slot 1 0or2))
Serial Communications Mode
Serial Features CPU Unit setting method
communications
mode
Peripheral bus This is the faster mode, so itis | Turn ON pins SW4 (Serial Port
(toolbus) generally used for CX-Pro- 1) and SW5 (Serial Port 2) on
grammer connections. the DIP switch on the front
*Only 1: 1 connections are panel of the CPU Unit. These
possible. settings enable connection by
«When a CP1L-EL/EM CPU peripheral bus regardless of the
Unit is used. the baud rate is serial port settings in the PLC
automatically detected by the Setup.
Support Software.
Host Link A standard protocol for host Turn OFF pins SW4 (Serial Port
(SYSWAY) computers with either 1: 1 or 1: | 1) and SW5 (Serial Port 2) on

Note
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N connections.

* Slower than the peripheral
bus mode.

¢ Allows modem or optical
adapter connections, or long-
distance or 1: N connections
using RS-422A/485.

the DIP switch on the front
panel of the CPU Unit.

The mode will then be deter-
mined by the serial port set-
tings in the PLC Setup. The
default settings are for Host
Link with a baud rate of 9,600
bits/s, 1 start bit, data length of
7 bits, even parity, and 2 stop
bits.

When a Serial Communications Option Board is mounted in Option Board
Slot 1, it is called “Serial Port 1”. When mounted in Option Board Slot 2, it is
called “Serial Port 2”.



Program Transfer Section 5-2

5-2 Program Transfer

The CX-Programmer is used to transfer the programs, PLC Setup, /0O mem-
ory data, and I/O comments to the CPU Unit with the CPU Unit in PROGRAM
mode. The following procedure is used.

1,2,3... 1. Select PLC - Transfer - To PLC. The Download Options Dialog Box will be
displayed.
2. Specify the items to transfer.
3. Click the OK Button.

Note The program data on a Memory Cassette can be automatic transferred when
the power is turned ON.

5-3 Trial Operation and Debugging

5-3-1 Forced Set/Reset

The CX-Programmer can force-set (ON) or reset (OFF) specified bits in the
CIO Area, Auxiliary Area, and HR Area, as well as timer/counter Completion
Flags. Forced status will take priority over status output from the program or I/0O
refreshing. This status cannot be overwritten by instructions, and will be stored
regardless of the status of the program or external inputs until it is cleared from
the CX-Programmer.

Force-set/reset operations are used to force input and output during a trial
operation or to force certain conditions during debugging.

Force-set/reset operations can be executed in either MONITOR or PRO-
GRAM modes, but not in RUN mode.

Note Turn ON the Forced Status Hold Bit (A500.13) and the IOM Hold Bit (A500.12)

at the same time to retain the status of bits that have been force-set or reset
when switching the operating mode.
Turn ON the Forced Status Hold Bit (A500.13) and the IOM Hold Bit
(A500.12), and set the Forced Status Hold Bit at Startup parameter in the PLC
Setup to retain the status of the Forced Status Hold Bit hold to retain the sta-
tus of bits that have been force-set or reset when turning OFF the power.

CPU Unit
Forced
Forced ON regardless <— set
of programming IS
©
>
Forced DE:
Input ignored — set

The following areas can be force-set and reset: CIO Area, Work Area, Timer
Completion Flags, HR Area, Counter Completion Flags.

CX-Programmer Operation
* Selecting bits for forced setting/resetting
* Selecting forced set or forced reset status
* Clearing forced status (also clearing all forced status at the same time)
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5-3-2 Differential Monitoring

When the CPU Unit detects that a bit set by the CX-Programmer has changed
from OFF to ON or from ON to OFF, the results are indicated in the Differenti-
ate Monitor Completed Flag (A508.09). The Flag will turn ON when conditions
set for the differential monitor have been met. The CX-Programmer can moni-
tor and display these results on screen.

CX-Programmer Operation

1,2,3...

5.

—_

CX-Programmer
L

Detects bit A OFF
to ON transition.

CPU Unit

1/O memory
Bit A

Moni-
tored for
OFF to
ON transi-
tion.

Right-click the bit for differential monitoring.

Click Differential Monitor from the PLC Menu. The Differential Monitor Di-
alog Box will be displayed.

Click Rising or Falling.

Click the Start Button. The buzzer will sound when the specified change is
detected and the count will be incremented.

Click the Stop Button. Differential monitoring will stop.

Related Auxiliary Bits/Words

Name

Address Description

Differentiate Monitor
Completed Flag

A508.09

Turns ON when the differential monitoring condition has been met dur-
ing differential monitoring.

Note: The flag will be cleared when differential monitoring is started.
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5-3-3 Online Editing

Precautions

Note

The Online Editing function is used to add to or change part of a program in a
CPU Unit directly from the CX-Programmer when the CPU Unit is in MONI-
TOR or PROGRAM mode. This function is designed for minor program
changes without stopping the CPU Unit.

Online editing is possible simultaneously from more than one computer run-
ning the CX-Programmer as long as different tasks are edited.

Online Editing

CX-Programmer

1

Operating in Program section changed
MONITOR mode.

The cycle time will be increased by from one to several cycle times if the pro-
gram in the CPU Unit is edited online in MONITOR mode. The cycle time will
also be increased to back up data in the flash memory after online editing.
The BKUP indicator will be lit during thi