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Important

B About This Manual

- This Manual should be passed on to the end user.

- Before using the controller, read this manual thoroughly to have a clear
understanding of the controller.

- This manual explains the functions of this product, but there is no guarantee that
they will suit the particular purpose of the user.

- Under absolutely no circumstances may the contents of this manual be transcribed
or copied, in part or in whole, without permission.

- The contents of this manual are subject to change without prior notice.

- Every effort has been made to ensure accuracy in the preparation of this manual.
However, should any errors or omissions come to the attention of the user, please
contact the nearest Yokogawa Electric representative or sales office.

B Safety Symbols

A

- Danger. This symbol on the product indicates that the operator must follow the
instructions laid out in this user's manual to avoid the risk of personnel injuries,
fatalities, or damage to the instrument. Where indicated by this symbol, the manual
describes what special care the operator must exercise to prevent electrical shock
or other dangers that may result in injury or the loss of life.

D

- Protective Conductor Terminal

This terminal is to prevent electric shock. Before using the instrument, connect to
the Protective earth (Comply with the regulation of each country.), and route the line
through the shortest path possible.

1

- Functional Earth Terminal

This terminal is for stable operation. Before using the instrument, be sure to ground
this terminal.

~
- Alternating current. Indicates alternating current.

- Direct current. Indicates direct current.
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The following symbols are used only in the user's manual.

AWARNING

Indicates a “Warning”.

Draws attention to information essential to prevent hardware damage, software
damage or system failure.

ﬁk CAUTION

TIP

Indicates a “Caution”

Draws attention to information essential to the understanding of operation and
functions.

Indicates a “TIP”
Gives information that complements the present topic.

SEE ALSO

Indicates a “SEE ALSO” reference.
Identifies a source to which to refer.

B Safety Precautions when Using/Maintaining the Product

B Exemption

For the protection and safe use of the product and the system controlled by it, be
sure to follow the instructions and precautions on safety stated in this manual
whenever handling the product. Take special note that if you handle the product in
a manner other than prescribed in these instructions, the protection feature of the
product may be damaged or impaired. In such cases, Yokogawa cannot guarantee
the quality, performance, function and safety of the product.

When installing protection and/or safety circuits such as lightning protection devices
and equipment for the product and control system as well as designing or installing
separate protection and/or safety circuits for fool-proof design and fail-safe design of
processes and lines using the product and the system controlled by it, the user
should implement it using devices and equipment, additional to this product.

If component parts or consumable are to be replaced, be sure to use parts specified
by the company.

This product is not designed or manufactured to be used in critical applications
which directly affect or threaten human lives and safety — such as nuclear power
equipment, devices using radioactivity, railway facilities, aviation equipment,
shipboard equipment, aviation facilities or medical equipment. If so used, it is the
user’s responsibility to include in the system additional equipment and devices that
ensure personnel safety.

Do not attempt to modify the product.
To avoid electrical shock, turn off the power before wiring.

This product is classified as Class A for use in industrial environments. If used in a
residential environment, it may cause electromagnetic interference (EMI).

In such situations, it is the user's responsibility to adopt the necessary measures
against EMI.

from Responsibility

Yokogawa Electric Corporation (hereinafter simply referred to as Yokogawa Electric)
makes no warranties regarding the product except those stated in the WARRANTY
that is provided separately.

Yokogawa Electric assumes no liability to any party for any loss or damage, direct or
indirect, caused by the use or any unpredictable defect of the product.
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B Software Supplied by the Company

Yokogawa Electric makes no other warranties expressed or implied except as
provided in its warranty clause for software supplied by the company.

Use the software with one computer only. You must purchase another copy of the
software for use with each additional computer.

Copying the software for any purposes other than backup is strictly prohibited.
Store the original media that contain the software in a safe place.
Reverse engineering, such as decompiling of the software, is strictly prohibited.

Under absolutely no circumstances may the software supplied by Yokogawa Electric
be transferred, exchanged, or sublet or leased, in part or as a whole, for use by any
third party without prior permission by Yokogawa Electric.
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B General Requirements for Using the FA-M3 / e-RT3 Controller

® Set the product in a location that fulfills the following requirements:

- Where the product will not be exposed to direct sunlight, and where the operating
surrounding air temperature is from 0°C to 55°C (32°F to 131°F).

There are modules that must be used in an environment where the operating
surrounding air temperature is in a range smaller than 0°C to 55°C (32°F to 131°F).
Refer to “Hardware Manual” (IM 34M06C11-01E) or the applicable user's manual. In
case of attaching such a module, the entire system's operating surrounding air
temperature is limited to the module's individual operating surrounding air
temperature.

- Where the relative humidity is from 10 to 90%.

In places where there is a chance of condensation, use a space heater or the like to
constantly keep the product warm and prevent condensation.

- For use in Pollution Degree 2 Environment.
- Where there are no corrosive or flammable gases.

- Where the product will not be exposed to mechanical vibration or shock that exceed
specifications.

- Where there is no chance the product may be exposed to radioactivity.

® Use the correct types of wire for external wiring:

- USE COPPER CONDUCTORS ONLY.
- Use conductors with temperature rating above 75°C.

@ Securely tighten screws:

- Securely tighten module mounting screws and terminal screws to avoid problems
such as faulty operation.

- Tighten terminal block screws with the correct tightening torque as given in this
manual. Refer to the “Hardware Manual’ (IM 34M06C11-01E) or the applicable
user's manual for the appropriate tightening torque.

® Securely lock connecting cables:

- Securely lock the connectors of cables, and check them thoroughly before turning
on the power.

® Interlock with emergency-stop circuitry using external relays:

- Equipment incorporating the FA-M3 / e-RT3 controller must be furnished with
emergency-stop circuitry that uses external relays. This circuitry should be set up to
interlock correctly with controller status (stop/run).

® Ground for low impedance:

- For safety reasons, connect the [FG] grounding terminal to a protective earth
(Comply with the regulation of each country.). For compliance to CE Marking, use
braided or other wires that can ensure low impedance even at high frequencies for
grounding.

® Configure and route cables with noise control considerations:

- Perform installation and wiring that segregates system parts that may likely become
noise sources and system parts that are susceptible to noise. Segregation can be
achieved by measures such as segregating by distance, installing a filter or
segregating the grounding system.
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® Configure for CE Marking Conformance:

For compliance to CE Marking, perform installation and cable routing according to
the description on compliance to CE Marking in the “Hardware Manual” (IM
34M06C11-01E).

The list of CE conforming models is available in Appendix A2. of “Hardware
Manual”.

® Keep spare parts on hand:

We recommend that you stock up on maintenance parts, including spare modules,
in advance.

Preventive maintenance (replacement of the module) is required for using the
module beyond 10 years.

® Discharge static electricity before touching the system:

Because static charge can accumulate in dry conditions, first touch grounded metal
to discharge any static electricity before touching the system.

® Wipe off dirt with a soft cloth:

Gently wipe off dirt on the product's surfaces with a soft cloth.

If you soak the cloth in water or a neutral detergent, tightly wring it out before wiping
the product. Letting water enter the module interior can cause malfunctions.

Do not use volatile solvents such as benzine or paint thinner or chemicals for
cleaning, as they may cause deformity, discoloration, or malfunctioning.

® Avoid storing the FA-M3 /e-RT3 controller in places with high
temperature or humidity:

Since the CPU module has a built-in battery, avoid storage in places with high
temperature or humidity.

Since the service life of the battery is drastically reduced by exposure to high
temperatures, take special care (storage surrounding air temperature should be
from -20°C to 75°C).

There is a built-in lithium battery in a Sequence CPU module which serves as backup
power supply for programs, device information and configuration information.

The service life of this battery is more than 10 years in standby mode at room
temperature. Take note that the service life of the battery may be shortened when
installed or stored at locations of extreme low or high temperatures. Therefore, we
recommend that modules with built-in batteries be stored at room temperature.

® Always turn off the power before installing or removing modules:

Failing to turn off the power supply when installing or removing modules, may result
in damage.

® Do not touch components in the module:

In some modules you can remove the right-side cover and install ROM packs or
change switch settings. While doing this, do not touch any components on the
printed-circuit board, otherwise components may be damaged and modules may fail
to work.

® Do not use unused terminals:

Do not connect wires to unused terminals on a terminal block or in a connector.
Doing so may adversely affect the functions of the module.
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® Use the following power source:

- Use only F3PUOO-OMO as the power supply module.

- If using this product as a UL-approved product, for the external power supply, use a
limited voltage / current circuit power source or a Class 2 power source.

® Refer to the user's manual before connecting wires:

- Refer to the “Hardware Manual” (IM 34M06C11-01E) or the applicable user’s
manual for the external wiring drawing.

- Refer to “A3.6.5 Connecting Output Devices” in the “Hardware Manual” before
connecting the wiring for the output signal.

- Refer to “A3.5.4 Grounding Procedure” in the “Hardware Manual” for attaching the
grounding wiring.

® Authorized Representative:
- The Authorized Representative for this product in the EEA is:
Yokogawa Europe B. V.
Euroweg 2, 3825 HD Amersfoort, The Netherlands
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B How to dispose the batteries

This is an explanation about the new EU Battery Directive. This directive is only valid in
the EU.

Batteries are included in some modules of this product. The procedure is different when
the user can remove or cannot remove.

®Batteries the user can remove

The battery of F3RP60 can be removed by yourself.

When you remove the battery from F3RP60 and dispose it, discard them in accordance
with domestic law concerning disposal. See the User's Manual of F3RP60 for the
removal procedure. Take a right action on waste batteries, because the collection
system in the EU on waste batteries are regulated. If you don't remove the battery from
this product, please see @.

(@Batteries the user cannot remove

Dispose the battery together with this product.

When you dispose this product in the EU, contact your local Yokogawa Europe
B.V.office.

Do not dispose them as domestic household waste.

Battery category: Lithium battery

54

Note: With reference to Annex Il of the new Battery Directive 2006/66/EC, the above
symbol indicates obligatory separate collection.
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Introduction

B Overview of the Manual

This instruction manual describes the specifications, functions and use of the
Temperature Control and PID Module. The information is especially useful when you
are performing pre-operation engineering.

B ToolBox for Temperature Control and PID Modules

A dedicated ToolBox software is provided for this module. With this software, you can
easily set up various parameters of the module, as well as perform action tests, tuning
and monitoring by following screen instructions. For details, see the “ToolBox for
Temperature Control and Monitoring Modules User’s Manual” (IM34M06Q31-02E).

B Notation

References to chapters and sections are denoted by the chapter or section number,
followed by the chapter or section title enclosed within double-quotation marks.

Relay names and register names are shown with Initial caps.

States or setting values are enclosed within double quotation marks, or displayed with
initial caps.

B Other User’s Manuals

Read the following manuals, as required.

® For information on the specifications, configuration*, installation,
wiring, trial operation, maintenance and inspection of the e-RT3, as well
as information on the system-wide limitation of module installation,
refer to:

- Hardware Manual (IM 34M06C11-01E).

*. For information on the specifications of products other than the power supply module, base module, I/O module, cable
and terminal block unit, refer to their respective user’'s manuals.
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Copyrights and Trademarks

B Copyrights

The copyright of the programs and online manuals contained in the software medium of
the Software Product shall remain in YOKOGAWA.

You are allowed to print the required pages of the online manuals for the purposes of
using or operating the Product; however, reprinting or reproducing the entire document
is strictly prohibited by the Copyright Law.

Except as stated above, no part of the online manuals may be reproduced, transferred,
sold, or distributed to a third party in any manner (either in electronic or written form
including, without limitation, in the forms of paper documents, electronic media, and
transmission via the network). Nor it may be registered or recorded in the media such as
films without permission.

B Trademarks

The trade names and company names referred to in this manual are either trademarks
or registered trademarks of their respective companies.
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Temperature Control and PID Module

PART-A Function Overview
IM 34M06H62-02E 3rd Edition
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Al. Overview

The temperature control and PID module (hereafter called “the module”) is an I/O
module to be mounted on the FA-M3 base unit. The module is provided with
multiple input and output circuits and performs multiple PID control functions.
Figure A1.1 shows a schematic diagram of a system containing the module.
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Figure A1.1  Schematic Diagram Showing the Relationship between Sensors, Actuators,

Temperature Control and PID Module and CPU Module

The module is provided with four controller functions and one setup and control
interface for the controller functions for controlling four loops. The controller
functions can be configured to act inter-dependently or independently to support a
wide variety of applications.

Three controller modes are available: single loop, cascade control, and two-input
changeover control. In the single loop mode (default), individual controller
functions operate independently. In the cascade or two-input changeover control
mode, two controller functions are combined to act as a single controller function.

e PV I /7 PVIPV2 /7 PVIPV2
SP
__PID |
\_ ouT ) \_ ouT2 ) \_ ouT2 )
(1) Single Loop (2) Cascade Control (3) Two-input Changeover Control
Figure A1.2 Controller Modes

Controller mode, instrument ranges, set points and other parameter values
required for module operation can be stored in the module to simplify operation
setup at each module startup. A program will then only need to run/stop operation
and switch between set points from the CPU module to achieve operation.
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B Features

High accuracy, high resolution, high speed

The input sampling period for four loops is 200 ms. The sampling period may be set
to 100 ms if only two loops are used. The input conversion accuracy is £0.1% of full
scale, and the input resolution is 0.1°C (using 5-digit representation). Low-resolution
operation (using 4-digit representation) is also available.

Universal input
The input type may be set to thermocouple, RTD, or DC voltage for each loop.

Dynamic auto-tuning

In the dynamic auto-tuning mode, what you have to do before starting operation is to
simply set the input type, output type, and set point. The dynamic auto-tuning
function automatically determines and tunes the PID parameters during operation.
You may disable the function, where appropriate.

B Main Differences between F3CUO04-ON and F3CU04-0S

With the F3CU04-0S module, a specific SP backup procedure needs to be executed to
store set points to the EEPROM. Otherwise, set points are not stored to the EEPROM
when updated.

With the F3CUO4-0ON module, however, set points are always stored automatically when
updated. This approach of storing set points unconditionally regardless of whether it is
required by an application allows for easier programming and operation, but may
damage the EEPROM storage media in an application where set points are constantly
updated.
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A2. Specifications

A2.1 Model and Suffix Codes

Table A2.1 shows the model name and suffix code of the module.

Table A2.1  Model and Suffix Codes

Suffix Style Option
Code Code Code

Model Description

4 loops

0S Universal input

Time-proportional PID output (open collector)
Single-slot size

F3CU04 4 loops

Universal input

-1S — — Universal output (open collector, 4-20 mA continuous
output)

Double-slot size

A2.2 Compatibility with CPU Modules

There is no restriction on the type of CPU modules that can be used with this module.
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A2.3 General Specifications

Table A2.2 lists the general specifications of the F3CU04-0S and F3CU04-1S
temperature control and PID modules.

Table A2.2  General Specifications

Specification
F3CU04-0S | F3CU04-1S

Item

Number of loops 4
Isolation | Between input terminals
and internal circuit
Between input terminals
Between output terminals
and internal circuit

Isolated by photocouplers and transformers
(tested for 1500 V AC voltage withstanding for 1 minute)

Between output terminals Not isolated.
12 types of alarm:
Alarm types Upper input limit, lower input limit, upper deviation limit, lower deviation limit,

upper/lower deviation limit, and deviation range, all with or without waiting
Number of alarm outputs (input relays) | 4 points per loop (only alarms 1 and 2 have input relays)

Alarm delay timer Yes

Warm-up time 30 minutes min.

Max. allowable ambient temperature

1 10°C/h max.

change rate
Mounting position Horizontal or inverted orientation not allowed

. One 18-point terminal block with Two 18-point terminal blocks with
External connection

M3.5 screws M3.5 screws

External dimensions * 28.9 (W) x 100 (H) x 106.1 (D) mm 58 (W) x 100 (H) x 106.1 (D) mm
Current consumption 460 mAat5VvV DC 470 mAat5Vv DC
Weight 200 g 350 g

*1: The stated accuracy for the reference junction for thermocouple input deteriorates if the ambient temperature change
exceeds this rate.
*2: External dimensions excluding protrusions (for details, see the External Dimensions drawing).

A2.4 Input Specifications

Table A2.3 lists the input specifications of the F3CU04-0S and F3CU04-1S temperature
control and PID modules.

Table A2.3 Input Specifications

ltem Specification
F3CU04-0S | F3CU04-1S
Input sampling period ' 200ms for 4 loops, or 100ms for 2 loops
See Table A2.4, “Instrument Range and Accuracy’.
Individual inputs separately configurable by software or
Input types and ranges collectively by hardware
Thermocouple input : 15 ranges
RTD input : 9 ranges
DC voltage input : 6 ranges
. Thermocouples or RTDs are checked for burnout.
Burnout detection Up-scale, dgwn-scale, or none may be selected.
Detection current Thermocouple 100 nA max.
RTD 100 nA max.
Input insulation resistance 1 MQ min.
Allowable signal Thermocouple or DC mV input | 250 Q max.
Source resistance DC voltage input 2 kQ max.
Allowable wiring RTD 10 Q max. per wire
resistance (three wires must have the same resistance)
Measuring current RTD Approx. 270 pA
Eeference junction Thermocouple™? +2.0°C (0 to 55°C)
ompensation
Allowable input voltage range -20t0o 20V DC
Noise reduction’* Common mode 120 dB (50/60 Hz) min.
Normal mode 40 dB (50/60 Hz) min.
Effect of ambient temperature + 0.01%/°C or + 1uV/°C, whichever is greater

*1: If input sampling period is set to 100 ms for 2 loops, only loops 1 and 2 are available.

*2: This value assumes that all input terminals are correctly wired (that is, solderless termination, wire diameters and
connections are correct).

*3: This value assumes that the power supply frequency is correctly selected.

*4: This module continues to operate at a input accuracy of +0.5% max. of F.S. during the radiated electromagnetic field test.
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Table A2.4 Instrument Range and Accuracy (for high resolution operation with SW1-1 set to OFF) 1/4

- Input Type Selector Switch'
2g| Input Instrument Range2 Software Setting Accuracy* Resolution™2
£ § Type't SW1-3 SW1-4 SW5
. . Instrument ranges may be specified by software using one of the
Software setting (factory setting) OFF OFF 0 following codes.
-200.0 to 1370.0°C 1 1 (%01) *5 *5
* + (e} o
K’ -200.0 1o 1000.0°C 2 2 (s02) | *05°C 0.1°C
-200.0 to 500.0°C 3 3 ($03) +0.5°C™ 0.1°C™
-200.0 to 1200.0°C 4 4 ($04) +0.5°C” 0.1°C”
o -200.0 to 500.0°C 5 5 ($05) +0.5°C™® 0.1°C™®
§. T -270.0 to 400.0°C 6 6 ($06) +0.5°C” 0.1°C”
38 B™ 0.0 to 1600.0°C 7 7 (%07) £1.0°C™" 0.1°C™
e [ ST 0.0 to 1600.0°C OFF OFF 8 8 ($08) £1.0°C™" 0.1°C™"
% R™ 0.0 to 1600.0°C 9 9 ($09) £1.0°C™" 0.1°C™"
I'E N -200.0 to 1300.0°C A 10 ($0A) +0.6°C" 0.1°C”
E -270.0 to 1000.0°C B 11 ($0B) £0.5°C™” 0.1°C’™
-200.0 to 900.0°C C 12 ($0C) +0.6°C 0.1°C
U -200.0 to 400.0°C D 13 ($0D) +0.6°C 0.1°C
w™ 0.0 to 1600.0°C E 14 ($0E) +0.8°C™ 0.1°C™
Platinel 2| 0.0 to 1390.0°C F 15 ($0F) +0.6°C 0.1°C
-200.0 to 500.0°C 0 16 ($10)
+ le] o
P00 |_-200.010200.0°C 1 17 (s11) | 104°C 0.1°C
0.0 to 300.0°C 2 18 ($12) +0.3°C 0.1°C
a 0.00 to 150.00°C 3 19  ($13) +0.20°C 0.03°C
E -200.0 to 850.0°C OFF ON 4 20 ($14) +0.4°C 0.1°C
-200.0 to 500.0°C 5 21 ($15) +0.4°C 0.1°C
Pt100 -200.0 to 200.0°C 6 22  ($16) - )
0.0 to 300.0°C 7 23 ($17) +0.3°C 0.1°C
0.00 to 150.00°C 8 24 ($18) +0.20°C 0.03°C
° DC mV 0to 10.00 mV DC 9 25 ($19) +0.1% 91f5instrument range
S [input™ | 01t0100.0mV DC A 26 ($1A) | +1digit
3 0.000 to 1.000 V DC N ON B 27 ($1B)
> DCV 0.000 to 5.000 V DC D 29 ($1D)
8 |input™ [ 1.000 to 5.000 VDC E 30 ($1E)
0.00 to 10.00 V DC F 31 ($1F)

*1: Applicable standard is JIS/IEC/DIN (ITS-90) for thermocouples and RTD.

*2: For thermocouples K, B, S, R, and W, input ranges may be set wider than their instrument range (see the notes below). However, if the
input range width exceeds 1600°C, the resolution becomes twice the indicated value. Furthermore, the actual range for an acceptable
input is the input range+5%.

*3: When you turn on the power after changing the hardware switch settings, data stored in the EEPROM is initialized to follow the switch
settings.

*4: This accuracy applies if the ambient temperature is 25 + 5°C and the input value is within the instrument range. If the input type is
thermocouple and reference junction compensation is used, you should also take into consideration the accuracy of the reference
junction compensation.

*5: For K-type thermocouples, the input range may be set from -270.0 to 1370.0°C beyond its instrument range. The accuracy and
resolution depend on measured temperatures as follows:

-270.0 to -200.0°C: Neither accuracy or resolution is guaranteed.
-200.0 to 0.0°C: +1.0°C accuracy, 0.2°C resolution

*6: For K-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-200.0 to -180.0°C: £0.9°C accuracy, 0.2°C resolution
-180.0 to -100.0°C: £0.6°C accuracy, 0.1°C resolution

*7: For J-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-200.0 to -100.0°C: £1.0°C accuracy, 0.2°C resolution

*8: For J-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-200.0 to -150.0°C: +0.6°C accuracy, 0.1°C resolution

*9: For T-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-270.0 to -200.0°C: £3.5°C accuracy, 0.5°C resolution
-200.0 to -100.0°C: +1.0°C accuracy, 0.1°C resolution

*10:  For B-type thermocouples, the input range may be set from 0.0 to 1800.0°C beyond its instrument range. The accuracy and resolution
depend on measured temperatures as follows:

0.0 to 300.0°C: Neither accuracy nor resolution is guaranteed.
300.0 to 900.0°C: £2.5°C accuracy, 0.3°C resolution
*11:  For S-type and R-type thermocouples, the input range may be set from 0.0 to 1700.0°C beyond its instrument range. The accuracy and
resolution depend on measured temperatures as follows:
0.0 to 200.0°C: £1.5°C accuracy, 0.2°C resolution
*12:  For N-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-200.0 to 0.0°C: £1.3°C accuracy, 0.3°C resolution
*13:  For E-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-270.0 to -200.0°C: £6.5°C accuracy, 2.0°C resolution
-200.0 to -100.0°C: +1.0°C accuracy, 0.2°C resolution

*14:  For W-type thermocouples, the input range may be set from 0.0 to 2300.0°C beyond its instrument range. The accuracy and resolution
depend on measured temperatures as follows:

0.0 to 100.0°C: £1.0°C accuracy, 0.2°C resolution

*15:  Resolution is determined by the upper and lower limits for the input range, as well as the upper and lower scaling limits. It is represented
by one digit.

*16: "-" means that the value is ignored.
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Table A2.4 Instrument Range and Accuracy (for low resolution operation with SW1-1 set to OFF) 2/4

Input Type Selector Switch*
e
58 " Software . -
=8 Input Type Instrument Range . Accuracy™ Resolution2
gg| MPuthp 9 SW13 | Swi4 | Sws Setting y
O
) Instrument ranges may be specified by
Software setting ON OFF 0 software using one of the following codes.
, -200 to1 37000 1 33 ($21) + 90 100’
K -200 to1000°C 2 34 ($22)
-200 t0o500°C 3 35  ($23)
J -200 to 1200°C 4 36 ($24) +2°C 1°C
-200 to 500°C 5 37 ($25)

%_ T -270 to 400°C 6 38  (%$26) +2°C™® 1°C

§ B~ 0 to 1600°C 7 39 (%$27) +2°C”7 1°C”’

g s® 0 to 1600°C ON OFF 8 40 ($28) +9°C 1°C

5 R"” 0 to 1600°C 9 41 ($29) B

= N -200 to 1300°C A 42 ($2A) +2°C" 1°C
E -270 to 1000°C B 43 ($2B) | +2°C™ 1°Cc™"

L -200 to 900°C C 44 ($2C)
U - -200 to 4(10 C D 45 ($2D) +9°C 1°C
w 0 to 1600°C E 46 ($2E)
Platinel 2 0 to 1390°C F 47  ($2F)
-200 to 500°C 0 48  ($30)
- 0, + 90 o
JPH100 200 to 200°C 1 49  ($31) +2°C 1°C
0 to 300°C 2 50 ($32)

a 0.0 to 150.0°C 3 51 ($33) +0.3°C 0.1°C

In—: -200 to 850°C ON ON 4 52 ($34)

-200 to 500°C 5 53 ($35) 4+ 29C 1°C
Pt100 -200 to 200°C 6 54  ($36) -

0 to 300°C 7 55  ($37)

0.0 to 150.0°C 8 56  ($38) +0.3°C 0.1°C

*1: Applicable standard is JIS/IEC/DIN (ITS-90) for thermocouples and RTD.

*2: For thermocouples K, B, S, R, and W, input ranges may be set wider than their instrument range (see the notes below). Furthermore, the
actual range for an acceptable input is the input range+5%.

*3: When you turn on the power after changing the hardware switch settings, data stored in the EEPROM is initialized to follow the switch
settings.

*4: This accuracy applies if the ambient temperature is 25 + 5°C and the input value is within the instrument range. If the input type is
thermocouple and reference junction compensation is used, you should also take into consideration the accuracy of the reference
junction compensation.

*5: For K-type thermocouples, the upper and lower input range limits may be set from -270 to 1370°C. The accuracy and resolution depend
on measured temperatures as follows:

-270 to -200°C: Neither accuracy nor resolution is guaranteed.
*6: For T-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-270 to -200°C: +4°C accuracy, 1°C resolution
*7: For B-type thermocouples, the upper and lower input range limits may be set from 0 to 1800°C. The accuracy and resolution depend on
measured temperatures as follows:
0 to 300°C: Neither accuracy nor resolution is guaranteed.
300 to 900°C: £3°C accuracy, 1°C resolution
*8: For S-type and R-type thermocouples, the upper and lower input range limits may be set from 0 to 1700°C.
*9: For N-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-200 to 0°C: +3°C accuracy, 1°C resolution
*10:  For E-type thermocouples, the detailed accuracy and resolution are as follows:
-270 to -200°C: £8°C accuracy, 2°C resolution
-200 to 1000°C: +2°C accuracy, 1°C resolution
*11:  For W-type thermocouples, the upper and lower input range limits may be set from 0 to 2300°C.
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Table A2.4 Instrument Range and Accuracy (for high resolution operation with SW1-1 set to ON) 3/4
- Input Type Selector Switch*
58| Input " Software “ -
E’ § Type't Instrument Range SWi-3 SWi4 W5 Setting Accuracy Resolution
Software setting (factory setting) OFF OFF 0 Lnssi;rg rgﬁgt()ﬁﬂ%iiﬁgangeci%eezf'ed by software
-328.0 to 2498.0°F 1 1($01) +£1.0°F° 0.2°F°
K'® -328.0 to 1832.0°F 2 2 (302) +£1.0°F° 0.2°F°
-328.0 to 932.0°F 3 3($03) £1.0°F° 0.2°F°
J -328.0 to 2192.0°F 4 4 ($04) +1.0°F’ 0.2°F '
o -328.0 to 932.0°F 5 5 ($05) +1.0°F° 0.2°F
s | T -454.0 to 752.0°F 6 6 (306) £ 1.0°F° 0.2°F°
§ B 32 to 2912°F 7 7 (307) £2°F 7 1°F ™
o [ ST 32 to 2912°F OFF OFF 8 8 ($08) +2°F " 1°F
E R 3210 2912°F 9 9 (309) T 2°F " 1°F
£ [N -328.0 to 2372.0°F A 10 ($0A) +1.2°F 7 0.2°F @
E -454.0 to 1832.0°F B 11 ($0B) +1.0F " 0.2°F
L -328.0 to 1652.0°F C 12 ($0C) +1.2°F 0.2°F
U -328.0 to 752.0°F D 13 ($0D) +1.2°F 0.2°F
w™ 32 to 2912°F E 14 ($0E) + 2°F 1°F
Platinel 2 32.0 to 2534.0°F F 15 ($0F) +1.2°F 0.2°F
-328.0 to 932.0°F 0 16 ($10) +0.8°F 0.2°F
JPH100 -328.0 to 392.0°F 1 17 ($11) + 0.8°F 0.2°F
32.0 to 572.0°F 2 18 ($12) + 0.6°F 0.2°F
a 32.0 to 302.0°F 3 19 ($13) + 0.4°F 0.2°F
I~ -328.0 to 1562.0°F OFF ON 4 20 ($14) + 0.8°F 0.2°F
-328.0 to 932.0°F 5 21 ($15) + 0.8°F 0.2°F
Pt100 -328.0 to 392.0°F 6 22 ($16) + 0.8°F 0.2°F
32.0 to 572.0°F 7 23 ($17) + 0.6°F 0.2°F
32.0 to 302.0°F 8 24 ($18) + 0.4°F 0.2°F
DC mV 0to 10.00 mV DC 9 25 ($19)
% input '® 0 to 100.0 mV DC A 26 ($1A)
5 0.000 to 1.000 V DC 16 ON B 27 ($1B) £0.1% of instrument range
> | DCV 0.000 to 5.000 V DC D 29 ($1D) + 1 digit *°
S |input™ [ 1.000 to 5.000 V DC E 30 ($1E)
0.00 to 10.00 V DC F 31 ($1F)
*1: Applicable standard is JIS/IEC/DIN (ITS-90) for thermocouples and RTD.
*2: For thermocouples K, B, S, R, and W, input ranges may be set wider than their instrument range (see the notes below). However, if the

input range width exceeds 2880°F, the resolution becomes twice the indicated value. Furthermore, the actual range for an acceptable
input is the input range+5%.
*3: When you turn on the power after changing the hardware switch settings, data stored in the EEPROM is initialized to follow the switch

settings.

*4: This accuracy applies if the ambient temperature is 77°F+9°F and the input value is within the instrument range. If the input type is
thermocouple and reference junction compensation is used, you should also take into consideration the accuracy of the reference
junction compensation.

*5: For K-type thermocouples, the input range may be set from -454.0 to 2498.0°F beyond its instrument range. The accuracy and resolution
depend on measured temperatures as follows:

-454.0 to -328.0°F: Neither accuracy or resolution is guaranteed.
-328.0 to 32.0°F: £2.0°F accuracy, 0.4°F resolution
*6: For K-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:

-328.0 to -292.0°F

: £2.0°F accuracy, 0.4°F resolution

-292.0 to -148.0°F: £1.2°F accuracy, 0.2°F resolution

*7: For J-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-328.0 to -148.0°F: +2.0°F accuracy, 0.4°F resolution

*8: For J-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-328.0 to -238.0°F: +1.2°F accuracy, 0.2°F resolution

*9: For T-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:

-454.0 to -328.0°F: £6.5°F accuracy, 1.0°F resolution

-328.0 to -148.0°F

: £2.0°F accuracy, 0.2°F resolution

*10:  For B-type thermocouples, the input range may be set from 32 to 3272°F beyond its instrument range. The accuracy and resolution
depend on measured temperatures as follows:

32 to 572°F: Neither accuracy nor resolution is guaranteed.

572 to 1652°F: +5°F accuracy, 1°F resolution

*11:  For S-type and R-type thermocouples, the input range may be set from 32 to 3092°F beyond its instrument range. The accuracy and
resolution depend on measured temperatures as follows:

32 to 392°F: +3°F accuracy, 1°F resolution

*12:  For N-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-328.0 to 32.0°F: £2.5°F accuracy, 0.6°F resolution

*13:  For E-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-454.0 to -328.0°F: £12.0°F accuracy, 4.0°F resolution

-328.0 to -148.0°F

: £2.0°F accuracy, 0.4°F resolution

*14:  For W-type thermocouples, the input range may be set from 32 to 4172°F beyond its instrument range.
*15:  Resolution is determined by the upper and lower limits for the input range, as well as the upper and lower scaling limits. It is represented

by one digit.
*16: "-" means that the value is ignored.
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Table A2.4 Instrument Range and Accuracy (for low resolution operation with SW1-1 set to ON) 4/4

Input Type Selector Switch™
>
= O
§ &| Input Type't Instrument Range SSO f:\t/yare Accuracy* Resolution*2
=5 SW1-3 | Swi-4 SW5 etling
Software setting ON OFF 0 Instrument ranges may be spec!fled by
software using one of the following codes.
-328 to 2498°F 1 33 ($21) +2°F° 1°F°
K*® -328 to 1832°F 2 34 ($22) +2°F° 1°F®
-328 to 932°F 3 35 ($23) +2°F 1°F
J -328 to 2192°F 4 36 ($24) +2°F 1°F
-328 to 932°F 5 37 ($25) + 2°F 1°F
2|7 -454 to 752°F 6 38 ($26) +2°F° 1°F

3 B’ 32 to 2912°F 7 39 ($27) +2°F' 1°F”

é s® 32102912 °F ON OFF 8 40 ($28) +2°F8 1°F

5 R® 32 to 2912°F 9 41 ($29) +2°F® 1°F

< |N -328 to 2372°F A 42 ($2A) + 2°F° 1°F
E -454 to 1832°F B 43 ($2B) +2°F ™ 1o
L -328 to 1652°F C 44 ($2C) + 2°F 1°F
U -328 to 752°F D 45 ($2D) + 2°F 1°F
w 32 to 2912°F E 46 ($2E) +2°F 1°F
Platinel 2 32 to 2534°F F 47 ($2F) +2°F 1°F

-328 to 932°F 0 48 ($30) + 2°F 1°F

JPH100 -328 to 392°F 1 49 ($31) + 2°F 1°F

32 to 572°F 2 50 ($32) + 2°F 1°F

a 32 to 302°F 3 51 ($33) + 2°F 1°F
E -328 to 1562°F ON ON 4 52 ($34) + 2°F 1°F
-328 to 932°F 5 53 ($35) +2°F 1°F

Pt100 -328 to 392°F 6 54 ($36) + 2°F 1°F

32 to 572°F 7 55 ($37) + 2°F 1°F

32 to 302°F 8 56 ($38) + 2°F 1°F

*1: Applicable standard is JIS/IEC/DIN (ITS-90) for thermocouples and RTD.

*2: For thermocouples K, B, S, R, and W, input ranges may be set wider than their instrument range (see the notes below). Furthermore, the
actual range for an acceptable input is the input range+5%.

*3: When you turn on the power after changing the hardware switch settings, data stored in the EEPROM is initialized to follow the switch
settings.

*4: This accuracy applies if the ambient temperature is 77°F+9°F and the input value is within the instrument range. If the input type is
thermocouple and reference junction compensation is used, you should also take into consideration the accuracy of the reference
junction compensation.

*5: For K-type thermocouples, the upper and lower input range limits may be set from -454 to 2498°F. The accuracy and resolution depend
on measured temperatures as follows:

-454 to 328°F: Neither accuracy nor resolution is guaranteed.
*6: For T-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-454 to -328°F: £7°F accuracy, 1°F resolution

*7: For B-type thermocouples, the upper and lower input range limits may be set from 32 to 3272°F. The accuracy and resolution depend on
measured temperatures as follows:

32 to 572°F: Neither accuracy nor resolution is guaranteed.
572 to 1652°F: £5°F accuracy, 1°F resolution
*8: For S-type and R-type thermocouples, the upper and lower input range limits may be set from 32 to 3092°F. The accuracy and
resolution depend on measured temperatures as follows:
32 to 392°F: +3°F accuracy, 1°F resolution
*9: For N-type thermocouples, the accuracy and resolution depend on measured temperatures as follows:
-328 to 32°F: +4°F accuracy, 1°F resolution
*10:  For E-type thermocouples, the detailed accuracy and resolution are as follows:
-454 to 328°F: £12°F accuracy, 4°F resolution
-328 to 148°F: +3°F accuracy, 1°F resolution
*11:  For W-type thermocouples, the upper and lower input range limits may be set from 32 to 4172°F.
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A2.5

Output Specifications

Table A2.5 lists the output specifications of the F3CU04-0S and F3CU04-1S temperature
control and PID modules.

Table A2.5 Output Specifications

Specification

Item

F3CU04-0S

F3CU04-1S

Number of outputs

4

8

External power supply *

24V DC +10%, 10 mA

24 V DC +10%, 250 mA

Time-proportional PID
output (open collector

Rated load voltage

24V DC

Maximum load current

0.1 A per point

0.1 A per point and 0.4 Afor 8
points

output)

ON residual voltage 0.5V DC max.

OFF leakage current 0.1 mA max.

Response time OFF—ON: 1 ms max., ON—OFF: 1 ms max.
Cycle time 0.5t0240s

Time-proportional o . .
resolution 10 ms or 0.05% of F.S., whichever is greater

(analog output)

Continuous PID output

Output range
Allowable load
resistance

4-20 mA (3.2-20.8 mA)
600Q2 max.

Output accuracy +1.0% of F.S.
Output resolution 0.05% of F.S.

N.A.

A2.6

*

External power supply is not required if no output terminal is used (that is, if only input terminals are used).

Backup Function

The F3CU04-0S or F3CU04-1S temperature control and PID module provides a backup
function for storing input type, input range, set points and other parameter values, and
hence retaining their values even after power off and on. Parameters designated for
backup are stored whenever their corresponding registers are updated, provided the
backup function is not disabled. However, you need to execute a specific procedure
every time to back up set point values. Otherwise, stored set points will not be updated.
Even so, beware that set points will not be updated if the backup function is disabled.

Take note that there is a maximum limit to the number of write operations allowed for the
backup function.

Table A2.6  Backup Function

Description

Stored parameters

Controller parameters, 1/0 parameters, and operation parameters. For details, refer
to the list of registers.

Number of write
operations

Up to 100,000 write operations allowed

Disable backup function

This parameter disables the backup function. It may be used, if required, to avoid
reaching the maximum limit for write operations.

Z@ CAUTION

For details on the I/O data registers that are stored by the backup function and their data
position numbers, see Section B2, "Types of Relays and Registers."

A@ CAUTION

In situations where the CPU module frequently overwrites the 1/0O data registers
earmarked to be stored by the backup function, the maximum limit for write operations
(100,000 times) may be reached. To prevent this, turn on the Disable Backup Function
parameter. Once the write limit is reached, data backup is no longer allowed and the
system enters hardware failure mode. Furthermore, parameter data may be reset at
system startup to the default values given in Section B2, "Types of Relays and
Registers."
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A2.7

Function Specifications

Table A2.7 shows the function specifications of the F3CU04-0S and F3CU04-1S
temperature control and PID modules.

Table A2.7

Function List (1/2)

Category

Functions

Description

Input sampling period

Sets the input sampling period (this affects the number of available loops).

Controller mode selection

Specifies the controller mode for a pair of 2 loops.

= . Basic controller mode with one control and computation function where two loops operate
2 Single loop .
S independently.
% Controller | Cascade control Two control and computation functions perform cascade control (using 2 loops of input and output).
© | mode Two-input Switches between two measured inputs (using a register or measured value range) and handles
changeover them as one measured input (using 2 loops of input).
Disabled Loops specified as ‘disabled’ are not used.
Control type selection Selects from on/off, PID, and heating/cooling control types.
ON/OFF Performs control by turning on (100% output) or turning off the output (0% output). *'
Control - -
2 | type PID . . Controls output according to PID computation results.
% Heating/cooling Controls both heating and cooling outputs according to PID computation results.
8 Output limiter Sets the upper and lower limits for the control output.
g | Output IR te-of-change
;— limiter limit 9 Sets the maximum allowable rate-of-change for the control output.
o
3 Output type selection %2 cs)jtlsﬁt)s between time-proportional output (open collector) and continuous output (4-20 mA analog
Analog output %2 S.pecmes a fixed value output for any output terminal not used in a control loop (e.g. when
disabled).
Input type selection Sets input type using switches (for all loops) or software (for individual loops).
Power supply frequency Specifies the power supply frequency. An appropriate setting value will reduce the effect of common
specification mode noise.
Input range setting Sets input ranges.
PV range setting Sets PV range for two-input changeover mode.
Burnout selection $e|ectable frpm .Up-scalfa, D%wn-scale, or OFF (no burnout detection) for thermocouple or RTD
input open-circuit detection.
Reference J'unctlon Sets thermocouple reference junction compensation to ‘On’ or ‘Fixed Value'.
compensation
. Specifies any temperature and its bias value. A compensation value based on the linear
=y Broken-line ; . e . . . ; )
= biasin interpolation of the specified bias values is automatically added to a measured input. This function
2 g o : e e o
@ is particularly useful for a deteriorated sensor, for which input compensation is desirable.
g_ Specifies a fixed bias value to be automatically added to measured input values. This function is
= Fixed biasin useful when a measured input suffers a fixed deviation due to a known physical problem with a
g‘ Input 9 sensor, or when fine adjustment of measured input is desirable for better consistency with values

computation

indicated by other equipment, even though data deviation is within tolerance.

Input filtering

Filtering can be used to remove high frequency noise from measured inputs such as flow rate and
pressure. Filtering is a first order delay numerical operation.

Square root
extraction

Performs square root extraction on measured inputs. This function is useful for converting
differential pressure signals (of orifice, nozzle, or other types of restriction flowmeter) to flow rate
signals.

Two-input changeover

Sets the two-input changeover mode to perform changeover based on temperature range, preset
temperature value, or register value.

External PV input

External values may be used as control input values. Measured input values that have undergone
required processing by a CPU module or other means, may be used as input values.

*1:  Numbers within parentheses (100% and 0%) applies when the output is configured as a continuous output
(for F3CU04-1S only).

*2: Available for F3CU04-1S only.

*3:  When burnout selection is set to OFF, the measured input value at the time of burnout (open circuit) is unpredictable and
may approach either the upper limit or the lower limit. Furthermore, the burnout relay is not set.
However +OVER or -OVER detection is performed.

IM 34M06H62-02E  3rd Edition : Jul.16, 2015-00



A2-9

Table A2.7  Function List (2/2)
e
o
5 Functions Description
o
@]
. Four set points can be predefined for each loop. A predefined set point can be selected using the
Set points
SP number parameter.
Remote set point Can be used to continually change the set point value from the CPU module or by other means.
SP tracking Retains the set point value when switching from remote to local mode.
Set point SP limiter Limits the set point within specified limits in remote or cascade control mode.
SP gradient Defines acceleration and deceleration independently for varying the control set point at a fixed rate
setting or to prevent an abrupt change in the control set point.
When a switchover is made from Stop to Run, from Manual to Automatic, or from one SP number to
PV tracking another, the control set point is first set to the current PV value and then gradually changed to the
c required value at the rate defined by the SP gradient parameters.
2 Dynamic Automatically recalculates PID constants to achieve continuous stable control at the beginning of a
8 auto-tuning control operation or when control becomes unstable.
S | Auto- —— — — -
Q tuning When a start tuning instruction is issued, measures the characteristics of a control object by
g Auto-tuning switching on and then switching off the output, and automatically determines and sets optimal PID
© constants.
= Forward/reverse
© operation Defines the direction of output change (increase or decrease) corresponding to a positive deviation.
<)
g Control The combination of the CMD parameter (0: standard PID control mode, 1: fixed-point control mode)
8 and PID control mode and the remote/local switch determines the PID control method (PV derivative type PID control or
compu- deviation derivative type PID control) with or without bumping.
tation Super Suppresses overshooting using fuzzy logic.
. . Prevents excessive integration and hence overshooting by suspending PID computation. The
Anti-reset windup S . ; . .
deviation width for resuming PID computation can be set using a parameter.
PID selection Selects one of the four PID parameter groups belonging to each loop.
PID SP number Switches between four PID parameter groups according to the value of the SP Number Selection
selection selection parameter.
. Automatically switches between PID parameter groups according to PV value. In addition, allows
method Zone PID selection I " o
switching to a specific PID parameter group when the deviation is large.
Operation control Switches between run/stop, automatic/manual/cascade, remote/local, and other operating modes.
Defines four alarms for each loop. Alarms may be defined to trigger with respect to the upper or
e Alarm setup : L . . -
= | Alarm lower input limit or differential upper or lower limit.
;—(u Waiting Suppresses alarms during the startup period after power on until the operation stabilizes.
Delay timer Reports an alarm only if an alarm condition persists for a minimum duration.

Backup function

(Storing of preset values)

Stores parameters to the EEPROM, which is writable up to 100,000 times.
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A2.8 Components and Functions

F3CU04-0S
p
ALI\/%} Status Indicators
ERR RDY (green)
[ CU04-0S PID )

Lit when the internal circuit is functioning
normally. Turns off when an error occurs in the
module.

60 Hz (green)

Indicates the frequency of the commercial
power supply,
Off: 50Hz;
On: 60 Hz.

ALM (orange)
Lit when an alarm occurs in any loop.

ERR (red)
Lit or flashes when a hardware failure is
detected or an error is detected in stored data.
Lit when an error is detected in RAM, ROM,
system data, calibration values, ADC, RJC or
EEPROM.
Flashes when a parameter error or burnout is
detected.

I/O terminal block
18-point detachable terminal block with M3.5

v o F2
®PRXRNR@ERR
XXX XXX

SCrews.
-
F3CU04-1S
f 1 [ 1
-~ R

Y

. z
Status Indicators {ALM
RDY (green) ERR

Ry
S

Lit when the internal circuit is functioning
normally. Turns off when an error occurs in the
module.

60 Hz (green)
Indicates the frequency of the commercial
power supply,
Off: 50Hz;
On: 60 Hz.

ALM (orange)
Lit when an alarm occurs in any loop.

ERR (red)
Lit or flashes when a hardware failure is
detected or an error is detected in stored data.
Lit when an error is detected in RAM, ROM,
system data, calibration values, ADC, RJC or

|
|
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Figure A2.1  F3CUO04-0S, F3CU04-1S Front View
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SW1-1: Temperature unit selector switch
SW1-2: Power frequency selector switch
SW1-3: Input type selector switch
SW1-4: Input type selector switch

SW5: Input type selector switch
(Input type is determined by the
combined values of SW1-3, SW1-4, and SW5.)

Note: This is the right side view of the module with its cover removed.

Figure A2.2 Right Side View Showing Input Type and Power Supply Frequency Selector
Switches

A@ CAUTION

You may switch the temperature unit between °C and °F using SW1-1. For details, see
Section C11, “Selecting Temperature Unit.”

A2.9 External Dimensions

el ﬁﬁ[ | Unit: mm T . |
EEEEE e _[ Unit: mm

i

83.2 L 229 | .
ZJZA:._

‘ = HH — s
! | HHA
L | ——
i = | 83.2 229 | 58 |
] B [ o e —

Figure A2.3 External Dimensions
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A3. Startup Procedure

Install the module into your system and perform the following startup procedure.

‘ Design overall system configuration ‘

‘ Hardware preparation ‘ A4. Hardware Preparation

‘ Setup usin|g software ‘ B3. Setup and Operation

‘ Trial run| (tuning) ‘ B3. Setup and Operation
|

< Start operation ) B3. Setup and Operation

Figure A3.1 Startup Procedure

Before you use the module, you must first design the overall system
configuration, set the switches, install the module on the base unit, and perform
required wiring and other hardware preparation. Following that, you will set the
controller modes and input ranges using software. The software here refers to the
FA-M3 Programming Tool WideField3, the BASIC Programming Tool M3 or the
ToolBox for Temperature Control and Monitoring modules. The required system
components when performing setup are the power supply module, the base
module, the CPU module, software and a personal computer for running the
software. For details on the required environment for executing the software,
including specifications for the personal computer and compatible CPU modules,
as well as details on how to operate the software, see the relevant software
manuals.

After software setup, perform trial runs to tune parameters for optimal
performance. Now, you are ready for actual operation.

Sections A4, "Hardware Preparation” and B3, "Setup and Operation” describe
these procedures in detail. For details on how to access the module using
software to perform setup and for more information on relays and registers, see
Section B1, "Accessing the Module," and B2, "Types of Relays and Registers,"
respectively.
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A4. Hardware Preparation

To use the temperature control and PID module, you must set the operation
switches and perform wiring connections. In this chapter, we describe the details
of hardware preparation.

Figure A4.1 shows the workflow for hardware preparation. For details on each
operation, refer to the sections indicated in the column on the right.

< Hardware Preparation >

‘ Set switches ‘

A4.1 Selecting input types and
power supply frequency

‘ Attach to base module ‘ A4.2 Attaching/Detaching modules
‘ Perform wiring ‘ A4.3 Wirng
Go to: Hardware preparation completed.
Setup and Operation Go to Section B3, "Setup and Operation"

Figure A4.1  Workflow for Hardware Preparation
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A4l

Selecting Input Types and Power
Frequency

This section describes how to select appropriate input types for given temperature ranges
and how to select a suitable power frequency for a given power supply environment.

Figure A4.2 shows the hardware switches for selecting input types and power frequency.

SW1-1: Temperature unit selector switch
SW1-2: Power frequency selector switch
SW1-3: Input type selector switch
SW1-4: Input type selector switch

SWS5: Input type selector switch
(Input type is determined by the
combined values of SW1-3, SW1-4, and SW5.)

Note: This is the right side view of the module with its cover removed.

Figure A4.2 Input Types and Power Frequency Selector Switches

Use switches SW1-1, SW1-3, SW1-4 and SW5 to perform input setup. SW1-4 and SW5
together specifies an input type, which apply to all loops, while SW1-3 specifies a
resolution and SW1-1 specifies the temperature unit for all loops. For the various switch
combinations and their corresponding input type and resolution values, see Table 4.1,
“Input Type Selection”.

Use SW1-2 to select a power frequency corresponding to the AC power used in the
equipment. For the mapping between SW1-2 and frequency, see Table 4.2, “Power
Frequency Settings”. Selecting an appropriate power frequency will reduce interference
from common mode noise.

You can also set input types and power frequency using data registers. To do so, set the
input type selector switches to “set by software”, that is, “SW5=0; SW1-4=0FF". This will
mean that the power frequency will also have to be set using data registers. The factory
switch setting is “set by software.”

For details on input type selection and power frequency selection, see Section C3.1,
“Input Type Selection” and Section C3.2, “Power Frequency Selection” respectively.

4@ CAUTION

Always turn off the power before performing switch setup.

4@ CAUTION

You may switch the temperature unit between °C and °F using SW1-1. For details, see
Section C11, “Selecting Temperature Unit.”
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Table A4.1

Input Type Selection (1/2) (SW1-1 = OFF)

Input Type Software Input Range™
Input Type Instrument Range Selector Switch*2 Setting Default Allowable Range
SW5 | SWi-4 | SWL3 N RL RH | DECP | RL | RH

Software setting 0 OFF X
K - OFF [ 1 (S01) | -2000] 13700 1] -2700] 13700
-2000101370.0°C | 1 | o [T ON [33 (321) 200] 1370 o] -270] 1370
] : OFF |2 ($02) | -2000] 10000 1] -2700] 13700
20001010000°C | 2 ON | 34 ($22) | -200] _ 1000 o[ 270 1370
- OFF |3 ($03) | -2000] 5000 1] 2000] 5000
~200.010 500.0°C s ON |35 ($23) | -200] _ 500 0| -200] 500
J : OFF | 4 ($04) | -2000] 12000 1] 2000 12000
-200.010 1200.0°C | 4 ON |36 ($24) | -200] 1200 0| -200] 1200
] - OFF [ 5 ($05) | -2000] 5000 1] 2000] 5000
200.0 10 500.0°C 5 ON |37 ($25) | -200] _ 500 0] -200] 500
T - OFF | 6 ($06) | -2700] 4000 1] 2700] 4000
~270.010 400.0°C 6 ON |38 ($26) | -270] 400 0| -270] 400
© B - OFF [ 7 ($07) 0] 16000 1 0| 18000
5 0010 1600.0°C ! ON |39 (327) 0] 1600 0 o[ 1800
3 S - OFF | 8 ($08) 0| 16000 1 0[ 17000
g 0010 1600.0°C 8 ON | 40 ($28) o] 1600 0 0] 1700
5 R - OFF [ 9 ($09) 0] 16000 1 0[ 17000
= 0010 1600.0°C ° ON | 41 ($29) 0] 1600 0 o[ 1700
N - OFF | 10 (S0A) | 2000 13000 1] -2000] 13000
~200.010 1300.0°C | A ON |42 ($2A) | -200] _ 1300 0| -200] 1300
E | : OFF | 11 ($0B) | -2700] 10000 1] -2700] 10000
2700101000.0°C | B ON |43 ($2B) | -270] 1000 o] -270] 1000
L - OFF | 12 ($0C) | -2000] 9000 1] -2000] 9000
~200.010 900.0°C C ON | 44 ($2C) | 200 _ 900 0| -200] 900
U - OFF | 13 (S0D) | -2000] 4000 1] 2000|4000
-200.010 400.0°C D ON |45 ($2D) | -200] 400 0| -200] 400
W : OFF | 14 (30E) 0| 16000 1 0[ 23000
0.010 1600.0°C E ON | 46 ($2E) 0] 1600 0 o[ 2300
Platinel 2 - OFF | 15 ($0F) 0] 13900 1 0[ 13900
0.0101390.0°C F ON | 47 ($2F) 0] 1390 0 0] 1390
IPt100 - OFF | 16 ($10) | -2000] 5000 1] 2000] 5000
-200.010 500.0°C O | oN [ON [48 ($30) | -200] _ 500 0| 200 500
- OFF |17 ($11) | 2000] 2000 1] -2000] 2000
-200.010 200.0°C L ON [49 ($31) | -200] _ 200 0] -200] 200
- OFF |18 (512) 0] 3000 1 o[ 3000
0.010300.0°C 2 ON |50 ($32) 0] 300 0 o[ 300
- OFF [19 (513) 0| 15000 2 0[ 15000
00010 150.00°C 8 ON |51 (333) 0] 1500 1 o[ 1500
o [ Pt1oo - OFF |20 ($14) | -2000] 8500 1] 2000] 8500
'E -200.010 850.0°C 4 ON |52 ($34) | -200] _ 850 0] -200] 850
- OFF |21 ($15) | -2000] 5000 1] -2000] 5000
~200.010 500.0°C 5 ON |53 ($35) | -200] _ 500 0| -200] 500
- OFF |22 ($16) | -2000] 2000 1] 2000] 2000
~200.010 200.0°C 6 ON |54 ($36) | -200] _ 200 0] -200] 200
: OFF |23 ($17) 0] 3000 1 o[ 3000
0.010300.0°C ! ON |55 (337) 0] 300 0 o[ 300
- OFF [24 (518) 0| 15000 2 0] 15000
00010 150.00°C 8 ON |56 ($38) 0] 1500 1 0] 1500
0-10mV_|0.00 to 10.00 mV 9 25 (519) 0] 1000 2 0] 1000
% [0-100mV 0.0 to 100.0 mv A | ON | X [26 ($1A) 0] 1000 1 o[ 1000
£ 01V [0.000t0 1.000V B 27_(31B) 0] 1000 3 0| 1000
S [ 05V [0.000105.000V D 29 (31D) 0] 5000 3 0| 5000
Q [T 15V [1.000 to 5.000 V E 30 ($1E) | 1000] 5000 3] 1000] 5000
0-10V ] 0.00 to 10.00 V. F 3L (31F) 0] 1000 2 0| 1000

*1:  For thermocouples K, B, S, R, and W, the upper and lower input range limits may exceed their default values.
*2:  When you change the switch settings and then power on the module, all stored data is initialized according to the hardware switch

settings. An ‘X’ symbol in the SW1-3 column indicates that the switch setting is ignored.

*3:  “Software Setting” refers to values specified for input type selection (IN). Any value not listed here is ignored.
*4: These are factory settings. When ‘set by software’ is selected, the initial value of input type selection (IN) is “1: Thermocouple K”.
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Table A4.1 Input Type Selection (2/2) (SW1-1=0N)

Input Type Software Input Range™
Input Type Instrument Range Selector Switch™ Setting Default Allowable Range
SW5 | SWL4 | SWi3 NG R RH | DECP | RL RH

Software setting 0 |OFF [X
K - OFF | L (301) | 3280] 24980 1] -4540] 24980
-3280102498.0°F | 1 | orp TON 33 ($21) | -328] 2498 0| -454] 2498
] . OFF | 2 ($02) | -3280] 18320 1| -4540] 24980
328010 18320°F | 2 ON | 34 ($22) | -328] 1832 0| -454| 2498
: OFF | 3 ($03) | 3280] 9320 1] 3280] 9320
~328.010 932.0°F 3 ON | 35 ($23) | -328] 932 0 328 932
3 . OFF | 4 (304) | 3280] 21920 1] -3280] 21920
-328.0102192.0°F | 4 ON | 36 ($24) | -328] 2192 0| -328] 2192
] ; OFF | 5  ($05) | -3280] 9320 1| 3280] 9320
328.010 932.0°F 5 ON | 37 ($25) | -328] 932 0| -328] 932
T : OFF | 6 (306) | -4540] 7520 1] -4540] 7520
~454.010 752.0°F 6 ON | 38 ($26) | 454 752 0| -454] 752
© B . OFF | 7 (307) 2] 2912 0 2| 3212
5 3210 2912°F ! ON | 39 ($27) 32| 2012 0 32| 3272
3 S ; OFF | 8 (508) 32] 2012 0 32| 3092
g 3210 2912°F 8 ON | 40 (528) 32] 2012 0 32| 3092
5 R : OFF | 9 (309) 32] 2012 0 32| 3092
= 3210 2912°F 9 ON | 41 ($29) 32] 2012 0 32| 3092
N : OFF | 10 ($0A) | 3280] 23720 1] -3280] 23720
~328.0102372.0°F | A ON | 42 ($2A) | -328] 2372 0| -328] 2372
E . OFF | 11 ($0B) | -4540] 18320 1| -4540] 18320
4540101832.0°F | B ON | 43 ($2B) | -454] 1832 0] -454] 1832
L : OFF | 12 (30C) | -3280] 16520 1] 3280 16520
328010 1652.0°F | C ON | 44 ($2C) | -328] 1652 0| -328] 1652
U . OFF | 13 (30D) | 3280] 7520 1] -3280] 7520
~328.010 752.0°F D ON |45 ($2D) | -328] 752 0| -328] 752
W . OFF | 14 (SOE) 32] 2012 0 32| 4172
32102912°F E ON | 46 ($2E) 32| 2012 0 32| 4172
Platinel 2 : OFF | 15 ($0F) | 320] 25340 1] 320 25340
32.010 2534.0°F F ON | 47 ($2F) 32| 2534 0 32| 2534
IPLL00 : OFF | 16 ($10) | 3280] 9320 1] -3280] 9320
-328.0 10 932.0°F 0 Jon ON | 48 ($30) | -328] 932 0 328] 932
; OFF | 17 (511) | 3280] 3920 1| 3280] 3920
~328.010392.0°F L ON | 49 ($31) | -328] 392 0 -328] 392
: OFF | 18 ($12) | 320] 5720 1] 320] 5720
32.010572.0°F 2 ON | 50 ($32) 2] 572 0 2] 572
; OFF | 19 (513) | 320] 3020 1] 320 3020
32.010 302.0°F 3 ON | 51 (333) 32| 302 0 2] 302
o [ Pt1oo ; OFF | 20 ($14) | 3280] 15620 1] 3280 15620
'E -3280101562.0°F | 4 ON | 52 (334) | -328] 1562 0] -328] 1562
: OFF | 21 (515) | -3280| 9320 1] 3280] 9320
~328.010 932.0°F 5 ON | 53 ($35) | 328 932 0| 328 932
; OFF | 22 ($16) | 3280] 3920 1] 3280] 3920
~328.010 392.0°F 6 ON | 54 ($36) | 328] 392 0| -328] 3%
: OFF | 23 ($17) | 320] 5720 1] 320] 5720
32010 572.0°F ! ON | 55 ($37) 32 572 0 2] 572
: OFF | 24 ($18) | 320| 3020 1] 320] 3020
32.010 302.0°F 8 ON | 56 ($38) 32| 302 0 2] 302
0-10mV _|0.00 to 10.00 mV 9 25 (319) 0] 1000 2 0] 1000
% [0-100mV_[0.0 0 100.0 mV A |ON X [26 (31A) 0] 1000 1 0| 1000
£ [ 01v_[0.000t01.000V B 27 (51B) 0] 1000 3 0| 1000
S [ 05V [0.000105.000V D 29 (31D) 0] 5000 3 0| 5000
Q [ 15V [1.000to 5.000 V E 30 (S1E) | 1000] 5000 3] 1000] 5000
0-10V_[0.00 t010.00 V. F 31 (31F) 0] 1000 2 0| 1000

*1:  For thermocouples K, B, S, R, and W, the upper and lower input range limits may exceed their default values.
*2:  When you change the switch settings and then power on the module, all stored data is initialized according to the hardware switch

settings. An ‘X’ symbol in the SW1-3 column indicates that the switch setting is ignored.

*3:  “Software Setting” refers to values specified for input type selection (IN). Any value not listed here is ignored.
*4: These are factory settings. When ‘set by software’ is selected, the initial value of input type selection (IN) is “1: Thermocouple K”.
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Table A4.2 Power Frequency Selection
Power Frequency Power Frequency Selector Software Setting™ Remarks
Selection Switch (SW1-2) FREQ
50 Hz OFF 0 Factory setting
60 Hz ON 1

*1: “Software Setting” refers to values specified for FREQ. Any value not listed here is ignored. To enable software setting, set the input
type selector switches to “set by software”, that is, “SW5=0; SW1-4=0OFF". If software setting is enabled, the initial power frequency

setting follows SW1-2. This may be subsequently overridden using the “software setting”.
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A4.2 Attaching/Detaching Modules

After setting hardware switches, attach the module to the base unit. This section
describes the procedure for attaching/detaching the module and the necessary
precautions.

B Attaching Modules

Figure A4.3 shows how to attach this module to the base module. First hook the anchor
slot at the bottom of the module to be attached onto the anchor pin on the bottom of the
base module. Push the top of this module towards the base module until the
anchor/release button clicks into place.

4@ CAUTION

Always switch off the power before attaching or detaching a module.

Base module

Anchor pin

Temperature Control/PID Module

Figure A4.3  Attaching Modules

4@ CAUTION

DO NOT bend the connector on the rear of the module by force during the above
operation. If the module is pushed with improper force, the connector may bend causing
an error.
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B Detaching Modules

To remove this module from the base module, reverse the above operation. Press the
anchor/release button on the top of this module to unlock it and tilt the module away from
the base module. Then lift the module off the anchor pin at the base.

B Attaching Modules in Intense Vibration Environments

If the module is used in intense vibration environments, fasten the module with a screw.
Use screws of type listed in the table below. Insert these screws into the screw holes on
top of the module and tighten them with a Phillips screwdriver.

=L o —amw

Figure A4.4

Screw Required

M4-size Binder screw 12 to 15 mm long
(or 14 to 15 mm if fitted with a washer)

Tightening the Module

=2tk

—— e — a1
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A4.3

A4.3.1

Wiring
After attaching the module to the base module, connect the input and output signal wires

to the module. This section describes wiring precautions. Actual wiring can be performed
before or after program creation, at your convenience.

Wiring Precautions

To wire the module, see Section A4.3.2, “Terminal Wiring Diagram” and observe the
following precautions.

(1) For thermocouples with a terminal box, use the specified compensating wire.

(2) For resistance temperature detector (RTD) input, use a lead wire with low
resistance (10 Q/wire max.) with the three wires having identical resistance.

(3) To protect the input circuitry against noise, observe the following precautions.

(&) The wiring for the input circuit must be kept as far away as possible from the
power supply or grounding circuitry.

(b) Twisting the input wire at short equal intervals may be effective against
interference from electromagnetic-induced noise.

(c) Using a shielded wire may effectively protect against static-induced noise.
Strip off the outer shield to expose the wire, and ground it with an FG clamp.
(two-point grounding should be avoided.)

(d) Attach a ferrite core to the wire near the exit of the panel enclosure to reduce
the effect of noise if the input wiring leads outside the panel enclosure.

Remove the cover

Shielded and fix with an FG F3CO04-00S
wire clamp O
v =
—

Ground it by

attaching it to
the metal plate
of the panel
enclosure

Fit ferrite core near the exit on input cables that

lead out of the panel enclosure

Figure A4.5 Wiring Precautions

Table A4.3 FG Clamps and Ferrite Core Recommended by Yokogawa

FG clamp Kitagawa Kogyo Industries Co., Ltd. FGC Series
Kitagawa Kogyo Industries Co., Ltd. RFC Series
Ferrite core TDK Corporation ZCAT Series
Tokin Corporation ESD-SR Series
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(4) We recommend using crimp contact (for 3.5mm screw) with insulating sleeve to
connect a signal wire to a terminal.

Table A4.4  Connection Method and Recommended Terminal Block Type

Wire Type Shielded twist-pair wire
Wire's Rated Temperature 75°C min.
Wire Connection Method Using solderless terminal
Manufacturer Model Compatible Wire Size
Japan Solderless Terminal Mfg Co., Ltd. V1.25-M3 AWG22 to 18
Solderless terminals | Nippon Tanshi Co., Ltd. RAV1.25-3.5 (0.33 10 0.82 mm?)
and compatible wire | Japan Solderless Terminal Mfg Co., Ltd. | V1.25-M4 (Copper wire)
size AWG16 to 14
Japan Solderless Terminal Mfg Co., Ltd. V2-M4 (1.3t0 2.1 mm?)
(Copper wire)
Crimping Torque 0.8 N:m (7.1 Ibf-in)

(5) If you have an open collector driving an auxiliary relay or other inductive load,
install a diode close to and parallel to the load to eliminate sparks, as shown in
Figure A4.6.

Temperature control and PID module

_+

External DC
ower suppl
l ouT /p pply

N

COM

Diode
(install it directly at the
relay socket across the
Relay relay coil terminals.)
(the rating of the relay coil
must be within the capacity of
the module contact.)

34FG12.VSD
Figure A4.6  Surge Suppressor

A@kCAUﬂON

If you configure an output terminal as an open collector and have it drive an auxiliary relay
or other inductive load, install a surge suppressor as described above. If the output
terminal is subjected to a surge voltage exceeding the maximum allowable rating of the
output circuit, the circuit may be damaged permanently.

(6) If you have an open collector driving a solid state relay (SSR), install a bleeder
resistor across the SSR terminals. The resistance should be determined, taking
into consideration the off leakage current of the output terminal and the SSR's
recovery voltage. For instance, if the SSR's recovery voltage is 1 V or more, the
resistance of the bleeder resistor should be 10 kQ (= 1 V/0.1 mA) or less.

A@lCAUHON

If you configure an output terminal as an open collector and have it drive an SSR, install a
bleeder resistor as described above. Note that the SSR may fail to turn off depending on
the OFF-leakage current, the resistance of the bleeder resistor and the SSR's recovery
voltage. For details, see the user's manual for the SSR.
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A4.3.2 Terminal Wiring Diagram

B Terminal Diagram and Wiring Example for F3CU04-0S

1 (2A)
2 (3A
3 IN4 4+ 4b
IN3 || 4 5 @: 3b 4B
6 3B} >=<<
3 7 >-<1A 2A
9 IN2 2+ 2b
0 L b
11 2- (2B )
12 1B
13 -
ouT1|| 1
ourt)| 16 17 || 24v
COM|| 18 —
a) Terminal Assignment Diagram For thermocouple and For RTD input
DC voltage input
IN1 IN2 IN3 IN4
8 7 2 1 A
10][ 9 ][ 4| 3 :+:> — |[b ;
12|[11]|[ 6 |[ 5 - |—" T |B
b) Input Terminal Wiring Diagram
OUT1 OUT2 OUT3 OUT4
, —
16 | 15 | 14 | 13 oc. ﬁ
17 (shared) 24V|e——t
18 (shared) | com|e—— T

c) Output Terminal Wiring Diagram
Figure A4.7  Terminal Wiring Diagram

A WARNING

No wire must be connected to the terminals marked "NC" in the terminal assignment
diagram or terminal wiring diagram. Otherwise, the module will not function normally. All

output terminals must be wired following instructions given in Section A4.3.1, "Wiring
Precautions."”
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B Output Terminal Wiring Example for F3CU04-0S

The output terminals of F3CU04-0S are open collector only.

Temperature control and PID module

COM

Figure A4.8 Wiring Example for Connecting a Relay

Temperature control and PID module

Bleeder

13-16 resistor
)

COM

Figure A4.9  Wiring Example for Connecting an SSR

4@ CAUTION

Read Section A4.3.1, "Wiring Precautions" before performing wiring.
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B Terminal Diagram and Wiring Example for F3CU04-1S

IN3

IN1

a) Terminal Assignment

2

3
4

5
6

5
8

9
10

11
12

13
14

15
16

17
18 —

IN4

IN2

Diagram for F3CU04-1S

INL IN2 IN3 N4
8l 71 2| 1
10| 9 (| 4 || 3
12|11 6 || 5

For thermocouple and
DC voltage input

b) Input Terminal Wiring Diagram for F3CU04-1S
Figure A4.10

A WARNING

Terminal Wiring Diagram

(2A)
ab

4B

2b

28)

For RTD input

=D

No wire must be connected to the terminals marked "NC" in the terminal assignment or

terminal wiring diagram. Otherwise, the module will not function normally.

A WARNING

All output terminals of F3CU04-1S are located on the right terminal block. Terminals 13-18
are not output terminals on F3CU04-1S, but are output terminals on F3CU04-0S. No wire
must be connected to these terminals on F3CUO04-1S. Otherwise, the module will not
function normally.
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=
ouTs8-
i
OouT7-
5 |
ouT6-
8 |
OUT5-
0}
OuT4-
11 ||ouT3
2
13
14 oo
OouT1
16
17 || 24av
GND || 18
a) Output Terminal Assignment for F3CU04-1S
OUT1 OUT2 OUT3 OUT4 OUT5 OUT6 OUT7 OUTS8
15113 (11| 9 7 5 3 1 + o.C.
16 (14 | 12 | 10 | 8 6 4 2 — NC
17 (shared) 24V|e—— 24V e——9p
18 (shared) oNDle——  [enD|e— T
b) Output Terminal Wiring Diagram for F3CU04-1S (Analog Output) (Open Collector Output)

Note: The output type may be selected for each loop of F3CU04-1S. For details on output type selection, see Section B3.1.4,
"Setting Output Terminals." Wiring depends on and thus must be done according to the output type selected.

Figure A4.11  Output Terminal Wiring Diagram for F3CU04-1S

A WARNING

If F3CUO04-1S is used for current output to drive an external load with the OUTPUT
parameter set to "Analog," ensure that the wires from the 24 V power supply are
connected correctly as shown in the above figure before supplying the power to the
module. The module will be damaged if the positive wire of the 24 V power supply is
wrongly connected to a negative load terminal (terminal number 2, 4, 6, 8, 10, 12, 14, or

16),
+
~~“
av S X
GND f——1T

A WARNING

If the output terminals of F3CUO04-1S are configured as open collector output, share the
24 V DC power supply of the module as shown in the above figure. No wire must be
connected to the terminals of F3CU04-1S marked "NC" in the output terminal wiring
diagram for open collector output if the Output Type Selection (OUTPUT) parameter is set
to “Open Collector”.
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B Output Terminal Wiring Example for F3CU04-1S

The output terminals of F3CU04-1S may be configured either for open collector or analog
output (4-20 mA) for each loop by software.

Temperature control and PID module

1,3,5,7,9,11,13,15
b Q

\2, 4,6,8,10,12, 14, 16
7

O

v The return wire from each SCR

may be connected together at the
negative terminal of the 24V DC
- — power supply instead.

24V

COM

Figure A4.12  Wiring Example for Connecting an SCR (analog output)

Temperature control and PID module

Surge
suppressor

1,3,5,7,9, 11,13, 15
N

COM

Figure A4.13  Wiring Example for Connecting a Relay (open collector output)

Temperature control and PID module

Figure A4.14  Wiring Example for Connecting an SSR (open collector output)

A WARNING

In each wiring example, no wire must be connected to any terminal whose terminal
number is not shown in the diagram. Always read Section A4.3.1, "Wiring Precautions”
before performing wiring.
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B1. Accessing the Module

The relays and registers of this module can be accessed from a sequence CPU or
BASIC CPU. This chapter explains the precautions when reading from or writing to
the module from a CPU. For details on the relays and registers provided with this
module, see Chapter B2, “Types of Relays and Registers”.

Content See
Accessing from a CPU B1.1 Accessing Using Sequence Instructions
Accessing from a BASIC CPU B1.2 Accessing Using BASIC

Precautions when reading from and writing B1.3 Writing and Reading after Powering On
to the module
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B1l.1

Accessing Using Sequence Instructions

Accesses to this module from a sequence CPU can be classified into three types,

namely, reading from data registers, writing to data registers and reading from input
relays.

B Reading Registers (READ / HRD)

Use the Read instruction or High Speed Read instruction for reading registers. Reading
is performed in 16-bit units.

Table B1.1 Reading Registers

Is Input
. condition . .
Function . . o | Execution Step Processing
No. Instruction | Mnemonic Symbol Required? Condition count unit Carry
Yes | No
81 READ READ| | | | | 5
Read v | — 16 bits —
81P TREAD READ IIII 6
2 weo | [aro] [T | s
High speed v 16 bits .
read
o R {ro [T j °

Description of Symbols

—1 READ SL n1 D k SL: Slot Number
n1 : First Data Position Number for Reading
D : First Device Number for Writing Read Data
k : Transfer Data Count

— HRD SL n1 D k

Slot Number: a 3-digit integer (leading '0's may be omitted)

X XX
L Physical slot position (1 to 16) where teh module is installed

Slot number
main unit : 0
subunit :1to7

First Data Position Number for Reading : Data position number from which to start reading

First Device Number for Writing Read Data : For available devices, (see "Sequence CPU Modules - Instructions" manual.)

Transfer Data Count : Number of data to read
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B Writing to Registers (WRITE / HWR)

Use the Write instruction or High Speed Write instruction for writing to registers. These
instructions write the value stored in the specified data device number into the specified
area. Writing is performed in 16-bit units.

Table B1.2  Writing to Registers

Is Input
Function condition Execution | Ste
No. Instruction | Mnemonic Symbol Required? Condition courpl)t Processing unit| Carry
Yes | No
2 weire | fwmme [ ] :
Write v — 16 bits —
82P T WRITE IIII 6
o wr | Lrar] [T BRE
High speed v | — 16 bits —
write
84P T HWR IIII 6
@® Description of Symbols
—1 WRITE S SL n2 k S : First Device Number for Write Data

SL : Slot Number
n2 : First Data Position Number for Writing
k : Transfer Data Count

— HWR S SL n2 k

First Device Number for Write Data: First device number containing write data. For available devices,
see "Sequence CPU Instruction Manual - Instructions".
Slot Number: a 3-digit integer (leading '0's may be omitted)

XE» Physical slot position (1 to 16) where the module is installed

Slot number
main unit : 0
subunit :1to7

First Data Position Number for Writing : Data position number from which to start writing
Transfer Data Count : Number of write data

4@ CAUTION

You must observe some precautions when writing to the module. For details, see Section
B1.3, “Reading and Writing after Powering On”.
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B Reading Input Relays

Use the LD and other basic instructions to read from a relay in bit units.

XOOO0nn
] M |
_

000 denotes the slot number where the module is installed.

Figure B1.1 Reading Relays

TIP

This module is provided with an interrupt function for use with BASIC CPUs and other non-sequence
CPUs. As the interrupt function is not designed for use with sequence CPUs, it may not work as expected
when used with sequence CPUs. Hence, do not use the interrupt function with a sequence CPU.
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B1.2 Accessing Using BASIC

Table B1.3 lists the BASIC statements that can be used to access this module from a

BASIC CPU.

Table B1.3 Available BASIC Statements
Function Syntax Description
Example: Defines the mapping between module
Declare use of ASSIGN CX04=SL and slot number.
module SL Slot number Always execute this statement before
accessing this module. Execute this
statement in the main program.
Read data from | Example: Reads data position number n of the
registers ENTER SL, n NOFORMAT; | module installed in slot SL and stores it
or in input variable I.
ENTER SL NOFORMAT; I(*) If the data position number is omitted,
SL : Slot number reads data sequentially starting from
n : Data position number register 1 into input array variable I(*).
| : Name of input variable for
storing read data
Write data to Example: Writes output variable | to data position
registers OUTPUT SL, n NOFORMAT;I number n of the module installed in slot
or SL.
OUTPUT SL NOFORMAT;I(*) If the data position number is omitted,
SL: Slot number writes output array variable 1(*)
n : Data position number sequentially to registers, starting at data
([ Output variable name storing | position number 1.
data to be written
Read input Example: Reads input relays XOOOO01 to
relays STATUS SL,101; P XOOO16 of the module installed in slot
SL: Slot number number SL and stores the data in
P: Name of variable for storing variable P.
read data
Interrupt Example: The module generates an interrupt
detection ON INT SL,n GOTO {Label, etc.} when it detects an OFF—ON transition

ON INT SL,n GOSUB {Label, etc.}
ON INT SL,n CALL {Subprogram}
SL: Slot number
n : Terminal number

of input relay for terminal number n of
the module installed in slot number SL.
Refer to the list of relays to find out
which relays support interrupts.

A@ CAUTION

Using a BASIC statement not listed in Table B1.3 may produce unexpected results.

Z@ CAUTION

You must observe some precautions when writing to the module. For details, see Section

B1.3, “Reading and Writing after Powering On”.
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B1.3 Writing and Reading after Powering On

Do not read from and write to 1/0 data registers before module startup completes. This
can be ensured by checking that the MDLRDY relay is set.

Table B1.4 Relays Related to Writing after Powering On

Input Relay Number -
XOOOnn Symbol Description Data Values
0: During startup,
X16 MDLRDY Module startup has completed 1: Startup completed

*1: OO0 denotes the slot number where the module is installed.

MDLRDY relay I

? Powering on T Module startup completed

Data written before startup is completed may be All data read or written after startup has completed
ignored. Similarly, values for any data read may be are valid.
invalid.

Figure B1.2 Checking for Module Startup Completion after Powering On

After power on, it takes up to approximately 2 seconds for the module startup to complete
(startup initialization). Any data written during this period may be ignored. For instance, if
a write instruction to the special relay M35, “On for 1 Scan after Program Start” is used in
a sequence program to start a program after power on, the written data may be ignored.

4@ CAUTION

If data is written before the MDLRDY relay turns on, such data may be overwritten during
module initialization. If data is written for a stored parameter, the data may be overwritten
by stored data; if data is written for a non-stored parameter, the data may be overwritten
by its default parameter value.

Similarly, if data is read before the MDLRDY relay is set, the data read may be invalid.

IM 34M06H62-02E  3rd Edition : Jul.16, 2015-00



B2-1

B2. Types of Relays and Registers

B2.1

This module provides input relays and input/output data registers for accessing
the module from a CPU module. This chapter describes these relays and registers.

Types of Relays

This module has 7 input relays for each loop and 4 system-wide input relays, but no
output relay. Table B2.1 (1/2) lists the loop-specific input relays. Table B2.1 (2/2) lists the
system-wide input relays. For details on each relay, refer to the text section indicated in
the “See Also” column.

Table B2.1  List of Input Relays (1/2)

Input Relay Number XOOOnnt L See
Symbol Description Data Range Interrupt
Loop 1 |Loop 2 | Loop 3 | Loop 4 y P g Pt 1 Also
X01 | X09 | X17 | X25 ALM1.R |Alarm 1 0: Normal, 1: Alarm 1 4 cs
X02 | X10 | X18 | X26 ALM2.R |Alarm 2 0: Normal, 1: Alarm 2 4 '
X03 | X11 | X19 | x27 AM  |Auto/manual 0: Auto, 1: Manual — B3.4
X04 | X12 | x20 | x28 | ATRDY |Auto-tuning completed 0: AT in progress v |cs2
1: AT completed
X05 | X13 | X21 | X29 HOUT.R |Heating control output 0: OFF, 1: ON — c2.4
X06 | X14 | X22 | X30 COUT.R [Cooling control output 0: OFF, 1: ON - '
*3 0: Normal C35
v
X07 | X15 | X23 | X31 |FUNC.ERR |Burnout or error detected 1: Error detected c10.
*1: OO0 denotes the slot number where the module is installed.
*2:  For details on how to check the operation status in the cascade control mode, see the description for the cascade control
mode.
*3: Denotes that self-diagnostics has detected a burnout, AD converter error or other errors, which prohibits normal
operation.
Table B2.1  List of Input Relays (2/2)
Input Relay Number XOOOnnt|  Symbol Description Data Range Interrupt Asles%
X08 CMDRDY Command processing O Process!ng in progress; v B2.3
completed 1: Processing completed
X16 MDLRDY |Module startup completed 0 Startup in progress; 4 B1.3
1: Startup completed
X24 SETUP.R |Setup mode 0- Normal operation mode v B2.3
1: Setup mode
X32 SPWR.R Write SP to EEPROM 0 Wr!te in progress or not started v B2.4
completed 1: Write completed
*1: OO0 denotes the slot number where the module is installed.

TIP

A “v” mark in the “Interrupt” column denotes that the module allows an interrupt to be sent to the CPU
module when the input relay changes from 0 to 1. This allows a program on the CPU module to easily
detect, say, an alarm. For details on interrupt handling, read the instruction manual for the software used.

TIP

Input relays are refreshed at intervals defined by the input sampling period (100 or 200 ms) of the
module, except that the HOUT.R and COUT.R relays are refreshed at refreshing intervals for output
terminals (1/1000 of cycle time or 10 ms, whichever is longer).

1@ CAUTION

An interrupt that is sent to the CPU module immediately after module startup may be
ignored if the CPU module is not ready to receive interrupts. Therefore, always check the
status of the module immediately after startup by reading the state of individual relays.
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B2.2

Types of Registers

This module is provided with input/output data registers for configuring module operation
and reading operation status. Registers for configuration include basic setup elements,
as well as supplementary setup elements for supporting various modes of operation. Set
these registers appropriately to suit the intended usage. In addition to registers for
reading the status of individual loops, other registers are provided to store process data
for all loops, arranged sequentially within a data area. Table B2.2 lists the categories of
I/O data registers provided, along with a short description for each category. Table B2.3
and subsequent tables list the 1/O data registers by category.

Table B2.2  Structural Overview of I/O Data Registers
Category Description See Also
Common |Common process data These are basic process-related data for all loops, comprising
constantly-monitored process-related data including PV, control set point  [B2.2.1
and control output.
Analog output settings These parameters are only available for F3CU04-1S. They can be used to
specify analog output of a specific value (4-20 mA) for any output terminal |B2.2.2
not used for control output.
Setup control parameters Use these parameters to enable various settings, required when controller B2.2.3
parameters or 1/O parameters are updated. B23
For details on the procedure, see Section B2.3, “How to Enable Settings.” )
Function control parameters Use these parameters to configure the operation of module functions on a B22.4
module-wide basis. -
Controller parameters Use these parameters to set up the basic operation of the module, such as [B2.2.5
input sampling period and controller mode, on a module-wide basis. B3.1
Loops Process data These are process-related data for each loop.
1to4 They include PV, control set point, control output, error status, etc., which [B2.2.8
can be used for monitoring the operation of the module.
Operation control parameters  |Use these parameters to control the operation of individual loops. They
control run/stop, automatic/manual/cascade, auto-tuning and other B2.2.9
operation control modes, as well as manual output and other operation -
control parameters.
1/0 I/O type settings |Use these parameters to select input and output types for individual loops.
parameters These are the most basic loop-specific parameters.
Input range Use these parameters to change input ranges and other input-related B2.2.10
settings settings or select burnout operations for individual loops. e
PV range settings |These parameters are only valid in the two-input changeover mode, and B3.2
are used for defining the PV range in two-input changeover control. ’
By default, the PV range follows the input range of the even-numbered
loop.
Operation Two-input Use these parameters to perform setup when using the two-input
parameters  [changeover changeover mode. They can be used for setting the changeover method
function settings |and temperature.
SP-related Use these parameters to define set points for individual loops, as required.
function settings |They can be used for setting upper and lower input limits, rate-of-change,
and tracking.
PV-related Use these parameters to perform PV-related setup for individual loops, as
function settings |required. They can be used for configuring PV correction, square root
extraction and input filtering.
Operation-related [Use these parameters to configure control operation for individual loops, as
function settings |required. They can be used to set up dynamic auto-tuning, the “super” B33

function, control mode, and other control-related functions.

Output-related
function settings

Use these parameters to configure control output for individual loops, as
required. They can be used for setting control output cycle time and
rate-of-change limits.

Alarm-related
function settings

Use these parameters to set up the operation of the alarm functions for
individual loops as required. They can be used to set the alarm type,
hysteresis, and ON delay timer.

PID parameters 1

PID parameters 2

PID parameters 3

PID parameters 4

Use these parameters to configure PID control-related functions for
individual loops. They can be used for specifying set points, alarm preset
values, proportional band, integral time, and derivative time.

Up to four parameter groups can be defined for each loop.

@ CAUTION

Controller parameters and I/0O parameters must be enabled before any written content
can take effect. For details on how to enable such parameters, see Section B2.3, “How to
Enable Settings.”
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B Common Precautions for Registers

Z@ CAUTION

Only registers listed in Table B2.3 and subsequent tables are valid data registers
provided with this module. Any humber missing from the “Data Position Number” column
in these tables is omitted intentionally. When a value written to a valid data register
exceeds the valid data range, as indicated in the “Data Range” column in these tables,
the written value is ignored and the original value is restored. An out-of-range value
written to a controller parameter or 1/O parameter, however, remains and is returned as
read data until an instruction is executed to enable the parameter, at which time, the
out-of-range value will be restored to the original value. At the same time, an error status
is returned.

Any data written to a read-only (R/O) data register is ignored and does not affect module
operation. However, if the register is read immediately after the write operation (for
example, within the same scan of the sequence program), the written value may be
returned.

Any data written to an undefined register or a register that is considered invalid for a
module type or controller mode is ignored and does not affect module operation. If the
register is read after the write operation, however, the written value or a register-specific
value may be returned. The register-specific value may or may not be a constant value.

@ CAUTION

The “Attribute” column in a table indicates whether a register can be read and written.
“RO” indicates a read-only register, whilst “RW” indicates a register that can be read, as
well as written.

A“v" mark in the “Stored” column indicates that the content of the register is stored, and
need not be re-written to the module after power off and on. When changing the value of
a stored register, beware, however, that there is a maximum limit to the number of write
operations allowed on the EEPROM. By default, writing to a stored register automatically
updates the data stored in the EEPROM. To suspend this updating of the EEPROM, you
should disable the backup function.

1@ CAUTION

You need to execute a specific procedure every time to back up set point values.
Otherwise, stored set points will not be updated.

Z@ CAUTION

Up to 100,000 write operations to the EEPROM are allowed. Beware that this write limit
may be exceeded if registers with a “v” mark in the “Stored” column are frequently
updated. In such situations, you should disable the backup function by setting
“NBKUP=1". Note, however, that the NBKUP register value itself is not stored, and is
always reset to 0 at power up.

IM 34M06H62-02E 2nd Edition : June 2008-00



B2-4

B2.2.1 Common Process Data
These are basic process-related data common to all loops, including PV, control set
point, control output, and other constantly monitored process-related data.
Table B2.3 Common Process Data
Data
Position Symbol Description Unit Data Range Default Attribute | Stored See
Value Also
Number
1 PV.1 — RO —
PV 2 PV.2 Process value |Industrial (ggl_tciolg‘;a;ﬂ’ of — RO — s
3 PV.3 unit — RO — '
4 PV.4 — RO —
11 CSP.1 — RO —
. 12 CSP.2 Control set Industrial — RO —
Control set point 13 CsP3 point unit PRL to PRH — RO —C4.
14 CSP4 — RO —
21 HOUT.1 OL to OH: — RO —
22 HOUT.2 for single output — RO — |C2.
0,
Control output 23 HOUT3 Control output % 0 to OH: — RO —lc71
24 HOUT.4 for heating/cooling output — RO —
31 COUT.1 — RO —
Cooling Control 32 COUT.2 Cooling Control o 0to OL: — RO — le7a
output 33 COUT.3 output 0 for heating/cooling output — RO — '
34 COUT.4 — RO —
41 RUN.STUS.1 Each bit is on or off — RO —
. 42 RUN.STUS.2 |Operating depending on the status. — RO —
Operating Status 43 RUN.STUS.3 |Status None For details, see text — RO — ¢t
44 RUN.STUS .4 section under “See Also.” — RO —
51 ERR.STUS.1 Each bit is on or off — RO —
52 ERR.STUS.2 depending on the status. — RO —
Error Status 53 | ERRSTUs3 |- orstams | None oo derails, see text - RO | — |“1©
54 ERR.STUS.4 section under “See Also.” — RO —
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B2.2.2 Analog Output Settings

These are parameters available only for F3CU04-1S. They can be used to specify an
analog continuous output of a specific value (4-20 mA) for any output terminal not used

for controlled output.

Table B2.4  Analog Output Setting Parameters

Data Position Number - . Default . See
Loop 1 | Loop 2 | Loop 3 | Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
61 AOUT1 0 RW —
62 AOUT2 0 RW —
63 AOUT3 0 RW —
64 AOUT4 0 -500 to 10500 0 RW —
65 AOUT5 |Outputpresetvalue | % | ’5q010105.0006) [0 | RW | — | C%°
66 AOUT6 0 RW —
67 AOUT7 0 RW —
68 AOUTS 0 RW —
Z@ CAUTION
This function is available only for F3CUO04-1S. An Output Terminal Selection

(OUTSEL1-8) parameter must be setup to output an output preset value specified here

(see Section B2.2.7, "Controller Parameters").

N
o

N

Continuous output (mA)

o

Figure B2.1

0

|
50 100
Output preset value (%)

Relationship between Output Preset Value and Control Output
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B2.2.3

Setup Control Parameters

Use these parameters to enable various settings, required when controller parameters
and I/O parameters are updated. For details on the procedure, see Section B2.3, “How to

Enable Settings”.

Table B2.5 Setup Control Parameters

Loop 1DTti§()o:glcinngrr)n§TrLoop 7 Symbol | Description Unit Data Range [i/e;ﬁj uelt Attribute | Stored :li i
0: Disable setup instruction
operand,;
& SETUP|Setup None 14 Enable setup instruction 0 RW o
operand
_Setup . 1, 2, 4, 8 or 16. For details, see
72 OPE |instruction None Table B2.6. 0 RW — |23
operand
0: No error;
Setup data position number of error
73 STUS |instruction None |register; or 0 RO —
response -32767: Invalid operation (SETUP
= O)

Table B2.6  Setup Instruction Operand Values (data position number: 72)

li;;iit Description Explanation
1 Initialize all parameters | Reverts all parameters to their factory settings.
Enables the controller parameters, which are the most basic setup elements.
Enable controller L :
2 parameters The module also initializes I/O parameters and operation parameters based on the controller
parameter values.
Enables the Input Type Selection parameter.
4 Enable 1/O type settings | The module also initializes input range settings, PV range settings and operation parameters
based on the input type selection parameter value.
8 Enable input range Enables the input range settings for measured input as required.
settings The module initializes PV range settings and operation parameters based on these settings.
16 Enable PV range Enables the PV range settings, which are required only in Two-input Changeover mode.
settings The module initializes operation parameters based on these settings.

*1  Input type and power frequency selection defined by the hardware switches have precedence over software settings.

[@ CAUTION

Writing to the Setup Instruction Operand (OPE) register a value that is not listed in Table
B2.6, “Setup Instruction Operand Values (data position number: 72),” has no effect on
module operation. When the setup operation completes, the Setup Instruction Operand
(OPE) register resets to 0.

[@ CAUTION

For details on the procedures for enabling settings, see Section B2.3, “How to Enable

Settings”.
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B2.2.4 SP Backup Parameters
Use these parameters to back up SP values to the EEPROM.
Table B2.7 SP Value Backup Operation Parameter
Data Position Number - . Default . See
Loopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored Also
Write set point to 0: Write not started or completed .
A SPWR | EEPROM NONe l\yR": Write to EEPROM 0 RW B2.4

B2.2.5 Function Control Parameters
Use these parameters to define the operation of module functions on a module-wide
basis.
Table B2.8  Function Control Parameters
Data Position Number - . Default . See
Toop 1]Loop 2| Loop 3] Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
Disable backup 0: Enable backup to EEPROM
75 NBKUP function None 1: Disable backup to EEPROM 0 RW B €9
B2.2.6 EEPROM Write Counter
The EEPROM Write Counter counts the number of write-to-EEPROM executions. Once
the value of the EEPROM write counter reaches its maximum limit, subsequent
write-to-EEPROM executions are no longer counted, although they can still be executed
until the EPPROM actually fails.
Table B2.9 SP Value Backup Operation Parameter
Data Position Number Default

Attributg Stored [See Alsd

Loop1 | Loop2 | Loop3| Loop4

Symbol Description Unit Data Range Value

77 and 78 (long word)) EEP.CNTR

EEPROM Write

Times|1 to 100,000 — RO — —
Counter

A WARNING

You should disable the backup function if you expect parameters that are designated to
be automatically stored to be frequently updated. By default, the module automatically
stores the values of such parameters to the EEPROM each time they are updated. If
parameter values are frequently updated and the number of write executions exceeds
the maximum limit of 100,000, EEPROM may fail and subsequent storing is not
guaranteed. Therefore, in situations where stored parameters are frequently updated,
you should always disable the backup function using the NBKUP parameter.

Z@ CAUTION

The EEPROM write counter counts the number of write-to-EEPROM executions, but not
the number of write executions to individual data position numbers.
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B2.2.7

Controller Parameters

Use these parameters to set up the basic operation of the module, such as input
sampling period and controller mode, on a module-wide basis.

Table B2.10  Controller Parameters
Data Position Number Symbol Description Unit Data Range Defauilt Attribute | Stored See
Loop 1 Loop 2 [ Loop 3] Loop 4 Value Also
Power frequency 0: 50Hz C3.2
L x — v
81 FREQ selection q None 1: 60Hz RW
Input sampling 0: 100 ms v~ |B3.1.2
82 SMP period ? None 1 200 ms 1 RW
0: Two single loops v C1.
83 MD12 1: Two-input changeover control 0 RW
Controller mode None 2 C_ascade control
3: Single loop
84 MD34 (odd-numbered disabled) 0 RW | v
4: Both loops disabled
Each terminal may be c2.2
87 OUTPUT Outpu_t tygge None |configured for either open 0 RW v
selection
collector or analog output.
90 Rey |Frmware None — — | = | = =
revision
91 OUTSEL1 1 RW v |C2.3
92 OUTSEL2 2 RW v
93 OUTSEL3 1-4: Heating outputs 1-4 3 RW v
94 OUTSELA |Output terminal None 11-14: Cooling outputs 1-4 4 RW v
95 OUTSELS5 |selection ™ 21-28: Output preset values 1-8 | 11 RW v
96 OUTSEL6 8 12 RW v
97 OUTSEL7 13 RW v
98 OUTSELS8 14 RW v
*1  The power frequency is set by default to the value set with the power frequency selector switch SW1-2. It can also be
selected with SW1-2. For details on how to do so, see Section A4.1, “Selecting Input Types and Power Frequency”. If the
power frequency is set using a hardware switch, the setting cannot be changed by software.
*2  This preset value imposes some restrictions on the number of loops that can be used. A value of 100ms allows up to 2
loops to be used, whilst a value of 200ms allows up to 4 loops to be used.
*3  This parameter is available only with F3CU04-1S. After selecting “Output preset value n” using the Output Terminal
Selection parameter, you must also specify a corresponding Output Preset Value (AOUTn) parameter value. (see also
Section B2.2.2, "Analog Output Settings").
*4  The F3CU04-0S module has only four output terminals. Thus, registers OUTSEL 5-8 are disabled and data range 21-28

is ignored.

[@ CAUTION

The controller parameters must be enabled before any written content can take effect.
For details on how to enable these parameters, see Section B2.3, “How to Enable

Settings.’

@ CAUTION

Changing a controller parameter initializes other related parameters. Always set
controller parameters before setting I1/0 parameters and operation parameters.

1@ CAUTION

You must observe some precautions when writing to the module. For details, see Section
B1.3, “Writing and Reading after Powering On.”
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Table B2.11  Output Type Selection
Data Description Relationship between Bit and Terminal
:?Jsmlté%? Symbol Terminal | 158 | 7 | 6 | 5|4 |3 |2 | 1|0 Data Range
87 OUTPUT | Output 1 — | —|—1—|—1—1—=—1—1Y | 0:Open collector output (default)

type 2 — — | — | —|—|—|—1| Y | — | 1: Analog output

selection 3 — — |- == =Y | =|—=
4 — — ===V | ===
5 — —_ -] =YV | = = =] =
6 — — | — | YV == = = =
7 — — | V| = =] =] =| =] =
8 — [ [ R R P [ S

Note: Setting a bit to 1 or 0 sets the corresponding terminal t

Z@ CAUTION

0 analog output and open collector output respectively.

Output type selection is available only with
output function.

model F3CUO04-1S, provided with continuous
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B2.2.8 Process Data
These are process-related data for each loop. They include PV, control set point, control
output, error status, etc., which can be used for monitoring the operation of the module.
Table B2.12  Process Data
Data Position Number
Symbol Description Unit Data Range Default Attribute | Stored See
Loop 1 | Loop 2 | Loop 3 | Loop 4 Value Also
Input process Industrial |-5% to 105% of
101 301 501 701 PVIN value unit (SLto SH) — RO — s
Industrial |-5% to 105% of '
102 | 302 | 502 | 702 PV Process value unit |(PRL to PRH) — RO —
103 | 303 | 503 | 703 CSP  |Control set point '”dﬁr?itt”a' PRL to PRH — | rRO | — |ca
OL to OH: for single output
104 | 304 | 504 | 704 HOUT  |Control output % 0 to OH: for heating/ — RO — lc2
cooling output C7.l
105 | 305 | 505 | 705 CcouT Cooling control % 0to OL: for heating/cooling| RO .
output output
106 | 306 | 506 | 706 | PIDNO |CurrentPID None |1to4 — | ro | — |ce9
number
Current SP
107 | 307 | 507 | 707 CSPNO number None |1to4 — RO — |C4.1
108 | 308 | 508 | 708 |RUN.STUS |Operating status | None |See Table B2.13. — RO — |C10.
109 | 309 | 509 | 709 |ALM.STUS |Alarm status None |See Table B2.14. — RO — |C8.
110 | 310 | 510 | 710 |ERR.STUS |Error status None |See Table B2.15. — RO — |C10.
0: AT normal exit
111 | 311 | 511 | 711 | AT.STUS |Auto-tuning status| None |1iAT executing — | rRo | = |c52
2: AT manually stopped
3: AT error exit
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B Operating Status

Table B2.13 Operating Status

RUN.STUS Symbol Description

514 3] 2] Mi10:9:8]7 6:5:4]3:2:1:0] |pos Y P
RUN/STP | 0: Stop. 1: Run

AUT/MAN | 0: Automatic, 1: Manual

CAS 1.Cascade

RMT/LOC | 0: Remote, 1: Local

EXPV/PV | 0: Normal, 1: External input |
EXOUT/OUT | 0: Normal, 1: External output |

o)
=

B.OUT

1. PVIN burnout
+OVER 1: PVIN +OVER
-OVER 1: PVIN -OVER
B.OUT 1: PV burnout
+OVER 1: PV +OVER
-OVER 1. PV-OVER

iR B oxoNo o iswn o

FUNC.ERR | 1. Error detected

B Alarm Status
Table B2.14  Alarm Status

ALM.STUS Bit _
G U B 2|A 09 8|7 61574312 170]| |pos| Symeo Description
—.0 ALM1 Alarm 1 aenerated
1 ALM2 Alarm 2 generated
2 ALM3 Alarm 3 generated
3 ALM4 Alarm 4 generated
4 ALMW1 Alarm 1 waiting
5 ALMW2 Alarm 2 waiting
6 ALMW3 Alarm 3 waiting
7 ALMW4 Alarm 4 waiting
8 —
g —
10 —
11 —
12 —
13 —
14 —
15 —
B Error Status
Table B2.15 Error Status
ERR.STUS Bit Description
5114138 121 109 8]7 .65 4[3211:0] |pos P

System data error

Calibration value error
Controller or I/0 parameter error
Operation parameter error

AD converter error

RJC error

EEPROM error

SRR BN oin|lwN - o
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B2.2.9 Operation Control Parameters

Use these parameters to control the operation of individual loops. They control the
switching of operation-related modes, including run/stop, automatic/manual/cascade and
auto-tuning, and set the Manual Output and other operation parameters.

Table B2.16  Operation Control Parameters

Data Position Number - . Default . See
Loop 1] Loop 2| Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute |Stored Also
121 | 321 | 521 | 721 |RUN/STP |Run/stop selection None |0: Stop, 1: Run 0 RW — |C741

Automatic/manual/ 0: Auto, 1: Manual C7.2
122 | 322 | 522 | 722 | AMIC | .o ade selection None |5 Cascade 0 RW ~ |cr4
323 723 INSEL |Input selection None |0: Input 1, 1: Input 2 0 RW — [C3.11
124 | 324 | 524 | 724 |RMT/LOC |Remote/local selection None |0: Local, 1: Remote 0 RW — |C7.3
125 | 325 | 525 | 725 |Expypy |EXternalnormalinput | 10 Normal input o | rRw | — |car2
selection 1: External input
126 | 326 | 526 | 726 EXOUT/ Extern_al/normal output None 0 Normal output 0 RW — lcos
OUT  |selection 1: External output
0: AT stop
127 | 327 | 527 727 AT Start Auto-tuning None |1-5: AT start (revertsto| 0 RW — |C5.2
0 when AT stops)
128 | 328 | 528 | 728 SPNO |SP number selection None [1to4 1 RW — |C41
i - 0,
131 | 331 | 531 | 731 | EXPV |Externalinput Industrial |-5.0t0 105.0% of (SL | ) | ry | _ |c312
unit to SH)
Reference junction Industrial |-100 to 700
132 | 332 | 532 | 732 | EXRIC temperature unit  [(-10.0 to 70.0°C) 0 RW — |C36
133 | 333 | 533 | 733 | RSP |Remote set point '”dL‘J‘rfitt”a' PRL to PRH PRL | RW | — |c42
OL to OH: One output
134 | 334 | 534 | 734 MOUT |Manual output % 0to OH: 0 RW — |C7.2
Heating/cooling output C7.4
135 | 335 | 535 | 735 | MOUTC |Manual cooling output % 0to OL 0 RW —
136 | 336 | 536 | 736 | EXOUT |External output % -5.0 to 105.0% 0 RW — |C2.6

*1: The controller mode must be set to Cascade Control before cascade selection can take effect. Set the operation control
parameters of the even-numbered loop in Cascade mode.

Z@ CAUTION

All operation parameters revert to their default values after power on. Hence,
always set their values again after power on.

Z@ CAUTION

You must observe some precautions when writing to the module. For details,
see Section B1.3, “Writing and Reading after Powering On.”
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B2.2.10

/O Parameters

The 1/0O parameters are classified into two categories: required and optional. The required
setup parameters must always be checked and set, and the optional setup parameters
may be set as required. All I/O parameters apply to individual loops.

The required setup parameters are input type selection and control type selection
parameters. They are the most basic loop setup elements.

The optional setup parameters include PV-related parameters for changing the input range
and selecting a burnout operation, as well as parameters that are used only in two-input
changeover mode.

B |/O Type Settings

These parameters are used to select input types (ranges) and output control types for
individual loops. These parameters are the most basic loop setup elements.

Table B2.17 1/O Parameters (1/3)
Data Position Number - . Default . See
Loop 1] Loop 2| Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
0: PID control
Control type 1 ON/QFF con_trol
141 341 541 741 oT selection None |2: Heating/cooling PID control 0 RW v |c21
3: Heating/cooling ON/OFF
control
1-31, 33-56
142 342 542 742 IN |Input type selection® | None |For details, see Table A4.1, "Input Type| RW v |C3.1
Selection."

*1  To select input type by software, you must set the input type selector switches to “set by software”, that is, “SW5=0 and

SW1-4=0OFF” (also see Section A4.1, "Selecting Input Types and Power Frequency").

B Input Range Settings

Use these parameters to set up the input of individual loops, as required, such as
changing the input range or selecting an appropriate burnout operation.

Table B2.17 1/O Parameters (2/3)

Data Position Number Symbol| Description Unit Data Range Default Attribute|Stored See
Loop 1|Loop 2|Loop 3|Loop 4 Value Also
143 | 343 | 543 | 743 | RH |IMPUtrange .
upper limit Industrial RW v
144 | 344 | 544 | 744 | RL |IMPutrange UNIt | see Table A4.1, “Input Type Selection”.
lower limit
145 | 345 | 545 | 745 | DEC.P [PECMAlPOINt | \00e RO | v
position
] -30000 to 30000; |Thermocouple RH
146 346 546 746 SH ﬁr:l;at“ng upper O0<SH-SL< input, RTD input RW v
30000. DC voltage input | 1000
Changeable only C33
None [for DC voltage _Therm;%UP'e RL
: input with a Input, Input
147 | 347 | 547 | 747 | sL |SC@ling lower maximum RW | v
limit ; .
resolution of 14  |DC voltage input 0
bits (16384).
. Oto4 Thermocouple
Scaling . : DEC.P
148 | 348 | 548 | 748 | SDP |decimal point | None |Ch'@ngeableonly jinput, RTD input RW | v
osition for DC voltage DC voltage input 1
P input ge inp
Reference 0: Fixed value
149 | 349 | 549 | 749 RJC |junction None |[1: ON 1 RW v |C3.6
compensation
0: OFF
Burnout 1: Up Scale
150 | 350 | 550 | 750 | BSL |selection None |2: Down Scale 1 RW v |C35
(Valid for Thermocouple input and
RTD input)
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B PV Range Settings

These parameters are only valid in Two-input Changeover mode, and are used for
defining the input range in Two-input Changeover mode. By default, the PV range follows
the input range of the even-numbered loop.

Table B2.17 1/O Parameters (3/3)

Data Position Number - . Default . See
mbol Description ni Data Ran Attri r
Loop 1] Loop 2| Loop 3] Loop 4 Symbo escriptio Unit ata Range Value | Att bute |Stored AlSo
- 30000 to 30000;
— |31 | — | 751 | PRH I'ipr}]/itra”ge tpper 0<(PRH - PRL) < SH | RW | v
30000.
industrial Changeable only for
unit even-numbered loops
— | 352 | — | 752 | pRL | PV rangelower in two-input | st | RW | v
limit changeover mode with
. . C3.4
a maximum resolution
of 14 bits (16384).
Oto4
. Changeable only for
— 353 — 753 PDP PV. range Qemmal None even-numbered loops SDP RW v
point position . )
in two-input
changeover mode

Z@ CAUTION

I/O parameters must be enabled before any written content can take effect. For details on
how to enable such parameters, see Section B2.3, “How to Enable Settings.”

[@ CAUTION

Changing an I/O parameter initializes operation parameters. Therefore, always set 1/O
parameters before setting operation parameters.

@ CAUTION

You must observe some precautions when writing to the module. For details, see Section
B1.3, “Writing and Reading after Powering On.”
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B2.2.11

Operation Parameters

There are two types of operation parameters: PID parameters and function settings.

The PID parameters include set point, proportional band, integral time, derivative time,
and alarm preset value parameters. The function settings include the two-input
changeover-related, SP-related, PV-related, operation-related, and alarm-related
function settings.

Unlike controller parameters and I/O parameters, operation parameters need not be
enabled before taking effect. The module checks the contents of the I/O data registers for
any change at input sampling intervals, and automatically enables any changes if the
new values are within valid data range. If new values are out of range, the module
discards them and restores the registers to their original values.

AWARI\HNG

You should disable the backup function if you expect parameters that are designated to
be automatically stored to be frequently updated. By default, the module automatically
stores the values of such parameters to the EEPROM each time they are updated. If
parameter values are frequently updated and the number of write executions exceeds
the maximum limit of 100,000, EEPROM may fail and subsequent storing is not
guaranteed. Therefore, in situations where stored parameters are frequently updated,
you should always disable the backup function using the NBKUP parameter.

[@ CAUTION

Changing a controller parameter or I/O parameter initializes operation parameters.
Therefore, always set controller parameters and 1/O parameters before operation
parameters.

[@ CAUTION

You must observe some precautions when writing to the module. For details, see Section
B1.3, “Writing and Reading after Powering On.”

B Two-input Changeover Function Settings

Use these parameters to perform setup as required when using Two-input Changeover
mode. They can be used for setting the changeover mode and changeover temperature.

Table B2.18 Two-input Changeover Function Settings

Loop[)lati:gsglofo'g:n;beLroop 1 Symbol | Description Unit Data Range [i/e;ﬁjlgt Attribute | Stored /32 i
Two-input None |0: Automatic changeover using
changeover temperature range
mode 1: Automatic changeover using
361 761 |SELMD two-input changeover upper 0 RW v
limit
2: Manual changeover using
input selection C3.11
Two-input Industrial |PRL to PRH if SELL < SELH. If
362 762 | SELH |[changeover unit SELL > SELH, changeover PRL+1 RW v
upper limit occurs with respect to SELH.
Two-input
363 763 | SELL [changeover PRL RW v
lower limit
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B SP-related Function Settings

Use these parameters to define set points for individual loops, as required. They can be
used for setting upper and lower input limits, rate-of-change, and tracking.

Table B2.19 SP-related Function Settings
Data Position Number - . Default . See
Loop 1] Loop 2| Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
164 364 564 764 SPH |Upper SP limit PRL to PRH if SPL < SPH PRH RW v
165 | 365 | 565 | 765 | SPL [Lowersplmit | "SR |ESPISTXedASPLISPLE ) by | gy | O43
166 366 566 766 | SPR.UP |SP up gradient Industrial 0 to (PRH-PRL) 0 RW 4
167 367 567 767 |SPR.DN |SP down gradient 0: SP gradient disabled 0 RW v |C44
168 368 568 768 | SPR.TM |Gradient time unit None |0: Hour, 1: Minute 0 RW v
169 | 369 | 569 | 769 | SPTR |SP trackingmode | None |O: 1racking enabled 1 RW v |cas
1: Tracking disabled

B PV-related Function Settings

Use these parameters to perform PV-related setup for individual loops, as required. They
can be used for configuring PV correction, square root extraction and input filtering.

Table B2.20 PV-related Function Settings
Data Position Number - . Default : See
Loop 1| Loop 2] Loop 3] Loop 4 Symbol Description Unit Data Range Value Attribute |Stored Also
171 371 571 771 BS |[Fixed bias Industrial |-(SH-SL) to (SH-SL) 0 RW v |C3.8
172 372 572 772 FL |Input filter Seconds |0: OFF, 1 to 120 seconds 0 RW v |C3.10
- 0, 0,
173 | 373 | 573 | 773 | X1 |Broken-ineinput1 | Industrial sSH(;/O 10 105.0% of (SL to sL RW | v
174 374 | 574 774 Y1 |Broken-line bias 1 Industrial |-(SH-SL) to (SH-SL) 0 RW v
Lo . |-5.0% to 105.0% of
- v
175 375 575 775 X2 |Broken-line input 2 | Industrial (SL to SH) SL RW ca.7
176 376 576 776 Y2 |Broken-line bias 2 Industrial |-(SH-SL) to (SH-SL) 0 RW v
L .1 [-5.0% to 105.0% of
- v
177 377 577 777 X3 |Broken-line input 3 | Industrial (SL to SH) SL RW
178 378 578 778 Y3 |[Broken-line bias 3 Industrial |-(SH-SL) to (SH-SL) 0 RW v
179 | 379 | 579 | 779 | sg |SQuareroot None |0: OFF; 1: ON 0 RW | v
extraction C3.9
. 1.0% of '
180 380 580 780 LC |Low cut Industrial |0.0 to 5.0% of (SH-SL)) (SH -SL) RW v

B Operation-related Function Settings

Use these parameters to configure control operation for individual loops, as required.
They can be used to set up dynamic auto-tuning, the “super” function, control mode, and

other control operation-related functions.

Table B2.21  Operation-related Function Settings
Data Position Number - . Default . See
Loop 1] Loop 2] Loop 3] Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
Dynamic i . v
181 | 381 | 581 | 781 | SELF alito-tuning enable None |0: Disabled, 1: Enabled 0 RwW C5.1
182 | 382 | 582 | 782 | sc Cf’)gger enable None |0: Disabled, 1: Enabled 0 RW | v |c6.7
. 0: Automatic, 500 to 2000:
0 ’ v
183 | 383 | 583 | 783 | ARW |ARW setting % (50.0 to 200.0%) 0 RW C6.8
184 | 384 | 584 | 784 | CcMD |Control mode None |2: Standard PID control o | rRW | v |c6s6
1: Fixed-point control
185 | 385 | 585 | 785 | ZONE |Zone PID selection| None |0: Disabled, 1: Enabled 0 RW v _|C6.9
186 | 386 | 586 | 786 | 1RP |Reference point1 |Industrial|PRL to PRH PRL RW v
187 | 387 | 587 | 787 | 2RP |Reference point2 |Industrial|PRL to PRH PRL RW v
P (PRH -
188 | 388 | 588 | 788 | RHY ﬁ"”e switching Industrial |0 to (PRH-PRL) PRLX | RW | v
ysteresis 0.5% C6.9.2
0 to (PRH-PRL)
189 | 389 | 589 | 789 | RDV gs\igﬁgﬁe Industrial |0: Reference deviation 0 RW 4

disabled
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B Output-related Function Settings

Use these parameters to configure control output for individual loops, as required. They
can be used for setting control output cycle time and rate-of-change limits.

Table B2.22  Output-related Function Settings
Data Position Number - . Default . See
Loop 1] Loop 2| Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
191 | 391 | 591 | 791 CT |Cycle time s |5t0 1200 300 RW v C242
192 | 392 | 592 | 792 | CTc |Cooling cycle time s (0.5t0 120.0 ) 300 RW v o
e . .| % per |0O: Disabled v
193 | 393 | 593 | 793 | MVR |Rate-of-change limit second |1 0 1000 (0.1 to 100.0%/s) 0 RW C2.4.2

B Alarm-related Function Settings

Use these parameters to set up the operation of the alarm functions for individual loops
as required. They can be used to set up the alarm type, hysteresis, and ON delay timer.

Table B2.23  Alarm-related Function Settings
Data Position Number - . Default ) See
Loop 1| Loop 2] Loop 3] Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
281 | 481 | 681 | 881 | AL1 |Alarm 1 type 0: OFF 1 RW v
282 | 482 | 682 | 882 | AL2 [Alarm 2 type 1: Upper limit 2 RW %
283 | 483 | 683 | 883 | AL3 |Alarm 3 type 2: Lower limit 1 RW v
3. Upper deviation
limit
4: Lower deviation
limit
7. Upper/lower
deviation limit
8: Deviation range
11: Upper limit with
None waiting gg;
12: Lower limit with )
284 | 484 | 684 | 884 | AL4 |Alarm 4 type waiting 2 RW v
13: Upper deviation
limit with waiting
14: Lower deviation
limit with waiting
17: Upper/lower
deviation limit with
waiting
18: Deviation range
with waiting
285 | 485 | 685 | 885 | HY1 |Alarm 1 hysteresis (PRH | RW v
286 | 486 | 686 | 886 | HY2 |Alarm 2 hysteresis Industrial -PRL)| RW v
287 | 487 | 687 | 887 | HY3 |Alarm 3 hysteresis unit |0 ©© (PRH-PRL) x [RW | v |81
288 | 488 | 688 | 888 | HY4 |Alarm 4 hysteresis 0.5% | RW v
289 | 489 | 689 | 889 | DLY1 |Alarm 1 ON delay RW v
290 | 490 | 690 | 890 | DLY2 |Alarm 2 ON delay RW v
201 | 491 | 691 | 891 | DLY3 |Alarm 3 ON delay Second 1010999 (010 999s) | 0y |83
292 | 492 | 692 | 892 | DLY4 |Alarm 4 ON delay RW 4

B PID Parameters

Use these parameters to configure PID control-related functions for individual loops.
They can be used for specifying set points, alarm preset values, proportional band,
integral time, and derivative time. Up to four parameter groups can be defined for each
loop.

[@ CAUTION

You need to execute a specific procedure every time to update stored set point values.
Otherwise, stored set points will not be updated so the parameters revert to their last
stored values whenever the module is turned off and then on again. For details, see
Section B2.4, "How to Back up SP Values to EEPROM."
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Table B2.24  PID Parameters (1/4)
Data Position Number - . : See
Toop 1] Loop 2] Loop 3] Loop 4 Symbol Description Unit Data Range Default Value Attribute | Stored Also
201 401 601 801 1.SP Set point Industrial |PRLto PRH PRL RW  |lrregular (Eéii
202 402 602 802 1A1 Alarm 1 preset value PRH RW v
203 403 603 803 1.A2 Alarm 2 preset value . PRL RW 4
204 | 404 | 604 | 804 | 1A3  [Alarm 3 presetvalue | "austfial |-30000 o 30000 PRH Rw | v |
205 405 605 805 1.A4 Alarm 4 preset value PRL RW v
206 406 606 806 1.PB Proportional band % 1109999 (0.1 to 999.9%) 50 RW v |C6.2
207 407 607 807 1Tl Integral time Second |0: OFF, 1 to 6000 (1 to 6000 s) 240 RW v |C6.3
208 408 608 808 11D Derivative time Second [0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v |C64
imi v
209 409 609 809 1.0H Upper output limit " 5.0 o 105.0% if OL < OH - (100()1?:geatin / RW o2
210 410 610 810 1.0L Lower output limit Fixed at OLif OL > OH ' C RW v o
cooling control)
211 411 611 811 1L.MR Manual reset value % -5.0t0 105.0% 500 RW v |C6.3
ON/OFF control '
212 412 612 812 1HYS hysteresis Industrial |0 to (PRH - PRL) (PRH - PRL) x 0.5% RW v [C24.1
0: Reverse
213 | 413 | 613 | 813 | 1pr |FoMad None |LFoward o 0 RW | v |cet
reverse switch (always 0 in heating/cooling
control)
214 414 614 814 1.GAIN.C |Cooling gain % 1t0 999 (1 to 999%) 100 RW v |C243
215 | 415 | 615 | 815 | LHYSC ﬁ;s‘;g?gsg“’ OFF control | dustrial |0 to (PRH - PRL) (PRH-PRL)X05% | RW | v [c244
PID control:
. |-10.0 to 10.0% of (PRH - PRL) , |c243
216 416 616 816 1.DB Dead band Industrial ONJOFF control: 0 RW Coas
-50.0 to 50.0% of (PRH - PRL)
217 417 617 817 1.POUT  |Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v c71
218 418 618 818 | 1.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v '
Irregular: You need to execute a specific procedure every time to update stored set point values.
Table B2.24  PID Parameters (2/4)
Data Position Number - . ) See
Loop 1] Loop 2| Loop 3] Loop 4 Symbol Description Unit Data Range Default Value Attribute | Stored Also
221 421 621 821 2.SP Set point Industrial |PRLto PRH PRL RW  |lrregular Eii
222 422 622 822 2.A1 Alarm 1 preset value PRH RW v
223 423 623 823 2.A2 Alarm 2 preset value . PRL RW v
24 | 424 | 624 | 824 2.3 |Alam 3 presetvalue | "mdustral |-30000 t0 30000 PRH RW v |8
225 425 625 825 2.A4 Alarm 4 preset value PRL RW 4
226 426 626 826 2.PB Proportional band % 1109999 (0.1 to 999.9%) 50 RW v |C6.2
227 427 627 827 2.7l Integral time Second |0: OFF, 1 to 6000 (1 to 6000 s) 240 RW v |C6.3
228 428 628 828 21D Derivative time second |0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v |C64
— 7
229 429 629 829 2.0H Upper output limit " 5.0 10 105.0% if OL < OH - (10001?r?geating/ RW 242
- . . v 4.
230 430 630 830 2.0L Lower output limit Fixed at OL if OL> OH cooling control) RW
231 431 631 831 2.MR Manual reset value % -5.0 t0 105.0% 500 RW v |C6.3
232 | 432 | 632 | 832 | 2HYS hoy':’tgr'zzig’“"o' Industrial |0 to (PRH - PRL) (PRH-PRL)X05% | RW | v |c24.1
0: Reverse
233 | 433 | 633 | 833 | 2pr |Fomad None |LFomard 0 RW | v [ce1
reverse switch (Always 0 in heating/cooling
control)
234 434 634 834 | 2.GAIN.C |Cooling gain % 110999 (1 to 999%) 100 RW v _|C243
235 | 435 | 635 | 835 | 2HYSC ﬁ;;g?gsgN/OFF contol | dustrial |0 to (PRH - PRL) (PRH-PRL)X05% | RW | v [C244
PID control:
.+ |-10.0 to 10.0% of (PRH - PRL) , |C243
236 436 636 836 2.DB Dead band Industrial ONJOEF control: 0 RW Coaa
-50.0 to 50.0% of (PRH - PRL)
237 437 637 837 2.POUT _ |Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v _|C7.1
238 438 638 838 | 2.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v

Irregular: You need to execute a specific procedure every time to update stored set point values.
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Table B2.24  PID Parameters (3/4)
Data Position Number - . : See
Loop 1] Loop 2| Loop 3] Loop 4 Symbol Description Unit Data Range Default Value Attribute | Stored AlSo
241 441 641 841 3.SP Set point Industrial [PRL to PRH PRL RW  |lIrregular gii
242 442 642 842 3.A1 Alarm 1 preset value PRH RW v
243 443 643 843 3.A2 Alarm 2 preset value ) PRL RW v
244 | 444 | 644 | 844 3.A3_|Alarm 3 presetvalue | "austfal |-30000 to 30000 PRH RW v |8
245 445 645 845 3.A4 Alarm 4 preset value PRL RW v
246 446 646 846 3.PB Proportional band % 1109999 (0.1 to 999.9%) 50 RW v |C6.2
247 447 647 847 3Tl Integral time Second |0: OFF, 1 to 6000 (1 to 6000 s) 240 RW v |C6.3
248 448 648 848 3.1D Derivative time Second |0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v |C64
imi v
249 449 649 849 3.0H Upper output limit " 5.0 10 105.0% if OL < OH 5 (10001?r?(r)leating/ RW o2
- . . v 4.
250 450 650 850 3.0L Lower output limit Fixed at OL if OL > OH cooling control) RW
251 451 651 851 3.MR Manual reset value % -5.0 t0 105.0% 500 RW v |C6.3
252 | 452 | 652 | 852 | 3HYS hoy':’tgr';’;g(’“"o' Industrial |0 to (PRH - PRL) (PRH-PRL)x0.5% | RW v |c241
Forward/ 0: Reverse, 1: Forward
253 453 653 853 3.DR . None |(Fixed at 0 in heating/cooling 0 RW v |C6.1
reverse switch control)
254 454 654 854 3.GAIN.C |Cooling gain % 110999 (1 to 999%) 100 RW v |C243
255 | 455 | 655 | 855 | 3.HYS.C ﬁ;;grr‘gsgw OFF control | 4 strial [0 to (PRH - PRL) (PRH-PRL)x0.5% | RwW v |c244
PID control:
. |-10.0t0 10.0% of (PRH - PRL) , |c243
256 456 656 856 3.DB Dead band Industrial ONJOEF control 0 RW Coaa
-50.0 to 50.0% of (PRH - PRL)
257 457 657 857 3.POUT  |Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v _|C71
258 458 658 858 | 3.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v
Irregular: You need to execute a specific procedure every time to update stored set point values.
Table B2.24  PID Parameters (4/4)
Data Position Number - . . See
Toopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Default Value Attribute | Stored Also
261 461 661 861 4.SP Set point Industrial PRL to PRH PRL RW  |lrregular gii
262 462 662 862 4.A1 Alarm 1 preset value PRH RW v
263 463 663 863 4.A2 Alarm 2 preset value ) PRL RW v
264 | 464 | 664 | 864 4A3 |Alarm 3 presetvalue | "Mdustrial |-30000 to 30000 PRH RW v |8
265 465 665 865 4.A4 Alarm 4 preset value PRL RW v
266 466 666 866 4.PB Proportional band % 1109999 (0.1 to 999.9%) 50 RW v |C6.2
267 467 667 867 4.T1 Integral time Second |0: OFF, 1 to 6000 (1 to 6000 s) 240 RW v |C6.3
268 468 668 868 41D Derivative time Second |0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v |C64
imi v
269 469 669 869 4.0H Upper output limit " 5.0 10 105.0% if OL < OH 5 (100()1?:geatmg/ RW o2
- . . v 4.
270 470 670 870 4.0L Lower output limit Fixed at OL if OL > OH cooling control) RW
271 471 671 871 4MR Manual reset value % -5.0 t0 105.0% 500 RW v |C6.3
272 | 472 | 672 | 872 | 4HYS hoy':’tgr';’;g(’“"o' Industrial |0 to (PRH - PRL) (PRH-PRL)X05% | RW | v |c241
Forward/ 0: Reverse, 1. Forward
273 473 673 873 4.DR . None |(Always 0 in heating/cooling 0 RW v |C6.1
reverse switch control)
274 474 674 874 4.GAIN.C |Cooling gain % 110999 (1 to 999%) 100 RW v |C243
215 | 475 | 675 | 875 | 4HYSC ﬁ;;grr‘gsgw OFF control | | qustrial |0 to (PRH - PRL) (PRH-PRL)X05% | RW | v [c244
PID control:
. |-10.0 to 10.0% of (PRH - PRL) v C24.3
276 476 676 876 4DB Dead band Industrial ONJOEF control 0 RW Coaa
-50.0 to 50.0% of (PRH - PRL)
277 477 677 877 4.POUT _ |Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v _|C7.1
278 478 678 878 | 4.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v

Irregular: You need to execute a specific procedure every time to update stored set point values.

TIP

How switching of a PID parameter group is carried out depends on the PID selection method. Normally, it
is controlled by the SP Number Selection (SPNO) operation control parameter. In Zone PID mode, the
proportional band, integral time and other PID control-related parameters are switched according to the
zone PID setting. For details on the Zone PID mode, see Section C6.9, "PID Selection Method (SP
Number Selection, Zone PID Selection).”
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B2.3 How to Enable Settings

Parameters described in Section B2.2.7, “controller Parameters,” and Section B2.2.10,
“I/O Parameters,” must be enabled before their settings can take effect. This section
describes how to enable various settings and check for successful completion.

Table B2.25 lists the input relays and Table B2.26 lists the I/O data registers that are used
for enabling controller parameters and I/O parameters.

Write '1: Enable setup instruction operand’' to SETUP. Next, write the required parameter
values and then enable them by writing the appropriate setup instruction operand value
to OPE. If the parameters fail to be enabled, a non-zero value is returned in STUS,
indicating an error. Correct the error and retry. After confirming that there is no error, end
the procedure by setting SETUP to '0: Disable setup instruction operand'.

Table B2.25 Relays for Enabling Settings

Input Relay Number -
XO100Cnn Symbol Description Data Range Interrupt
X08 CMDRDY Command processing 0: Processing, 1: Processing completed
completed
X16 MDLRDY |Module startup completed |O: Processing, 1: Processing completed 4
X24 SETUP.R |Setup mode 0: Normal state, 1: Setup mode v
*1 000 denotes the slot number where the module is installed.
Table B2.26  Data Registers for Enabling Settings
Data Position Number - Default . See
Loop 1]Loop 2[Loop 3] Loop 4 Symbol Description Data Range Value Attribute | Stored Also
0: Disable setup instruction
operand . .
1 SETUP | Setup 1: Enable setup instruction 0 RW
operand
Setup .
72 OPE |Instruction 1,2 4,8, 16: See Table 0 RW — —
B2.27 for details.
Operand
0: No error;
Setup Data position number of error
73 STUS |Instruction register 0 RO — —
Response -32767: Invalid operation
(SETUP = 0)
Table B2.27  Setup Instruction Operand (OPE) Values
Preset - .
Value Description Explanation
1 Initialize all parameters Reverts all parameters to their factory settings.
Enables the controller parameters, which are the most basic setup elements.
2 Enable controller parameters | The module initializes I/O parameters and operation parameters based on the
controller parameter values.
Enables the 1/0 Type Selection parameter, which defines the input type and control
. output type.
4 Enable I/O type settings The module initializes input range settings, PV range settings and Operation
parameters based on the input type selection parameter value.
Enables the input range settings, which sets up the PV as required.
8 Enable input range settings The module initializes PV range settings and operation parameters based on these
settings.
Enables the PV range settings, which are required only in Two-input Changeover
16 Enable PV range settings mode.
The module initializes operation parameters based on these settings.

*1  Input type and power frequency selection defined by the hardware switches have precedence over software settings.

Z@ CAUTION

Writing to the Setup Instruction Operand (OPE) register a value, which is not listed in
Table B2.27, “Setup Instruction Operand (OPE) Values,” has no effect on module
operation. When the setup operation completes, the Setup Instruction Operand (OPE)
register resets to 0.
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Z@ CAUTION

The OPE register functions only when the module is in Setup mode. Accessing the OPE
register before transiting to Setup mode generates an error, and returns an error value of
—32767 in the STUS register.

Z@ CAUTION

Always finishing enabling all required settings, always set SETUP to '0: Disable setup
instruction operand'. With SETUP set to '1: Enable setup instruction operand', no I/O
refreshing or control computation can be executed.
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B State Transition

The operating states of the module can be classified into 3 types. For details on how to
transit to a new state and check for successful transition, as well as details on the content
of registers and relays in each state, see Table B.2.28, “Content of Registers and Relays
in Each Operating State”.

Exit from Setup
Set SETUP register to 0

| Setup
mode

Power ON

Startup
completes

Setup instruction

Normal Set SETUP register to 1

operation

Figure B2.2 Operating State Transition Diagram

® Power on

When power is turned on, the module enters startup state.

® Startup completes (Transition from Startup state to normal operation)

When startup completes, the module enters Normal Operation state. The MDLRDY relay
automatically turns on, to indicate that the module has entered Normal Operation state.
Normal Operation State begins in Stop mode and Automatic mode.

® Setup instruction (Transition from normal operation to Setup mode)

Writing a value of 1 to the Setup register initiates a transition to Setup mode. When the
transition completes, the SETUP.R relay turns on to indicate that the module has entered
Setup mode.

® Exit from Setup (Transition from Setup mode to Startup state)

Writing a value of 0 to the Setup register initiates an exit from Setup mode. When the exit
completes, the Setup.R relay resets, and the module transits to Startup state. The
MDLRDY relay resets to indicate that the module is in Startup state.

Table B2.28 Content of Registers and Relays in Each Operating State

MDLRDY SETUPR Read Write Operation Control
Relay Relay Operation Operation Process Data Parameters
Startup State 0 0 X X Undefined Undefined
Normal
- 1 0 v v Normal vales Normal values
Operation
Setup Mode 1 1 v v Default values Default values

x : Data is invalid in this state.
v': Data is valid in this state.
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B Procedure for Enabling Controller and 1/0O Parameter Values

Figure B2.3 illustrates the procedure for enabling controller parameter and I/O parameter
values. Two I/O data registers, namely, SETUP and OPE, are used to enable settings,
whilst three relays (SETUP.R, CMDRDY, MDLRDY) and one input data register (STUS)
are used to check for successful execution.

M @ & @ ®) ©)

SETUP register (data 0 1 0
position number = 71)
SETUP.R relay
(XOOmO24)

OPE register (data 0000 0002 0000
position number = 72)

0002 processing

STUS register (data
position number = 73)
CMDRDY relay

(XOODOo08)
MDLRDY relay
(XOoOao1e) a: 0-100 ms (typically 50 ms)

o o B »| B: depends on setup instruction > Y
¥: approx. 1000 ms

1 If SETUP is set to 1 during an operation parameter change, SETUP.R may take a longer time to turn on.

XXXX 0000

Figure B2.3 Procedure for Enabling Controller Parameters and I/O Parameters

(1) Write a value of 1 to the SETUP register to transit to Setup mode and enable the OPE
register. To confirm that the module is now in Setup mode, check that the SETUP.R
relay has turned on. In Setup mode, the module suspends refreshing of data registers
and the control output value is “0%".

(2) Write the new parameter value.

(3) Write to the OPE register an appropriate OPE value to initiate the process for
enabling the new parameter value.

(4) The module resets the CMDRDY relay as the setup process begins. It then resets the
OPE register to 0, initializes the related parameters, writes the exit status to the STUS
register, and finally turns on the CMDRDY relay upon setup completion. Therefore, to
confirm setup completion, check that CMDRDY has turned on.

(5) Read the STUS register to determine if setup is successful. During setup, the module
performs range checks on all registers within the range to be enabled, in ascending
order of their data position numbers. If it finds an out-of-range register value, it
restores the original register value and returns the data position number of the
register in the STUS register. Note that only the first error register number is returned,
although range check is performed over all registers within the range to be enabled.
You may repeat steps 2 to 5 to enable other settings as required.

(6) Finally, write a value of 0 to the SETUP register to exit from Setup mode. The module
initializes the operation parameters according to the new settings. The same
precautions about module startup apply to this initialization. For details, see Section
B1.3, “Writing and Reading after Powering On”.
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Z@ CAUTION

The STUS register is a read-only register, which is updated after execution of each setup
instruction. When executing a sequence of setup instructions, check the STUS register
after each execution to determine if setup is successful.

Z@ CAUTION

If a sequence program has a long execution cycle, a rising edge in the CMDRDY relay
may fail to be detected. In such situations, confirm completion of setup by checking that
the OPE register is reset to 0.

[@ CAUTION

Always confirm that transition to Setup mode has been completed before writing to the
OPE register. If data is written to the OPE register before transition has completed, the
setup process will not start.

[@ CAUTION

Always write new parameter values before executing the corresponding setup instruction
to enable the parameter values. Otherwise, the written values will be ignored.

B Sample Program for Setting Controller and 1/0O parameters

The sample program shown below writes a list of controller and 1/O parameters
sequentially on the rising edge of /I00001. It disables the backup function as it sets up the
parameters each time the sequence program runs. The controller and I/O parameters set
up by the sample program include power frequency selection, input type, input range,
and scale parameters. You may modify the sample program to set up other controller and
I/O parameters to suit your application.

After returning from Setup mode, the sample program sets up operation parameters. You
may modify the program to set up other operation parameters as required. As operation
parameters are automatically initialized whenever input range and other 1/O parameters
or controller parameters are modified, you must set them again if /O or controller
parameters are modified. No special procedure is required to enable operation
parameter values, which take effect once written.
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This sample program writes the following parameter values sequentially, and then
enables these values.

- Controller parameters:
Power frequency selection =60 Hz

- |/O parameters:
input type selection for loopl = Type K -200 to 1000°C (I/O type settings)
input type selection for loop2 = Type K -200 to 500°C (I/O type settings)
input type selection for loop3 = DC voltage 1-5 V (I/O type settings)
input type selection for loop4 = DC voltage 0-5 V (I/O type settings)

RL and RH for loopl = 0°C for RL, 1000°C for RH (input range settings)
RL and RH for loop2 = 0°C for RL, 500°C for RH (input range settings)
RL and RH for loop4 =0V for RL, 2 V for RH (input range settings)

SL and SH for loop3 = 0 for SL, 20000 for SH (input range settings)

SL and SH for loop4 = 0 for SL, 10000 for SH (input range settings)

- Operation parameters:
PID parameter for loops 1-4 = file register values

For the I/O parameters, the sample program first sets up the I/O types and then the input

ranges.
00001 |Setting controller, If0 and operation parameters at program start
00002 |Dizable backup function as parameters are set at each execution
00003 }03?515 T WAITE | 7T B 75 T |Disable backup function
MOLRDY
00004 MDIDDSE SET 0007 |Execute Setup
1 Scan ON Execute
at Program Setup
Start
00005 |Enter setup mode
I
00004 _{JDIUUU'I rﬂ?mﬁ [ WAITE | il BT il TISETUP=1; ->Setup mode
Execute MOLRDY
Setup
oono? XDIU524 SET o0z |In Setup mode, exe OPE=2
SETUPR Execute
OPE=2

Figure B2.4 Sample Program for Setting Controller and I/O Parameters (1/6)
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0on0a
oonong

oomo

oom1

oomz2

003

oo 4

0oms

0ome

‘Write controller parameters; enable controller param. (OPE=2); read STUS
4100002 I
I [TWRITE 1 il 5] il T |FREQ=60Hz
Execute
OPE=2
I
| WRITE__| 7] 5] 72 1|OFE=2 Enable ctrl param.
[READ T 5] 721 /D0000Z | T|Check OPE clear
OPE
}G]IDSDS SET oo0s  |OPE=2 initiated
CMDRDY OPE=2
Thitiated
\[7omomnz = 0 RST o0z |Clear ‘Exec OFE=Z
OPE Execute
OPE=2
4100003 00808 I
i I [TREAD T B 73] _/oo00oT | 1 |Read STUS
OPE=2 CMDRDY STUS
Thitiated
DooooT | = i SET oong | OPE=2 OK
5TUS OPE=2
Execution
oK
FaT o005 |Clear 'OPE=2 initiated
OPE=2
Thitiated
Figure B2.4 Sample Program for Setting Controller and 1/0 Parameters (2/6)
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oom?
ooma

oome

0anz2o

oonz1

oonz2z2

00023

00024

00025

00026

oon27

0on2a

Write IO Type: enable IO type settings (OPE=4). read STUS
T
,-"]DIDDD4 I WRITE Al B 147 | T]IM1: Typek -200 to 1000
OPE=Z
Execution
(o]4
T
| WRITE 7] B ErEd| TIM.2: Typek -200 to 500G
T
[WRITE 0] B 547 ] T[N DOV 1-54
T
[TWRITE @] E] A7 ] N4 0-5Y
T .
| WRITE q] B T2 T|OFE=4 Enable I/ setting
[ READ B 72 _/D0000Z ] T |Check OPE clear
QOPE
XUIDEDB SET o005 |CPE=4 initiated
CGMDRDY OPE=4
Thitiated
\7oooomz = 0 RST o004 __|Clear 'OFE=2 OK'
QOPE OPE=2
Execution
QK
/100005 #0502 T
| 1L [ READ B 73] /000001 ] T |Fead STUS
(OPE=4 CMDRDY ETUS
Thitiated
DOoooT | = i SET ooog | OPE=4 OK
STUS OPE=4
Execution
QK
FaT 0005 |Clear 'OPE=4 initiated
OPE=4
Thitiated
Figure B2.4 Sample Program for Setting Controller and 1/0 Parameters (3/6)

IM 34M06H62-02E

2nd Edition : June 2008-00



B2-28

oon2ge
0on30

00031

oon3z2

00033

00034

00035

00036

0on37

0o0n3s

0003

00040

00041

oon4z2

00043

‘Write input ranee; enable input range settings (OPE=8); read STUS
mIDDDS | WRITE 70000 | 5] 143 | T|RH1=10000 Celzius
(OPE=4
Execution
ol
)T\ .
| WRITE 0] 5] T4 | T|RL1=00 Celzius
)T\ .
| WRITE | 5] 343 | T|RH.2=5000 Celsius
)T\ .
| WRITE 0] 5] 34 | T|RL2=00 Celzius
I
| WRITE 2000 | 5] 743 | T|RHA4=2000%
I
| WRITE 0] B T4 T |RL4=0.0000
I
[ WRITE 10000 | 5] 46 | T]5H.3=10000
I
[TWRITE i}l 5] 547 | T]5L3=0
I
| WRITE 20000 | 5] 746 | T]5H.4=20000
I
[TWRITE i}l 5] 747 | T]5L3=0
)T\ .
| WRITE | 51 72 ] T]OPE=8 Enable input range
[ READ 5] 72000002 | T |Check OPE clear
OFPE
}@?508 SET o007 |CPE=S initiated
CMDRDY OPE=S
Initiated
|[/D0000Z | = i FET mongs_|olear 'OPE=4 OF
OFPE OPE=4
Execution
o] 4
Figure B2.4 Sample Program for Setting Controller and I/O Parameters (4/6)
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00044

00045

00046

00047
00043

00049

00os0

00051

00052

00053

4100007 00808 I
I I [TREAD T E] T3] /00000 ] T|Read STUS
(OPE=8 CMDRDY STUS
Initiated
DOoooT | = i SET oooE | OPE=8 OK
5TUS OPE=8
Execution
oK
FaT ooy |Clear 'OPE=S OK'
OPE=8
Thitiated
Exit from Setup Mode
,-"]DIDDDS [ WRITE | 0] B Fill T|SETUP=0: Exit zetup mode
OPE=8
Execution
OF
XDID524 SET 0o0g  |oetup—»Startup state
SETUP.R Exit Setup
Mode
RST 0001
Execute
Setup
RST 000g
OPE=8
Execution
oK
4100009 HO0B16
| 1L RST 0003
Exit Setup  MDLRDY Exit Setup
Mode Mode
SET 0010
Wi ite
operation
parameters
Figure B2.4 Sample Program for Setting Controller and 1/0 Parameters (5/6)
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00054
00055

00056

0o0a7

00053

00059

0ons0

00061

oongz2

00063

Figure B2.4

After return, write operation parameters stored in file registers
4100010 A
1 WMoV ] B9 [ w0001
i ite:
operation
parameters
I 001
[ WRITE [ BET0001 ] [ 2017 18
I
[ MOV ] 197 [ /00007
I 001
[ WRITE [ BET0001 ] 5 407 | 18
I
[ MOV ] 325 [ /00007
I 001
[ WRITE [ BET0001 ] 5 607 | 18
I
[ MOV ] 453 [ /00007
I 001
[ WRITE [ EBT0001 ] 5] | 18
RST 0010
i ite
operation
parameters

Sample Program for Setting Controller and I/O Parameters (6/6)
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B2.4

How to Back up SP Values to EEPROM

The SP backup function is provided for writing SP values to the EEPROM so that these
parameter values are retained even after power off and on. In situations where you want
to predefine SP values so that they are valid right after power on, back up the values to
the EEPROM using the procedure given below. The SP backup function, when executed,
writes all SP values of all loops (1.SP.1 to 4.SP.4) to the EEPROM. Unless you perform
this procedure, SP values are not stored, and revert to their last stored values after power
off and on. However, beware that SP backup will not be executed if the parameter
backup function is disabled using the NBKUP parameter.

TIP

Updated SP values take effect immediately regardless of whether they are backed up to EEPROM.
There is no need to execute the SP backup function if SP values need not be retained.

Table B2.29 1/O Parameters Related to SP Backup

Data Position Number - . Default|,., .
Loop 1 | Loop 2 | Loop 3 | Loop 4 Symbol Description Unit Data Range Value Attribute|  Stored
. . 0: No write
74 SPWR |Write set point to EEPROM None “WR”: Write 0 RW —
75 NBKUP |[Disable backup function None 0 Backup 0 RW —
1: No backup
77 and 78 (long word) EEP.CNTR |EEPROM write counter Times |1 to 100,000 — RO —
201 401 601 801 1.SP Set point Industrial |PRL to PRH PRL RW Irregular
221 421 621 821 2.SP  |Set point Industrial |PRL to PRH PRL RW Irregular
241 441 641 841 3.SP |Set point Industrial |PRL to PRH PRL RW Irregular
261 461 661 861 4.SP Set point Industrial |PRL to PRH PRL RW Irregular
Table B2.30 Input Relays Related to SP Backup
Input Relay Number XOOOnn't -
P y Symbol Description Data Range Interrupt
Loop 1 [ Loop 2 [ Loop 3 | Loop 4
. 0: Write in progress or not started;
32 SPWR.R |Write SP to EEPROM Completed T v
1: Write completed

*1: OO0 denotes the slot number where the module is installed.

1@; CAUTION

The SP backup function cannot be executed as long as the module is put into Setup
mode for the purpose of enabling controller and I/O parameter settings. After ensuring
that controller and /O parameter settings are enabled, set up the required SP
parameters and then perform SP backup.

Z@ CAUTION

The SP backup function is available only with the F3CU04-1S and F3CU04-0S modules
of firmware revision 6 or higher. It is not available with F3CU04-1N or F3CUO04-0ON. You
can determine the revision of a module’s firmware from the REV value indicated on the
nameplate located on the side of the module, or from the value of the REV register (data
position number 90). As an example, “REV 06:05” on the nameplate denotes firmware
revision 6 and hardware revision 5.
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B Procedure for Writing SP Values to EEPROM

After writing the required SP values, write “WR” or hexadecimal string “$5752” to the
SPWR register to initiate backup of the SP values to the EEPROM. You can write the SP
values and perform SP backup even within the same scan. After backup is completed,
the module turns on the SPWR.R relay. Writing “WR” or hexadecimal string “$5752” to
the SPWR register executes SP backup only once. To repeat SP backup, you need to
first write a value of O to the SPWR register, and after confirming that the SPWR.R relay
is reset, again write “WR” or hexadecimal string “$5752" to the SPWR register.

Write SP values
(SP: data position number 201, ---)

Write Set Point to EEPROM register
(SPWR: data position number 74) 0 "WR” 0

Write SP to EEPROM Completed relay 0 (v 1 0
(SPWR.R: input relay X&) ¢ 32)

Write SP to EEPROM process Ready towrite | writing | Waiting for completion Ready to write

Figure B2.5 Procedure for Writing SP Values to EEPROM

@l CAUTION

The SP backup function is available only with the F3CU04-1S and F3CU04-0S modules
of firmware revision 6 or higher. It is not available with F3CU04-1N and F3CU04-0N. You
can determine the revision of a module’s firmware from the REV value indicated on the
nameplate located on the side of the module, or from the value of the REV register (data
position number 90). As an example, “REV 06:05” on the nameplate denotes firmware
revision 6 and hardware revision 5.

Z@ CAUTION

If you write a “WR” value to the SPWR register on a module such as F3CUO04-1N or
F3CUO04-0N, which does not support the SP backup function, the module does nothing
and the SPWR.R (XOOMO32) relay remain as 0. This will not, however, adversely affect
module operation.
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B SP Backup Sample Program

This sample program writes an SP value (stored in D00101) when relay 100101 turns on,
and when relay 100102 turns on, it rewrites the SP value and, at the same time, backs up

00001
0onoz2

00003
00004

00005

00006

oono?

0000s

oonong

oomo

B2.5

all SP values

to the EEPROM.

‘Write set point with no backup
00101 T .
| [TWRITE T Domiol ] 5] 707 [ T [Wkite SP value
rite SP
‘Write set point with backup
]DDI1 ne SET To0s _ |Execute SP backup
SP backup Execute SP
backup
00103 1007104 T .
I |- [TWRITE [ Domiot | 5] il T [Wirite SP value
Execute SP |SP backup in
backup progress
I P
[ WRITE | R [ 5 74 T[S PWR-"WH
SET T4 |5F Backup in prog.<-0ON
5P backup in
progress
Wona3z2 I
f [TWRITE__] il 5] 7] TISPWRS-0
Wite SP to
EEFROM
Completed
FaT Toios _ |Peset "Exec. SP backup”
Execute SP
backup
]DD|1 b4 %G]IDSSZ IIDDI‘I o RET Toind  |OFF after SP back compl.
SP backup in Write SP to  Execute 5P 5P backup in
progress EEPRCIM backup progress
Completed
Figure B2.6  Sample Program for Writing SP Values to EEPROM

Initializing All Settings

To initialize all settings, use the procedure described in B2.3, “How to Enable Settings,”
with the Setup Instruction Operand (OPE) register set to Initialize All Settings.
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B3. Setup and Operation

The module is provided with multiple built-in controller functions to support
various forms of operations. Before you can use the module, you must select and
configure the controller functions. This chapter describes the basic workflow from
setup to operation.

For details on individual functions, see Part C, “Function Description”.
For details on module access, use Chapter B1, “Accessing the Module.”

( Setup by Software )

‘ Controller Function Selection ‘ B3.1 Setting Controller Parameters

‘ /0 Selectio|n and Setup ‘ B3.2 Setting I/O Parameters

‘ Operation-r(|e|ated Setup ‘ B3.3 Setting Operation Parameters
( Oper|ation ) B3.4 Operation

Figure B3.1 Procedure from Setup to Operation

Figure B3.1 shows the procedure flow from setup to operation. Updating a
parameter may inadvertently affect (initialize) other parameters, and thus it is
important that you perform setup in the sequence described above.

Section B3.1, “Setting Controller Parameters” describes how to combine loops to
match a specific usage and perform other module-wide setup. Section B3.2,
“Setting 1/0 Parameters” describes how to set up basic I/0O-related elements, such
as input type selection and input range for individual loops. Section B3.3, “ Setting
Operation Parameters” describes the operation-related parameters, as well as how
to start the auto-tuning function (when dynamic auto-tuning is not selected).
Lastly, Section B3.4, “Operation” describes operation-related procedures.
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B3.1

Setting Controller Parameters

Controller parameters are used for performing module-wide setup to suit the operating
environment and mode of use. They define the most basic operations of the module.

The setup elements are described in Sections B3.1.1, “Power Frequency Selection”,
B3.1.2, “Input Sampling Period,” B3.1.3, “Controller Mode” and B3.1.4, “Setting Output
Terminals.” You should set these parameters to match the operating and usage
environment. The controller parameters must be enabled before any written content can
take effect. For details on how to enable parameter settings, see Section B2.3, “How to
Enable Settings.”

ﬁ CAUTION

Changing a controller parameter initializes the parameters of the module. Always set
controller parameters before other parameters.

B3.1.1 Power Frequency Selection
Use this parameter to select a power frequency that matches the power supply
environment.
Table B3.1 Power Frequency Selection
Loop[ﬁtLaoF;J%SiZtﬁ_:)g;n;TE:)op 7 Symbol Description Unit Data Range D\;a;‘ﬁju;t Attribute | Stored | See Also
81 FREQ |POWer frequency None | 0: 50Hz, 1: 60Hz 0 RW? | v | c32

selection ™

*1  The power frequency can also be selected using a hardware switch. For details on how to do so, see Section A4.1,
“Selecting Input Types and Power Frequency”. If the power frequency is set using the hardware switch, the setting
cannot be changed by software.

Selecting an appropriate power frequency reduces interference of common mode noise
from the power supply on input signals.

B3.1.2 Input Sampling Period
This parameter sets the input sampling period. Beware that a short sampling period
restricts the number of available loops.
Table B3.2 Input Sampling Period
Data Position Number i . Default -
Loop 1] Loop 2] Loop 3] Loop 4 Symbol Description Unit Data Range Value Attribute | Stored | See Also
82 SMP | Input Sampling period *| None | 0: 100 ms, 1: 200 ms 1 RW v —

*1  This setting restricts the number of available loops. A value of 100ms allows up to 2 loops to be used, whilst a value of
200ms allows up to 4 loops to be used. Table B3.3 lists the usable loops for different preset values.

Table B3.3 Mapping between Input Sampling Period and Usable Loops

*1
Input Sampling Period F\,/raelzit 1 Uzable Loop; ) Remarks
100 ms 0 v v . . The_ output function of each loop is always
available, even for loops 3 and 4.
200 ms 1 v v v v Default Value
*1 ‘v’ : usable; ‘— ‘: not usable.
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B3.1.3 Controller Mode

The controller mode parameters configure how loops are combined. The module
supports the single loop, two-input changeover, and cascade control modes. In the
two-input changeover or cascade control mode, two loops are combined and used as
one.

B Single Loop Mode

-~

PV

SP

~

B Two-input Changeover Mode

-~

-

PV1 PV2

~

B Cascade Control Mode

-~

-

PV1 PV2

OouUT?2

~

/

This is the standard mode of use.

In this mode, each loop operates independently, and is
configured separately. The description from Section B3.2,
“Setting /0 Parameters,” to Section B3.4, “Operation,”
assumes the use of the single loop mode.

This mode uses two loops and switches between the two
inputs.

In this mode, setup and operation act on a pair of loops
(loops 1 and 2, or loops 3 and 4). Only the parameters of
loop 2 and 4 are used in control operation. The description
from Section B3.2, “Setting I/O Parameters,” to Section
B3.4, “Operation,” assumes the use of the single loop
mode. For details on setup and operation unique to the
two-input changeover mode, see Section C1.3, “Two-input
Changeover Control."

This mode uses two loops connected in series, with one
serving as the primary loop and the other as the
secondary loop.

In this mode, setup and operation act on a pair of loops
(loops 1 and 2, or loops 3 and 4). Only the parameters of
loop 2 or 4 are used in control operation. The description
from Section B3.2, “Setting I/O Parameters,” to Section
B3.4, “Operation,” assumes the use of the single loop
mode. For details on setup and operation unique to the
cascade control mode, see Section Cl1.2, “Cascade
Control."
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The controller mode is configured for a pair of loops. Register MD12 corresponds to
loops 1 and 2, whilst MD34 corresponds to loops 3 and 4. Table B3.5 shows the mapping
between controller mode preset values and loops.

Table B3.4  Controller Mode
Data Position Number Symbol | Description Unit Data Range Default Attribute | Stored See
Loop 1 [ Loop 2 [Loop 3] Loop 4 Value Also
83 MD12 | controller None 0 to 4: See Table B3.5 for 0 RW v c1
84 MD34 mode details. 0 RW v
Table B3.5 Controller Mode and Loops
Relationship between Controller Mode Preset Value and Loop
Symbol Description Odd-numbered Loop Even-numbered Loop (Loop
(Loop 1 or3) 20r4)
0: Two single loops Single loop Single loop
1: Two-input changeover control Low temperature input - | High temperature input
MD12 Controller 2: Cascade control Primary loop Secondary loop
MD34 mode 3: Single loop .
(Odd-numbered loop is disabled) Not used Single loop
4: Both loops disabled Not used Not used

*1: Only the input function of the loop is used.

ﬂ CAUTION

Controller Mode is a controller parameter. Changing a controller parameter reverts all
parameters of the module to their default values.

However, switching between the Disabled and Single Loop modes, that is, between
controller modes 0, 3 and 4 will not initialize the parameters.
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B3.1.4 Setting Output Terminals

Output terminal setup defines the control output from each output terminal. Use the
Output Type Selection (OUTPUT) parameter to select continuous analog output or open
collector output for each terminal. Use the Output Terminal Selection (OUTSEL 1-8)
parameters to map individual output terminals to control output preset values.

These parameter settings must be enabled before they can take effect. For details on
how to enable parameter settings, see Section B2.3, "How to Enable Settings."

Table B3.6 Relationship between Output Terminal Setting and Loop

Loop 1D Ttﬁ;oopflztl?rlic')\loupm3bﬁ_oop 2 Symbol Description Unit Data Range [igﬁ:gt Attribute| Stored :li i

Output type Selects open collector or

87 OUTPUT ) None |analog output for each output 0 RW v |C2.2
selection ;

terminal.

91 OUTSEL1 1

92 OUTSEL2 2

93 OUTSEL3 1 to 4: Heating outputs 1-4 a 3

94 OUTSEL4 |Output terminal 11 to 14: Cooling outputs 1-4 4

95 OUTSELS selepction'2 None 2110 28: Outputgpresrzet values n RW v o|c23

96 OUTSEL6 18" 12

97 OUTSEL7 13

98 OUTSEL8 14

*1:  Output type selection is available only with F3CU04-1S, which supports continuous output. It specifies output type for
each output terminal. See also Table B3.7

*2: For F3CU04-0S, which has only four output terminals, neither registers OUTSET 5-8 nor values 21-28 are available.

*3: The Control Type Selection (OT) parameter (see Section B3.2.2, "Control Type Selection") must be set to
heating/cooling control before an output terminal can be configured for cooling output.

*4: For details on how to configure an output terminal for analog output by selecting an output preset value, see Section
B2.2.2, "Analog Output Settings." Analog output is available only with F3CU04-1S.

Table B3.7 Output Type Selection

Data Description Relationship between Bits and Terminals
Poston Symbol Terminal | 158 | 7 | 6 |5 | 4|3 | 2|10 Data Range
87 OUTPUT | Output 1 — | —|—|—|—|—1|—|— 1 ¥ | 0: Open collector output
type 2 — | — | === ==Y | = (default)
selection 3 — | —|—|—=|—=|—=| v | —|— 1: Analog output
4 — | =] =]=]=]v ===
5 — | ===l v |==]|=|=
6 — = =]vii=]=]l=]=1=
7 — =l v]i=l=]=1=1=1=
8 — vl =1T=1T=1=1=1=1=

Note: Setting a bit to 1 and 0 configures the corresponding terminal indicated by a tick for analog output and open collector
output respectively.

ﬁ CAUTION

Output type selection is available only with F3CUO04-1S, which supports continuous
output.

@ CAUTION

The Output Type Selection (OUTPUT) parameter and the Output Terminal Selection
(OUTSEL1-8) parameters are controller parameters. Changing a controller parameter
reverts all parameters of the module to their default values.
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B3.1
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.5 Sample Program for Setting Controller Parameters

This section shows a sample program for setting controller parameters. The program
sets the power supply to 60Hz, and disables loops 3 and 4.

Execute zetup

SETUP=1: —>Setup mode

In setup mode, exe OPE=2

Power FREQ=60Hz

Dizable Loops 3 & 4

(OPE=2 Enable ctrl. param

Check OPE clear

Sample Program for Setting Controller Parameters
100001
| SET 0001
Set Execute
controller & Setup
10 param.
Enter setup mode
4100001 0516 I
| | [ WRITE 1] 5 rilll 1
Execute MOLRDY
Setup
00524
| SET 0002
SETUP.R Execute
OPE=2
'Write controller parameters; enable controller param. {OPE=2); read STUS
4100002 I
] [ WRITE 1] Al ETll 1
Execute
OPE=2
I
[ WRITE 47 5 54 ] 1
I
[ WRITE 2] 5 72] 1
[ FEAD 5] 721 /000002 T 1
OPE
00508
f SET 0003
CMDRDY OPE=2
Thitiated
|[/DO000Z T = il FST 0002
OPE Execute
OPE=2
Figure B3.2 Sample Program for Setting Controller Parameters (1/2)

OPE=2 initiated

Clear 'Exec OPE=Z2'
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0oo13

00014

0015

0016
ooo1?

ooo1a

oome

00020

00021

/100003 00508 T
I | T [CREAD T 5] T3] /00000 ] T |Read STUS
OPE=2 CMDRDY STUS
Thitiated
Dooom | = i SET oo04_|OPE=2 OK
STUS OPE=2
Execution
QK
ST oons |Clear 'OPE=2 initiated'
OPE=2
Thitiated
Exit from Setup mode
f']]]IDDD4 [WEITE__ | 0] 5 1] T |[SETUP=0: Exit Setup mode
OPE=2
Execution
(o]4
XDID524 SET 0o0g  |oetup-»Startup state
SETUPR Exit Setup
mode
FeT oom|Clear 'Exec. Setup'
Execute
Setup
RET 0004
OPE=2
Execution
QK
/100009 00516
I | T BST 0opg |oetup completed
Exit Setup  MDLRDY Exit Setup
mode mode
Figure B3.2 Sample Program for Setting Controller Parameters (2/2)
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B3.2 Setting I/O Parameters

I/O parameters are classified into two categories: required I/O parameters that must be
checked and set, and optional /0O parameters that can be set as required. All 1/O
parameters apply to individual loops.

The required parameters are described in Sections B3.2.1, “Input Type Selection,” and
B3.2.2, "Control Type Selection."

Optional I/O parameters are used for changing the input range, for selecting burnout
detection, as well as for setting the upper and lower limits of the PV range when using
Two-input Changeover control.

For details on functions selectable with optional I/O parameters, see Chapter C3,
“PV-related Functions”.

I/O parameters must be enabled before any written content can take effect. For details on
how to enable parameter settings, see Section B2.3, “How to Enable Settings.”

ﬁ CAUTION

Changing an 1/O parameter initializes operation parameters and other related 1/O
parameters. Therefore, always set I/O parameters before setting operation parameters.

B3.2.1 Input Type Selection
These parameters specify the input type of individual loops. Select a preset value that
matches the temperature range and voltage range of the sensor to be used.

Table B3.8 Input Type Selection

Data Position Number - . Default . See
Loop | Loop 2] Loop 3 | Loop 4 Symbol Description Unit Data Range Attribute | Stored

Value Also

1to 31, 33t0 56
None | For details, see Table A4.1, RW™ v C3.1
"Input Type Selection."

*1 You can also select input types using hardware switches as described in Section A4.1, "Selecting Input Types and Power
Frequency." If a selection is made using a hardware switch, the setting cannot be changed by software.

1

142 342 542 742 IN Input type selection ”

B3.2.2 Control Type Selection

This parameter specifies the control type for each loop.
Table B3.9 Control Type Selection

Data Position Number
Loop 1| Loop 2| Loop3 | Loop4

See
Also

Default

Value Attribute | Stored

Symbol Description Unit Data Range

0: PID control

1: ON/OFF control
2: Heating/cooling
PID control

3: Heating/cooling
ON/OFF control

141 341 541 741 OT | Control type selection None 0 RW v c2.1

For details on how to assign a specific output type to a specific output terminal, see
Section B3.1.4, "Setting Output Terminals.” See also Section C2, "Output-related
Functions."
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B3.2
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.3 Sample Program for Setting I/O Parameters
This section shows a sample program for setting I/O parameters. The program sets the

input types, followed by the input ranges for loops 1 and 2.

Sample Proeram for Setting Gontroller Parameters and I/0 Parameters

Execute zetup

SETUP=1; ->Setup mode

I zetup mode, exe OPE=4

IMN1: Typek 200 to 1000

IM.2: Typek -200 to G00C

(OPE=4 Enable I/ settine

Check OPE clear

100001
| SET 0001
Set Execute
controller & zetup
L0 param.
Enter setup mode
4100001 00516 I
-y I [ WRITE illl B [ Filll 1
Execute MOLRDY
=etup
00524
| SET 0004
SETUPR Execute
OPE=4
Write I/O Type: enable IO type settings (OPE=4); read STUS
4100004 I
— | [ WRITE 7] [l 142 ] 1
Execute
OPE=4
I
[ WRITE 3] G 342 ] 1
I
[ WRITE 47 B 72 1
[ READ Al 72 /O0000Z | 1
OPE
00503
f SET 0005
CMDRDY OPE=4
Thitiated
|[/D0000Z T = il RST 0004
OPE Execute
OPE=4
Figure B3.3 Sample Program for Setting 1/0 Parameters (1/3)

(OFE=4 initiated

Cilear 'Exec. OPE=4'

IM 34M06H62-02E
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B3-10

0oo13

00014

0015

00me
0om?

oomea

ooo1g

00020

00021

onnzz

00023

00024

00025

00026

ooo27?

/100005 HO0s08 I
} I [TREAD ] B 73] /000001 ] T |Read STUS
OPE=4 GMDRDY STUS
Thitiated
DO000T | = 0 SET Ooos__|FE=4 OK
STUS OPE=4
Execution
o] 4
BST o005 |Clear 'OPE=4 initiated'
OPE=4
Thitiated
Write input range: enable input range settings (OPE=8). read STUS
/0006 1 ~ )
f [TWRITE ] 0000 | A 143 ] TIRH1=1000.0 Celsius
(OPE=4
Execution
ol
T .
| WRITE T 0] 5] 144 ] T|RL1=00 Celzius
)T\ | .
| WRITE ] 5000 T A 43T T|RH.2=5000 Celzius
)T\ .
| WRITE T 0] 5] EEE| T|RL2=00 Celsius
)T\ .
| WRITE ] | 5 72 ] T]2PE=8 Enable input range
[T BEAD ] 5] T2 Joooonz | T |Check OPE clear
OFPE
XD.%DB SET o7 |OPE=8 initiated
CMDRDY OPE=S
Thitiated
\[ 70000z = ] RET 000F |Clear 'OPE=4 OK'
OPE OPE=4
Execution
o] 4
/100007 HO0s08 I
I I [ READ ] 5] 73] /000001 | T|Read STUS
OPE=2 GMDRDY STUS
Thitiated
DO000T | = 0 SET Ooog__|FE=3 OK
5TUS OPE=S
Execution
o] 4
RST oon7|Clear 'OPE=8 OK'
OPE=S
Thitiated
Figure B3.3 Sample Program for Setting 1/0 Parameters (2/3)
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oonza
00029

00030

0anza1

oooa2

00033

Exit from Setup Mode
f"]]JIDDDB

[ WRITE T 07

oPE=1
Execution
OF

HON524

B [

Fill

SET

SETURR

R5T

R5T

f’]DIDDDQ %GJIDS‘I i
1

R5T

Exit Setup  MDLRDY
Mode

Figure B3.3

Sample Program for Setting I/O Parameters (3/3)

0009

Exit Setup
Mode

0001
Execute
setup

0008
OPE=B
Execution
oK

0009

Exit Setup
Mode

SETUP=0: Exit zetup mode

Setup—>Startup state

Feszet 'Exec. setup’

Module zetup done

IM 34M06H62-02E
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B3.3

Setting Operation Parameters

Operation parameters define module operation. They are classified into PID parameters
and function settings.

This section describes the operation parameters that must be set before you can start
module operation as described in Section B3.4, "Operation." The function settings, which
are optional, include output-, PV-, SP-, and alarm-related function settings. For detalils,
see Sections C2, "Output-related Functions,” C3, "PV-related Functions,” C4,
"SP-related Functions," and C8, "Alarm Function.”

The operation parameters that must be set before module operation depend on whether
you intend to use dynamic auto-tuning. Go to Section B3.3.1, "Preparing for Dynamic
Auto-tuning," if you intend to use dynamic auto-tuning. You may skip to Section B3.3.2,
"Preparing for PID Control," otherwise.

ﬁ CAUTION

Changing a controller parameter or 1/O parameter initializes all operation parameters.
Therefore, always set the controller parameters and I/O parameters before setting the
operation parameters.

B3.3.1 Preparing for Dynamic Auto-tuning
In dynamic auto-tuning mode, the PID control parameters (proportional band, integral
time, and derivative time) are automatically determined and set. To enter dynamic
auto-tuning mode, set the Dynamic Auto-tuning Enable (SELF) parameter to 1 (enabled)
as shown in Table B3.10. When SELF is set to 1, it is automatically enabled (no
additional procedure is required to enable the setting). Now you are ready to start module
operation.
Table B3.10 Dynamic Auto-tuning Selection
Data Position Number - . Default ) See
Loop 1| Loop 2| Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
181 | 381 | 581 | 781 | SELF | Dynamicauto-tuning None | 0: Disabled o | Rw | v |cs1
enable 1: Enabled
1@ CAUTION
There are some pre-conditions for using dynamic auto-tuning: the controller mode must
be set to either Single Loop or Two-input Changeover Control, and the control type must
be set to PID Control. For details on dynamic auto-tuning, see Section C5.1, "Dynamic
Auto-tuning."”
When not using dynamic auto-tuning, set the PID control parameters manually as
described in Section B3.3.2, "Preparing for PID Control."
Table B3.11  Operation Parameters That Must be Set when Using Dynamic Auto-tuning”™
Data Position Number - . Default . See
Loop 1| Loop 2| Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
201 | 401 | 601 | 801 1.SP | Set point '”dL‘;:itt”a' PRLtoPRH | PRL | RW | v | ca.

*1: To switch between PID parameter groups, see Section C4, "SP-related Functions."

IM 34M06H62-02E 2nd Edition : June 2008-00
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Z@ CAUTION

You need to execute a specific procedure every time to update stored set point values.
Otherwise, stored set points will not be updated so the parameters revert to their last
stored values whenever the module is turned off and then on again. For details, see
Section B2.4, "How to Back up SP Values to EEPROM."
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B3.3.2

Preparing for PID Control

To perform PID control without dynamic auto-tuning, you must manually set the PID
control parameters, namely, the Proportional Band (PB), Integral Time (TI) and Derivative
Time (TD) parameters according to the characteristics of the controlled object. If you
specify inappropriate PID parameter values, you will not be able to achieve the desired
control. You may directly change the PB, TI, and TD registers, or use the auto-tuning
function to let the module adjust the parameter values automatically.

ﬁ CAUTION

Before directly changing the PB, Tl or TD register, you must set the Dynamic Auto-tuning
Enable (SELF) parameter to “0: disabled.” Otherwise, the dynamic auto-tuning function
will overwrite the modified value.

Table B3.12 Operation Parameters That Must be Set for PID Control .

Data Position Number i . Default . See

Toop 1] Loop 2 [Loop 3 | Loop 4 Symbol Description Unit Data Range Value Attribute | Stored Also
201 | 401 | 601 | 801 | 1.SP |Setpoint '“dlj‘rfitt”a' PRL to PRH PRL | RW v |ca1
206 406 606 806 1.PB Proportional band % 1109999 (0.1t0999.9%) | 50 RW v C6.2
207 407 607 807 1.TI Integral time Second | 0: OFF 240 RW v C6.3
208 408 608 808 1.TD Derivative time Second |1 to 6000 (1 to 6000 s) 60 RW v C6.4

*1  To switch between PID parameter groups, see Section C4, "SP-related Functions."

ﬁ CAUTION

You need to execute a specific procedure every time to update stored set point values.
Otherwise, stored set points will not be updated so the parameters revert to their last
stored values whenever the module is turned off and then on again. For details, see
Section B2.4, "How to Back up SP Values to EEPROM."

Set the PID control parameters PB, Tl, and TD in Table B3.12 to appropriate values. To
set these parameters automatically with the auto-tuning function, first define the set point,
and then start the auto-tuning function as described below. Let us assume that the set
point to be used is 1.SP.

IM 34M06H62-02E 2nd Edition : June 2008-00
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Table B3.13  1/O Registers Used in Auto-tuning

Data Position Number - . Default . See
Loop 1[Loop 2| Loop 3 [Loop 4 Symbol Description Unit Data Range Value Attribute |Stored Also
0: AT normal exit
111 | 311 | 511 | 711 | ATSTUS | Auto-tuning status | None | 13AT executing — | RO | — |c52
2: AT manually stopped
3: AT error exit
) 0: Stop
121 321 521 721 | RUN/STP | Run/stop selection None 1: Run 0 RW — | C71
. 0: Automatic
122 | 322 | 522 | 722 | AmIC Automatic/manual | 0 | 1 Manual o | rRw | — |72
/cascade selection 2 Cascade ™ C7.4
0: Stop AT .
127 | 327 | 527 | 727 | AT Start auto-tuning None | 1105 StartAT | o | Rw | — |c52
(reverts to 0 when AT is
completed)
*1  For details on cascade control, see Section C1, "Controller Mode."
*2  For details on auto-tuning, see Section C5.2, "Auto-tuning."
Table B3.14  Input Relays Used in Auto-tuning
Input Relay Number See
XOOOnn Symbol Description Data Range Interrupt Also
Loop 1| Loop 2| Loop 3 |Loop 4
X04 | X12 | X20 | X28 | AT.RDY |Auto-tuning completed 0: AT in progress, 1: AT completed v C5.2

*1 OO0 denotes the slot number where the module is installed.

Set the set point to be used in control operation to Set Point register 1.SP (see Table
B3.12). Then set the AT register to 1 to start the auto-tuning function. When auto-tuning
begins, the AT.RDY relay is set to 0 and the AT.STUS register is set to 1. When
auto-tuning completes, the AT register automatically returns to 0 and the AT.RDY relay is
set to 1. To abort an ongoing auto-tuning, set the AT register to 0. In this case, the PID
parameters retain their values before auto-tuning is started.

For details on how auto-tuning operates, how to start zone PID, or how to confirm the
completion of auto-tuning, see Section C5.2, "Auto-tuning."

1@ CAUTION

Before starting auto-tuning for a particular loop, you must first set the RUN/STP register
of the loop to ‘1: Run’ and the A/M/C register of the loop to ‘0: Automatic’. Then, set the
AT register to 1.

If not all required conditions are satisfied, auto-tuning will be aborted.
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B3.3

3

Sample Program for Setting Operation Parameters

This section shows a sample program for setting operation parameters. Always set

controller parameters and 1/0O parameters before operation parameters.

B Setting Operation Parameters for Dynamic Auto-tuning

The following is a sample program for setting operation parameters for dynamic
auto-tuning. The program enables dynamic auto-tuning, specifies a set point, and sets up
Run/Stop and other operation control parameters essential for module operation.

000
oooo2

0ooo3

0ooo4
00005

00006

oooav?

00003

Setting operation parameters

00516 a0 I . .
f { | [ WRITE T 1] 5] 181 | T|Dy¥namic auto-tuning enab
MDLRDY i ite:
operation
param.
[ WRITE [ 000207 ] 5] 201 ] T [Wite st point
Set point
Operation control
00516 0020 I
| [} [TWRITE T il G T2 T |Fun
MDLRDY Run/Stop
100201 T
f | WRITE ] 0] 5] 127 ] 1 [>tep
Fun./Stop
00202 I .
| | WRITE T 0] 5] 127 | T |Automatic
futa/ manual
100202 I
| | WRITE T 1] 5] 152 | 7 |Manual
Auto/ manual
Figure B3.4 Sample Program for Setting Operation Parameters for Dynamic Auto-tuning
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B Setting Operation Parameters for PID Control

000
oooo2

0ooo3
0ooo4

00005

00006

oooa?

00003

oooog

ooo10

The following is a sample program for setting operation parameters for PID control. It
specifies a set point and sets Run/Stop, Auto-tuning Enable, and other operation control
parameters essential for module operation.

'Write operation parameters

W56 ol _ _
I | [WRITE [ Do0201 | B 07 | Tiite set point
MDOLRDY Wi ite Set point
operation
pararm.
Operation control
W56 0zt 1T
| [} [WRITE | il A 127 ] 1 |Run
MDLRDY  |Run/Stop
ozt 1T
i [TWRITE ] il B 21 | T |Stop
Run/stap
00202 1T )
| | WRITE T 0] 5] 127 | T |Automatic
Auto manual
0202 1
| [T WRITE | 1] 5] 159 | T |Marual
Auto manual
W56 00205 1T
} { } [TWRITE ] 1] B 1271 TiStart AT
MDLRDY  [Start AT
00208 1T
f [TWRITE | il A | T |Stop AT
Stop AT
WONG04 1T
| [T READ | B 1 oooiil | T|AT done, Read AT status
#TROY HTSTUS
Figure B3.5 Sample Program for Setting Operation Parameters for PID Control
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B3.4

Operation

Once you have completed the setup described in Sections B3.1, “Setting Controller
Parameters,” B3.2, "Setting 1/0 Parameters,” and B3.3, “Setting Operation Parameters”,
the module is ready for operation. Start module operation in manual or automatic mode
by writing to the RUN/STP and A/M/C registers. To operate in Manual mode, specify an
output level using the Manual Output (MOUT) register.

For information on SP number selection, remote set point, and other operation control

functions, see Section C7, "Operation Control."

Table B3.15 Operation Control Parameters
Data Position Number _— . Default . See
Loopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute [Stored Also
121 | 321 | 521 | 721 | RUN/ISTP | Run/stop selection None | 3¢ 3toP o | RW | — |c71
0: Automatic
1: Manual
. 2: Cascade (only
122 | 322 | 522 | 722 | awic | Automatcimanual o yalig for the o | rRw | — |&72
/cascade selection Cc7.4
even-numbered loop
in cascade control
mode)
124 | 324 | 524 | 724 | RMT/LOC Sﬁgnc‘ifgﬁ'ma' None | 0:local,1:Remote | 0 | RW | — |cC73
128 328 528 728 | SPNO SP number selection None lto4 1 RW — | C41
133 | 333 | 533 | 733 | RSP Remote set point '”dl;’:itt”a' PRL to PRH PRL | RW | — [ca2
Manual output OL to OH: for single
(for single output or output; c72
134 334 534 734 | MOUT heating output in % 0 to OH: for 0 RW — C7.4
heating/cooling heating/cooling '
control) control
*1: The controller mode must be set to Cascade Control before the ‘Cascade’ option can be selected. Set the operation
control parameters of the even-numbered loop (loop 2 or 4) in cascade mode.
Table B3.16 Relationship between Operating Status, Operation Control, and Output Values
Operating Operation Control
Status RUNISTP | AIMIC Output Remarks
0 This is the status immediately after power up. In Stop mode,
Stop 0 1 POUT (and POUTC) the stored value of the Preset Output parameter is output.
Automatic 1 0 HOUT (and COUT)
Manual 1 MOUT (and MOUTC)
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B4. Sample Program

0oom
onoo2

0003
oooo4

00005

This chapter describes a sample program that uses the module for controlling
temperatures. It sets the power supply frequency, input type, input range, set point
and other parameters, as well as runs the module and starts the auto-tuning
function. If it detects an error, it reads the error status. The program assumes that
the module is installed in slot 5 of the main unit.

Table B4.1 lists the internal relays used in this sample program, along with their

intended usage.

Table B4.1 Internal Relays Used in the Sample Program

NEEL?; ] Name and Usage Remarks

100001 Execute setup All parameters set by this program are stored internally in

100011 Write operation parameters the module and thus do not need to be setup after each

100102 Backup SP values power up. These r_elays therefore need to be operated only
when the module is replaced or when parameter values

100201 Run/Stop are modified.

100202 Auto/Manual Run/stop and automatic/manual, however, need to be

100205 Start AT selected at the beginning of each operation, as these

100206 Stop AT settings are not stored in the module.

ﬂ CAUTION

You need to execute a specific procedure every time to update stored set point values.
Otherwise, stored set points will not be updated so the parameters revert to their last
stored values whenever the module is turned off and then on again. For details, see
Section B2.4, "How to Back up SP Values to EEPROM."

Setting controller parameters and I/0 parameters
]]JDIDD‘I
T

SET

Set
controller &
L0 param.

Enter setup mode
,-"]DIDDD‘I %GJIIJE‘IS

0007 Execute setup

Execute
setup

T
[ WRITE T il Al il

Execute  |MDLRDY
=etup

}<Dl|3524

T|SETUP=1; —»5etup mode

SET

T
SETUPR

0ooz | Setup mode, exe OPE=2

Execute
OPE=2

Figure B4.1 Sample Program (Component for Setting Setup Parameters) (1/5)
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00006
oooa?

onoo3

onoog

ooo10

ooo11

ooo12

0003

ooo14

o015

Figure B4.1

Sample Program (Component for Setting Setup Parameters) (2/5)

‘Write controller parameters; enable controller param. (OPE=2); read STUS
/10002 T -
] | WRITE__ | 1] 5] Eill| 7 |Power FREG=60 Hz
Execute
OPE=2
I .
[T WRITE | A7 A | 1 |Disable Loops 3 & 4
I
| WRITE | | 5] 72| T|2PE=2 Enable ctrl. param
[ READ | 5] 72] /000002 ] 1 |Check OPE clear
OPE
}GJIIJEDS SET oo |DPE=2 initiated
CMDRDY OPE=2
Thitiated
/000002 | = FaT ooz |Clear 'Exec OPE=Z2'
OPE Execute
OPE=2
/100003 HO0503 T
} | [TREAD | 5] T3] /00000 ] T |Fead STUS
OPE=2 CMDRDY 5TUS
Thitiated
000001 | 0 SET oond_ |ZPE=2 OK
5TUS OPE=2
Execution
oK
BST oong_ |Clear 'OPE=2 initiated'
OPE=2
Thitiated
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00ma
oom?

ooo1a

ooo1g

oao20

0o021

onoz2

00023

on024

00025

Write I/O Type: enable 10 type settings {OPE=4); read STUS
,fmlnnnat t WRITE | Z] 5] 1371 T|IM1: Typek -200 to 1000
OPE=2
Execution
ok
I
[T WRITE | 3] 5] 347 ] T|IM.2: Twpef -200 to BOOC
I .
[TWRITE__ | T 5] 721 T|OPE=4 Enable IO setting
[ READ | 51 721 /DO000Z ] T |Check OPE clear
OPE
}GJIIJEDS SET 0005 |@PE=4 initiated
CMDRDY OPE=4
Initiated
L[/DO000Z ] = 0 RST oond__ |Clear 'OPE=2 OK'
OPE OPE=2
Execution
ok
/100005 HO0503 T
I T [TREAD | 5] T3] /00000 ] T |Fead STUS
OPE=4 GMDRDY STUS
Initiated
DO0D0T | = i SET oO0g_|OPE=4 OK
STUS OPE=4
Execution
ok
BST o005 |Clear 'OPE=4 initiated'
OPE=4
Initiated
Figure B4.1 Sample Program (Component for Setting Setup Parameters) (3/5)

IM 34M06H62-02E

2nd Edition : June 2008-00



B4-4

00026
on0z7

00023

o029

oo

0o0:1

onn32z2

00033

ono034

00035

00036

oooa?

Write input range; enable input range settings (OPE=8), read STUS
)T\ .
mIDDDS [ WRITE | 10000 ] 5] 1437 T |RH1=10000 Celsius
OPE=4
Execution
18
)T\ .
[ WRITE T 1| 5] 144 | T|RL1=00 Celzius
)T\ .
| WRITE ] 5000 T B EEED| T |RH2=5000 Celzius
)T\ .
| WRITE T 0] 5] EEE| T|RL2=00 Celsius
)T\ .
| WRITE__ | | 51 72 ] T]OPE=8 Enable input range
[T BEAD | 5] T2 _Joooonz | T |Check OPE clear
OPE
XD.%DB SET oon7 | PE=8 initiated
CMDRDY (OPE=8
Thitiated
\[/D0000Z | = 0 BST Oo0G_|Clear 'OPE=4 OF
OPE OPE=4
Execution
oK
/100007 00508 I
I | | [ READ ] 5] 73] /00000 | T|Read STUS
OPE=8 CMDRDY STUS
Thitiated
DO000T | = 0 SET ooog__ | FE=3 OK
STUS OPE=8
Execution
oK
FaT ooy |Clear 'OPE=E OK'
(OPE=8
Thitiated
Figure B4.1 Sample Program (Component for Setting Setup Parameters) (4/5)
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0on3zg
onn2g

00040

0041

ono42

00043

Exit from Setup Mode
,-"]]JIDDDE

Figure B4.1

Sample Program (Component for Setting Setup Parameters) (5/5)

| [ WRITE | 07 5 Fill 1
OPE=8
Execution
OF
HO0524
f SET 0009
SETUPR Exit Setup
Mode
R5T 0001
Execute
setup
R5T 0003
OPE=8
Execution
oK
/100009 00516
— | {1 BeT 00
Exit Setup  MDLRDY Exit Setup
Mode Mode

SETUP=0: Exit setup mode

Setup-»Startup state

Reset 'Exec. setup’

Module zetup done
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000
onnoz

000o3
00004

00005

00006

oooa?

onoo3

onoog

oo

‘Write operation parameters

}<]JID51 fi

I]]JDID1 1

[ WRITE

MDLRDY

1T
Wi ite
operation
param.

Operation control

I]]JD|201

Do02071

5 201 ]

ifrite et point

s

Set point

00516
.
MOLRDY

}<DID5‘I i

F{urlv" Sltop

1002m

WRITE

5 1211

T [Fun

>

WRITE

I
Fun/Stop

]]JDI2D2

07

5 1211

=top

>

WRITE

T
futo/ manual

no202

07

5 122 ]

Automatic

s

WRITE

T
futo/ manual

I]]JDI205

5 122 ]

Manual

>

WRITE

I
MOLRDY

L
Start AT

]]JDI2DS

5 1277

Start AT

>

WRITE

T
Stop AT

XJJIDEDfl

07

5 1277

Stop AT

s

READ

ATROY

Figure B4.2

T[] DO0TIT

AT done, Read AT status

Sample Program

ATSTUS

(Component for Operation Parameter Setup and Operation Control) (1/3)
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00011
oomz

o013

ooo14

o015

o016

oot

oooe
ooma

oao20

000z1

onoz2

Execute SP backup

S PWR-"WR"

5P backup in proaress

5 PWR<-0

Reset 'exec. 5P backup'

(OFF after 5P backup done

Figure B4.2

Sample Program

Read ERRETUS*

Backup 5P values
010z
| SET 0001
SP backup Execute SP
backup
A100001 4100002 I
[y | [ Al 74 1
Execute 5P |SP backup in
backup progress
SET 0002
5P backup in
progress
0532 I
| | 5 74 1
5P backup
done
R5T 0001
Execute SP
backup
/100002 00532 A100001
— | 4T 1t BeT 00z
SP backup in SP backup  Execute SP 5P backup in
progress done backup Progress
If error is detected, read operating status and error status
00507
I [ 511 DO00ST ] 4
FURGERR1 ERRSTUS
00515
FUNGERR2
#0523
FUNGERR3
0531
FUNGERR4

(Component for Operation Parameter Setup and Operation Control) (2/3)
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00023 |If mo error is reported, clear error status
nooz4|  X0Os07
; [ WMo ] O] Dooos]_|clear error status 1

FUMGERRT ERRSTUS

00025 ><DIU515 [ Wov ] ] Dooiae |~ lear error status 2
FUMGERRZ

0o0ze ><DIU523 [ Wov ] ] Doonea |~ lear error status 3
FUMGERRZ

nooz? XDIU531 oY ] O] _Dooogd [Clear error status 4
FUMGERR4

Figure B4.2 Sample Program
(Component for Operation Parameter Setup and Operation Control) (3/3)
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Temperature Control and PID Module
PART-C Function Description

IM 34M06H62-02E 3rd Edition

PART-C describes the functions of the module.

This module has four controller loops, which

can be configured to operate in

pairs or individually to serve different purposes. This part first describes the
controller mode that defines the way these controller loops are used, followed by

the individual functions of the module.

Cl. Controller Mode........ccccevvneen.n.

C2. Output-related Functions ........

C3. PV-related Functions................

C4. SP-related Functions................

C5. Auto-tuning Function...............

C6. Control and Computation
Function........ccooooiiiiiiiiiin e,

C7. Operation Control ........ccccennn.
C8. Alarm Function........cccccccvvnnnnnn.
C9. Disable Backup Function ........

C10. Self-diagnosis Function ..........

C11. Selecting Temperature Unit.....

Describes the interdependency
of the controller loops.

Describes output type selection
and other output-related
functions.

Describes PV input type
selection and other input-
related functions.

Describes set point (SP), limiter,
and other SP-related functions.

Describes the Dynamic
Auto-tuning and the normal
Auto-tuning function.

Describes the control and
computation function settings.

Describes the Run/Stop and
other operation control modes.

Describes the alarm-related
functions.

Describes how to disable
backup of parameters.

Describes the self-diagnosis
function for monitoring
operation status and hardware
failure.

Describes how to set the
temperature unit (°C or °F) to be
used with the module.
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C1. Controller Mode

The controller mode defines the interdependency of the four controller loops of the
module. When the controller mode is set to single loop, each controller operates
independently. When the controller mode is set to cascade control or two-input
changeover control, a pair of controller loops 1 and 2, or a pair of controller loops 3
and 4, cooperate to function like a single controller. For an overview on control
modes, see Section B3.1.3, "Controller Mode."

The controller mode selection uses the MD12 or MD34 register for a pair of
controller loops 1 and 2 or a pair of controller loops 3 and 4 respectively.

Table C1.1 Parameters Related to Controller Mode

Loop?jtizgslznorw;gbr[oop ] Symbol|  Description Unit Data Range Ezgﬁjuelt Attribute | Stored
0: Two single loops
83 MD12 None |1: Two-input changeover control
Controller mode 2j Casca_de control 0 RW v
3: One single loop
84 MD34 None (odd-numbered loops are disabled)
4: Both loops are disabled
Table C1.2 How Controller Loops are Used according to the Controller Mode Setting
How Loops are Used
Symbol Description Odd-numbered Loop Even-numbered Loop
(Lor3) (2or4)
0: Two single loops Single loop Single loop
1: Two-input changeover control Cooling input Heating input
MD12 2: Cascade control Primary loop of cascade Secondary loop of cascade
Controller Mode -
MD34 3: One single loop Disabled Single loop
(odd-numbered loops are disabled)
4: Both loops are disabled. Disabled Disabled

*1 Only the input side of the loop is used.

For details on Single Loop, Cascade Control, and Two-input Changeover control
modes, see Sections C1.1, "Single Loop," Cl1.2, "Cascade Control,” and C1.3,
"Two-input Changeover Control" respectively. For details on how to disable the
controller functions, see Section C1.4, "Disabled Mode."

A@XCAUHON

The MD12 and MD34 (Controller Mode) registers are controller parameters. Changing a
controller parameter normally reverts all parameters of the module to their default values.
However, switching between the values 0, 3 and 4 (between the disabled-mode and
single-loop settings) of MD12 or MD34 does not initialize the parameters.

1@ CAUTION

The Controller Mode settings must be enabled to take effect. For details on how to
enable settings, see Section B2.3, "How to Enable Settings."
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Cl.1 Single Loop

When the controller mode is set to Single Loop, you get the most basic control operation
where each controller operates independently. You will set up each loop separately, and
perform run/stop and other operations for each loop separately.

C3. PV-related Functiors C4. SP-related Functions

¥

1.8P

25Pp ) (

| Input type selection | (

) (

3sP ) 4sp ) ( Rsp )

hﬂ
Remote

\J
L

-
SP tracking

C6. Control and
y Computation Function

[ Heating/cooling computation |

> PID computation
C2. Output-related functions | A ’|—|:|

v

[ Rate-of-change limiter |

v

[ Operation control

A/M/C
Manual {O Auto CD

[ Cooling output limiter

A O—
P
=
=}

Manual O Auto

| Heating output limiter

{_<our 3 {_HouT "3
External output O Normal output
( EXOUT/OUT ) >
EXOUT is not available in the
heating/cooling control mode.
N\

) :- Input register

:) 1/0 register
O

Terminal

This flowchart illustrates the module functions as functional blocks. Some details are omitted intentionally to facilitate
reading. For details on each functional block, see the relevant section indicated.

Figure C1.1 Overview of Single Loop Mode

IM 34MO06H62-02E 2nd Edition : June 2008-00



C1-3

Table C1.3 Parameters Related to Single Loop
Data Position Number L , )
Symbol Description Unit Data Range Default Attribute | Stored See
Loopl | Loop2 | Loop3 | Loop4 Value Also
Industrial
101 301 501 701 PVIN Input process value unit -5t0 105% of (SLto SH) | — RO —
- C3
- 0,
102 302 502 702 PV Process value Indu;tnal 5 f0 105% of (PRL to — RO —
unit  |PRH)
103 | 303 | 503 | 703 | CSP  [Control set point '”dlj’rfitt”a' PRL to PRH — | RO | — |ca
OL to OH: for single
104 | 304 | 504 | 704 | HOUT |Control output g |OUPU — | rO | —
0 to OH: for c2
heating/cooling output C7.1
105 | 305 | 505 | 705 | cout |Cooling control 9% |0t OL: For — | ro | —
output heating/cooling output
121 321 521 721 | RUN/STP |Run/stop selection None |0: Stop; 1: Run 0 RW — |C7.1
122 322 522 7992 AM/C Automat|c/man_ua|/ None O Automatlc*,1 1: Manual 0 RW __|cr2
cascade selection 2: Cascade C7.4
124 | 324 | 524 | 724 | RMTLOC |Remoteflocal None |% Local o | RW | — |c73
selection 1: Remote
125 | 325 | 525 | 725 | Expypy |EXtermalinormal None |0 Normal input o | RW | — |c312
input selection 1: External input
EXOUT/ |External/normal 0: Normal output
126 326 526 726 ouT output selection None 1: External output 0 RW — |C26
128 328 528 728 SPNO  |SP number selection| None [1to4 1 RW — |C4.1
131 | 331 | 531 | 731 | EXPV  |External input '”dl;’:itt”a' -510105% of (SLto SH)| SL | Rw | — |c3.12
133 | 333 | 533 | 733 | RSP  |Remote set point '”dlfrfitt”a' PRL to PRH PRL | RW | — |c4.2
OL to OH: for single
134 | 334 | 534 | 734 | MOUT |Manual output o |OutRUt 0 RW | —
0 to OH: for C7.2
heating/cooling output C7.4
135 | 335 | 535 | 735 | MOUTC L\ﬁgﬁf" cooling % [0toOL o | RW | —
136 336 536 736 EXOUT |External output % -5.0 to 105.0% 0 RW — |C2.6

*1 The controller mode must be set to Cascade Control before Automatic/Manual/Cascade Selection (A/M/C) can be
set to 2 (Cascade). In cascade control mode, operation proceeds according to the setup for the even-numbered
loop (2 or 4).

The single-loop mode is the most basic controller mode, where the module performs
computation using the control and computation function and outputs the control output
(HOUT and COUT) as defined by the output-control functions so that the process value
(PV) as processed by the Input PV-related functions approaches the control set point
(CSP) as defined by the SP-related functions.

The PV-related functions process the output from a thermocouple, RTD or other
temperature sensors according to the characteristics of individual sensors. In particular,
the filter function reduces noise and other disturbances, and the biasing functions correct
for deviations between devices. For details, see Section C3, "PV-related Functions."

The SP-related functions set up and select set points (SP), and perform processing to
prevent abrupt changes. In addition, the remote set point (RSP) can be used to receive
successive external set points. For details, see Section C4, "SP-related Functions."

The control and computation function computes control output values so that the PV
approaches the set point. The control method may be set to ON/OFF, PID, or
heating/cooling PID control to suit an application. For details, see Section C6, "Control
and Computation Function.”

The output control functions process the output so that the upper limit, lower limit, or the
rate-of-change limit will not be exceeded. They also perform processing to prevent
sudden changes in the output level due to, say, switching between Automatic and Manual
mode. For details, see Section C2, "Output-related Functions."
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Cl.2 Cascade Control

When the controller mode is set to Cascade Control, a pair of controller loops 1 and 2 or
a pair of controller loops 3 and 4 form a cascaded loop. In cascade control mode,
parameters of the even-numbered controller loop (2 or 4) are used for run/stop and other

operations.
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RO {HOES
:. Input register
External output O Normal output D 1oregister

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ O remns
EXOUT is not available in the heating/
cooling control mode.

This flowchart illustrates the module functions as functional blocks. Some details are omitted intentionally to facilitate
reading. For details on each functional block, see the relevant section indicated.

Figure C1.2 Overview of Cascade Control
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Table C1.4 Parameters Related to Cascade Control

Data Position Number - . .
Symbol Description Unit Data Range Default Attribute |Stored See
Loopl | Loop2 | Loop3 | Loop4 Value Also
Industrial
101 301 501 701 PVIN Input process value unit -5 to 105% of (SL to SH) — RO —
- C3
- 0,
102 | 302 | 502 | 702 PV |Process value Industrial|-5 to 105% of (PRL to — | RO | —
unit PRH)
103 | 303 | 503 | 703 CSP  |Control set point '”d:‘r?itt”a' PRL to PRH — RO | — |ca
OL to OH: for
o single output . o
104 304 504 704 HOUT Control output % 0 to OH: for RO c2
heating/cooling output Cc7.1
305 705 CcouT Cooling control % Oto QL: For_ . RO .
output heating/cooling output
321 721 | RUN/STP |Run/stop selection None |0: Stop; 1: Run 0 RW — |C7.1
Automatic/manual/ 0: Automatic, 1: Manual C7.2
322 22 AMIC | 2scade selection None 1> cascade 0 RW ~ |cr4
124 524 RMT/LOC |Remote/local None |0 Local 0 RW | — |[c7.3
selection 1: Remote
125 | 325 | 525 | 725 | Expvpy |EXternalnormal None |0 Normal input o | RW | — |c312
input selection 1: External input
326 726 |ExouTioyT|EXtemalnormal None [0 Normal output o | RW | — |c26
output selection 1: External output
128 | 328 | 528 | 728 | spno  |SPnumber None |lto4 1 RW | — |ca1
selection
. Industrial
131 331 531 731 EXPV External input unit -5 t0 105% of (SL to SH) SL RW — |C3.12
133 533 RSP  |Remote set point '”d:‘rfitt”a' PRL to PRH PRL | RW | — |ca2
OL to OH: for
o single output .
334 734 MOUT  [Manual output % 0 to OH: for 0 RW c7.2
heating/cooling output C7.4
335 735 | moutc |Manual cooling % |0toOL 0 RW | —
output
336 736 EXOUT |External output % -5.0 to 105.0% 0 RW — |C2.6

*1  The controller mode must be set to Cascade Control before Automatic/Manual/Cascade Selection (A/M/C) can be
set to 2 (Cascade). In cascade control mode, operation proceeds according to the setup for the even-numbered
loop (2 or 4).

In cascade control mode, controller loops 1 and 2 or loops 3 and 4 form a pair, where the
odd-numbered loop (1 or 3) is the primary loop and the even-numbered loop (2 or 4) is
the secondary loop, and the output from the primary loop is used as the control set point
for the secondary loop.

The control and computation function of the primary loop controls its output so that the
control set point for the secondary loop will not change suddenly when a transition is
made from manual or automatic mode to cascade mode. This is called the tracking
function. The control method is always PID control.

In cascade control mode, the SP-related functions of the secondary loop use the output
from the primary loop as its control set point, and thus remote setting function is not
available.

For details on cascade control operation, see Section C1.2.1, "Cascade Control
Operation.” For details on each functional block, see Sections C3, "PV-related
Functions," C4, "SP-related Functions," C6, "Control and Computation Function," and
C2, "Output-related Functions."

TIP

Cascade control is a kind of feedback control system where controllers are connected serially so that
the output from one controller changes the set point of the next controller. It is useful in situations where
it is desirable to minimize impact from external disturbances.
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Clz21

Cascade Control Operation

B Operating Status and Cascade Control

In cascade control mode, run/stop selection (RUN/STP) or automatic/manual/cascade
selection (A/M/C) is specified using parameters of the secondary loop (loop 2 or 4).

With “Stop” specified, the secondary loop outputs the preset output (n.POUT) and the
preset cooling output (n.POUT.C) (for heating/cooling control), and the control output
(HOUT) from the primary loop is set to its preset output (n.POUT).

With “Run” and “Cascade” specified, the control output (HOUT) from the primary loop is
converted to the PV range and used as the control set point (CSP) for the secondary
loop.

With “Run” and “Automatic” specified, one of the set points (n.SP) of the secondary loop
is selected by the SP-related functions and used as the control set point (CSP) for the
secondary loop. In this mode, the control output (HOUT) of the primary loop is the
converted value of the control set point (CSP) of the secondary loop, which is scaled to
the output range.

With “Run” and “Manual” specified, the secondary loop outputs Manual Output (MOUT)
and Manual Cooling Output (MOUTC) (for heating/cooling control). In this mode, the
control output (HOUT) of the primary loop is the converted value of the control set point
(CSP) of the secondary loop, which is scaled to the output range.

Note: “n.” in the parameter symbol denotes a PID number, which is an integer ranging from 1 to 4.

Table C1.5 Control Set Point and Control Output in Various Operating Status

Operating Status Primary Loop Secondary Loop
RUN/STP AMIC Control Output Control Set Point Control Output Cooling Control Output
Automatic Control set point of
Manual secondary loop
Sto Preset output of the Range-converted Preset output of the Preset cooling output
P primary loop value of the control secondary loop of the secondary loop
Cascade .
output of the primary
loop
Automatic Range-converted Control set point as Value computed f_or Value computed f_or
value of the control set . the control set point the control set point
3 defined for the -
point of the secondary Manual output of the Manual cooling output
Manual secondary loop
RuN loop secondary loop of the secondary loop
Range-converted
Value computed for
. value of the control Value computed for Value computed for
Cascade the control set point of . .
. output from the the control set point the control set point
the primary loop ;
primary loop
TIP

In cascade control mode, the SP-related functions of the secondary loop converts the control output
from the primary loop expressed as a percentage into the control set point, scaled to the input range
(PRL to PRH) for the secondary loop.

- The primary loop output within the range 0.0%-100.0% is converted to the input range (PRL to PRH)
for the secondary loop.

Example: If the input range of the secondary loop is 0.0-1200.0°C, a control output of 55.0% from
the primary loop converts to a control set point of 660.0°C for the secondary loop.

1@ CAUTION

If a burnout is detected in the primary loop in cascade control mode, the module
automatically switches to Automatic mode.
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B Performing PID Adjustment in Cascade Control

Use the following procedure to perform auto-tuning or manual PID adjustment:

(1) Perform auto-tuning or manual PID adjustment in automatic mode to determine
optimal PID values for the secondary loop.

(2) Switch to cascade control mode, and perform auto-tuning or manual PID
adjustment for the primary loop to determine optimal PID values.

A®§CAUHON

- Changing the Automatic/Manual/Cascade Selection (A/M/C) of the secondary loop
from Automatic to Cascade or Manual during auto-tuning stops auto-tuning.

- Changing the Automatic/Manual/Cascade Selecton (A/M/C) of the primary loop from
Cascade to Automatic or Manual during auto-tuning stops auto-tuning.

B Functional Limitations in Cascade Control

Table C1.6 Functional Limitations in Cascade Control

Set Point Function Output-related Functions

Primary Loop

Control Type Selection is disabled (PID Control is

The PV tracking operation interlocks with the Run/Stop | always used).

Selection and the Automatic/Manual/Cascade In automatic or manual mode, the control output of the
Selection specified for the secondary loop. primary loop follows the control set point of the
secondary loop (tracking function).

In cascade control mode, the control output from the
primary loop is used as the control set point for the

Secondary Loop secondary loop. The Remote/Local Selection is No limitations
disabled (Local is always selected).
See Also C4, “SP-related Functions” C2, “Output-related Functions”

A®§CAUHON

To stabilize the control output from the secondary loop in situations where the output from
the primary loop changes drastically, set the control mode (CMD) of the secondary loop
to “Fixed-point Control”. For details on the PID control mode, see Section C6.6, “PID
Control Mode.”

Z@ CAUTION

In cascade control mode, the control set point for the secondary loop is constrained by
the upper and lower output limits (n.OH and n.OL) of the primary loop, as well as the
upper and lower SP limits (n.SPH and n.SPL) of the secondary loop.

The specified upper and lower SP limits (n.SPH and n.SPL) of the secondary loop must
be appropriate for the upper and lower output limits (n. OH and n. OL) of the primary loop
respectively. If the two values do not fit, the output of the secondary loop may overshoot
significantly. For details, see the CAUTION in Section C4.3, “Limiting the Set Point.”

Note: “n.” in the parameter symbol denotes a PID number, which is an integer ranging from 1 to 4.
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C1.3

Two-input Changeover Control

When the controller mode is set to Two-input Changeover Control, a pair of controller
loops 1 and 2 or a pair of controller loops 3 and 4 is used to control a single target
through changeover between the two PVs.

C3. PV-related functions

C3. PV-related functions

C4. SP-related Functions

.

[ inputtype selection |
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Function

| Heating/cooling computation:
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Heating output limiter
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- oo Input register
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This flowchart illustrates the module functions as functional blocks. Some details are omitted intentionally to facilitate
reading. For details on each functional block, see the relevant section indicated.

Figure C1.3

Overview of Two-input Changeover Control
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Table C1.7 Parameters Related to Two-input Changeover Control

Data Position Number L . .
Symbol Description Unit Data Range Default Attribute | Stored See
Loopl | Loop2 | Loop3 | Loop4 Value Also
Industrial
101 301 501 701 PVIN |Input process value unit -5 to 105% of (SL to SH) — RO —
- C3
102 | 302 | 502 | 702 | PV |Process value '”dlfrfitt”a' -510105% of (PRLto PRH) | — | RO | —
303 703 | CsP  |controlsetpoint | "l pRi 1o pRH — | RO | — |ca
OL to OH: for single output
304 704 HOUT |Control output % 0 to OH: for heating/cooling — RO = e
output
0 to OL: for heating/coolin crl
305 705 COUT |Cooling control output % output ' 9 g — RO —
321 721 | RUN/STP |Run/stop selection None |0: Stop; 1: Run 0 RW — |c7.1
322 722 | e |Automaticmanuall g one  o: Automatic, 1: Manual o | Rw | — |52
cascade selection C74
323 723 INSEL [Input selection None |0:Inputl, 1:Input 2 0 RW — |c3.1
324 724 |RMT/LOC |Remotelocal None |- Local o | RWw | — |c73
selection 1: Remote
125 | 325 | 525 | 725 | Expyypy |EXteMmalnormalinput |y, |0 Normalinput o | RW | — |c312
selection 1: External input
EXOUT/ |External/normal 0: Normal output
326 726 OUT  |output selection None 1: External output 0 RW — |C26
328 728 SPNO |SP number selection None |1to4 1 RW — [C4.1
131 | 331 | 531 | 731 | EXPV |Externalinput '”dL‘;:itt”a' -5 to 105% of (SL to SH) sL | RW | — |ca12
333 733 | RSP  |Remote set point '”dllj:itt”a' PRL to PRH PRL| RW | — |c42
OL to OH: for single output
334 734 MOUT [Manual output % 0 to OH: for heating/cooling 0 RW — |C7.2
output C7.4
335 735 | MOUTC |Manual cooling output % 0toOL 0 RW —
336 736 EXOUT |External output % -5.0 to 105.0% 0 RW — |C2.6
0: Automatic changeover
using temperature range
361 761 SELMD Two-input changeover| None |1: Automanc _ch_angeover 0 RW v
mode using upper limit
2: Manual changeover using
input selection c3.11
362 762 | SELH Iwoé'rnl‘i’;:tc“a”geo"er ndustrial [PRL o PRH if SELL < SELH, PR1L+ RW | v
T\F/)v[z)-in Ut chanaeover unit If SELL > SELH, changeover
363 763 SELL lower IiKr]n it 9 occurs with respect to SELH. | PRL RW v

In two-input changeover control mode, loops 1 and 2, or loops 3 and 4 form a pair; the
even-numbered loop (loop 2 or 4) takes control and the input process value switches
between the input process values of the odd-numbered loop and the even-numbered loop.

For the odd-numbered loop, only the PV-related functions are used.

For the even-numbered loop, the PV-related functions switch between the input process
value of the odd-numbered loop and the even-numbered loop. Changeover is performed
manually (using operation control parameters) or automatically (by specifying higher/lower
temperature ranges). When changeover is based on temperature ranges, the
odd-numbered loop covers the lower temperature range while the even-numbered loop
covers the higher temperature range.

For details on individual functional blocks, see Sections C3, "PV-related Functions," C4,
"SP-related Functions," C6, "Control and Computation Function," and C2, "Output-related
Functions."

TIP

The two-input changeover control mode uses two sets of PV processing functions, and is useful
especially for switching between two control targets according to the operating status, or switching
between two types of sensors according to the monitored temperature.
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B Two-input Changeover Control Operation

The odd-numbered loop uses only its PV-related functions. The even-numbered loop
uses all its functions: SP-related functions, control and computation function, and
output-related functions. Therefore, run/stop selection, automatic/manual selection, and
other operations are done with the even-numbered loop.

B Functional Limitations in Two-input Changeover Control

Table C1.8

Functional Limitations in Two-input Changeover Control

PV-related Functions

SP-related Functions

Output-related Functions

Odd-numbered loop

No limitations

Not available

Not available

Even-numbered loop

No limitations

No limitations

No limitations

See Also

C3, "PV-related Functions"

C4, “SP-related Functions”

C2, “"Output-related Functions”

B PV Range Setting

Setting the PV range for two-input changeover control requires special attention.

First, set up the PV range for each loop using the input range parameters RH and RL (or
the scaling parameters, SH and SL for DC voltage input). To combine two PV ranges into
one, set up the PV range parameters, PRH and PRL. This causes two inputs to be
combined and handled as one PV.

For details, see Sections C3, "PV-related Functions" and C4, "SP-related Functions." For
details on the two-input changeover control operation, see Section C3.11, "Two-input
Changeover."

Z@ CAUTION

The PV range upper and lower limits, PRH and PRL, are set by default to the input range
upper and lower limits, RH and RL, (or the scaling upper and lower limits, SH and SL, for
DC voltage input) of the even-numbered loop. Redefine PRH and PRL as required.
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Cl.4 Disabled Mode

The Disabled mode suspends one or both controller functions for a pair of two loops. The
‘Single Loop (odd-numbered loop disabled)’ controller mode disables the odd-numbered
loop. The Both Loops Disabled mode disables both loops of the pair. All controller
functions are deactivated for a disabled loop.

Even if a loop is disabled, functions for accessing, setting and controlling the loop are still
available. If an out-of-range value is written to a disabled loop, an error occurs. If a stored
parameter of a disabled loop is changed, the new parameter value is stored.

For a disabled loop, no input computation, PID computation or output computation is
performed; no input or output values are updated; and the alarm relays are forced to
OFF.

A disabled loop does not function even if its parameters are set.

A@lCAUﬂON

If the controller mode is set to ‘Single Loop (odd-numbered loop disabled)’, the
even-numbered loop acts as a Single Loop.

A@§CAUHON

The MD12 and MD34 (Controller Mode) registers are controller parameters. Changing a
controller parameter normally reverts all parameters of the module to their default values.
However, switching between the values 0, 3 and 4 (between the disabled-mode and
single-loop settings) of MD12 or MD34 does not initialize the parameters.
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C2. Output-related Functions

The output-related functions are used to set up output-related parameters and perform
output operation. The functions are broadly classified into two groups: output control and
output terminal selection.

- Output control functions set up parameters that affect the control and
computation results and perform output operations.

- Output terminal selection defines how individual output terminals are used.
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Table C2.1 Output-related Parameters (1/3)
Data Position Number - : Default :
Toopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored | See Also
61 AOUT1 0 RW —
62 AOUT2 0 RW —
63 AOUT3 0 RW —
64 AOUT4 -500 to 10500 0 RW —
0,
65 AOUT5 | Output preset value % 1(:5.00 o 105.00%) 0 RW — %%
66 AOUT6 0 RW —
67 AOUT7 0 RW —
68 AOUT8 0 RW —
87 OUTPUT Output type selection None Either open collector or aﬁ‘a"’g output may 0 RW v |C2.2
be selected for each terminal.
91 OUTSEL1 1 RW 4
92 OUTSEL2 2 RW v
93 OUTSEL3 14 Heati inuts 1-4 3 RW v
9% OUTSEL4 , . - neating outputs - 4 RW v
Output terminal selection | None |11-14: Cooling outputs 1-4 Cc23
95 OUTSELS 21-28: Output preset values 1-8 1 RW v
96 OUTSEL6 12 RW v
97 OUTSEL7 13 RW v
98 OUTSEL8 14 RW v
Table C2.1 Output-related Parameters (2/3)
Data Position Number - . Default ) See
Loopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored Also
OL to OH: for single output
0 — —
104 304 504 704 HOUT Control output % 0to OH: for heating/cooling output RO 227 .
105 305 505 705 cout Cooling control output % |0 to OL: for heating/cooling output — RO — o
121 321 521 721 RUN/STP Run/stop selection None |0: Stop, 1: Run 0 RW — |C11
122 222 52 72 AMIC Automatlc/manuallcascade None 0 Automatic, 1: Manual 0 RW _|cr2
selection 2: Cascade C1.4
126 | 32 | 526 | 726 | Exouriour |EXermaliormaloutput None |- Normal output 0 RW — |c2s
selection 1: External output
OL to OH: for single output
0 —
134 334 534 734 MOUT Manual output % 0to OH: for heating/cooling output 0 RW g;i
135 335 535 735 MOUTC Manual cooling output % [0toOL 0 RW — '
136 336 536 736 EXOUT External output % -5.0 to 105.0% 0 RW — |C26
0: PID control
. 1: ON/OFF control
4
141 341 541 741 oT Control type selection None 2: Heatinglcooling PID control 0 RW c2.1
3: Heating/cooling ON/OFF control
191 391 591 791 CT Cycle time Second 300 RW v |C24.2
192 | 392 | 52 | 7% CTc Cooling cycle ime Second |° 10 1200 (0.510120.09) 300 RW =
- 0: OFF, 1 to 100
-0f- [ ! v
193 393 593 793 MVR Rate-of-change limit %ls (0.1 to 100.0% per second) 0 RW C24.2
Table C2.1 Output-related Parameters (3/3)
Data Position Number - . .
Toopl | Loop? | Loop3 | Loopa Symbol Description Unit Data Range Default Value Attribute | Stored | See Also
209 409 609 809 1.0H Upper output limit 1000 RW v
% -5.0t0 105.0%if OL < OH.OL 0 (or 1000 for C2.42
210 | 410 | 610 | 810 1.0L  |Lower output limit ° is always output if OL > OH. heating/cooling RW v o
control)
212 | 412 | 612 | 812 | 1HYS ﬁy’\s‘/tgr';zigo”"o' Industrial unit |0 to (PRH - PRL) (PRH-PRL)X0.5% | RW v |c2a1
214 | 414 | 614 | 814 | 1GAIN.C [Cooling gain % 1t0 999 (1 to 999%) 100 RW v |c243
215 | 415 | 615 | 815 | LHYSC ﬁ;s‘;grr‘gsﬁN/OFF control | jngusrial unit |0 to (PRH - PRL) (PRH-PRL)X0.5% |  RW v |cos4
PID control: -10.0 to 10.0% of
. |(PRHPRL) , |c243
216 416 616 816 1.DB Dead band Industrial unit ONJOFF control: -50.0 to 50.0% of 0 RW Coaa
(PRH - PRL)
217 417 617 817 1.POUT _ |Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v c71
218 418 618 818 1.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v '
229 429 629 829 2.0H Upper output limit 1000 RW v
% -5.0t0 105.0%if OL < OH.OL 0 (or 1000 for 242
230 430 630 830 2.0L Lower output limit is always output if OL > OH. heating/cooling RW 4 o
control)
232 | 432 | 632 | 832 | 2HYS gy“é’tgr':e';gom“" Industrial unit |0 to (PRH - PRL) (PRH-PRL)X0.5% |  RW v |c241
234 434 634 834 2.GAIN.C _|Cooling gain % 110999 (1 to 999%) 100 RW 4 C2.4.3
235 | 435 | 635 | 835 | 2HYSC ﬁ;s‘;'e'rr‘gs?sN’OFF €ontrol | jngusrial unit |0 to (PRH - PRL) (PRH-PRL)X05% | RW v |c2a4
PID control: -10.0 to 10.0% of
. |(PRHPRL) , |c243
236 436 636 836 2.0B Dead band Industrial unit ONIOFF contral: -50.0 to 50.0% of 0 RW Coaa
(PRH - PRL)
237 437 637 837 2POUT _ [Preset output % -50 t0 1050 (-5.0 to 105.0%) 0 RW v c71
238 438 638 838 2.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v '
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Data Position Number - . .
Toopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Default Value Attribute | Stored | See Also
249 449 649 849 3.0H Upper output limit 1000 RW v
% -5.010 105.0% if OL < OH.OL 0 (or 1000 for C242
250 450 650 850 3.0L Lower output limit ° is always output if OL > OH. heating/cooling RW v o
control)
22 | 452 | 652 | 852 | 3HvVS ﬁy“;’tgri';g"”""' Industrial unit[0to (PRH - PRL) (PRH-PRL)x05% | RW v |c2a1
254 454 654 854 3.GAIN.C |Cooling gain % 110999 (1 to 999%) 100 RW v C2.4.3
255 | 455 | 655 | 855 | 3HYS.C ﬁ;s‘;'e'rr‘gs?sN/OFF €ontrol | jngusrial unit |0 to (PRH - PRL) (PRH-PRL)X0.5% |  RW v |c244
PID control: -10.0 to 10.0% of
. |(PRHPRL) , |caas
256 456 656 856 3.DB Dead band Industrial unit ONIOFF contral: -50.0 to 50.0% of 0 RW Coaa
(PRH - PRL)
257 457 657 857 3.POUT _|Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v __|Cl1
258 458 658 858 3.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v Cr.1
269 469 669 869 4.0H Upper output limit 1000 RW v
% -5.0t0 105.0%if OL < OH.OL 0 (or 1000 for C24.2
270 470 670 870 4.0L Lower output limit is always output if OL > OH. heating/cooling RW v |C63
control)
72 | 472 | 672 | 872 | 4HYS gy“;’tgr';';gom“" Industrial unit |0 to (PRH - PRL) (PRH-PRL)X0.5% |  RW v |c241
274 474 674 874 4.GAIN.C | Cooling gain % 1t0 999 (1 to 999%) 100 RW v |C243
215 | 415 | 675 | 875 | 4Hysc ﬁ;;grr‘gsgN/OFF €Nl | | dustrial unit |0 to (PRH - PRL) (PRH-PRL)X0.5% |  RW v |c2a4
PID control: -10.0 to 10.0% of
. |(PRHPRL) , |c2as3
276 476 676 876 4.DB Dead band Industrial unit ONIOFF control: -50.0 to 50.0% of 0 RW Coaa
(PRH - PRL)
277 477 677 877 4.POUT _ [Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v c71
278 478 678 878 4.POUT.C |Cooling preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v '

Changing the Output Type Selection (OUTPUT) parameter, the Output Terminal
Selection (OUTSEL 1-8) parameters, or the Control Type Selection (OT) parameter
automatically initializes related parameters. Therefore, always set up these parameters
before other parameters.

1@ CAUTION

The OUTPUT, OUTSEL 1-8, or OT setting must be enabled to take effect. For details on
how to enable settings, see Section B2.3, "How to Enable Settings.”
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C2.1

Control Type Selection

The Control Type Selection function selects the type of control and computation for a
controller.

You can use the Control Type Selection (OT) parameter to select one out of four types of
control and computation function. For details on each type of control and computation
function, see Sections C2.4.1, "ON/OFF Control Output" and C2.4.2, "PID Control
Output."

Table C2.2 Control Type Selection

Data Position Number - . Default -
Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
0: PID control
. 1: ON/OFF control
v
141 341 541 741 OT |Control type selection | None 2: Heating/cooling PID control 0 RW
3: Heating/cooling ON/OFF control

1@ CAUTION

C2.2

The OT setting must be enabled to take effect. For details on how to enable settings, see
Section B2.3, "How to Enable Settings."

Output Type Selection

The Output Type Selection (OUTPUT) parameter, available only with F3CU04-1S,
defines what type of output appears at the output terminals.

Set or reset bits of the OUTPUT parameter corresponding to individual terminals to select
either analog (4-20 mA current output) or open collector output for each terminal.

Table C2.3 Output Type Selection

Data Description Relationship between Bit and Terminal
Position Symbol . Data Range
Number Terminal | 158 | 7 [ 6 | 5|4 |3 |2 |1]|0
87 OUTPUT | Output — |—|—|—|—|—]—1]—1 Y | 0:Open collector output
type — | —=]1=]=]=1]=1—=1v]—] (default)
selection — | =] =] =] = v | — | — | 1: Analog output

(N[O |WIN|F-
I
I
I
I

Note: Setting a bit marked by ‘v” to 1 or O sets up analog output or open collector output for the corresponding terminal.

1@ CAUTION

The OUTPUT setting must be enabled to take effect. For details on how to enable
settings, see Section B2.3, "How to Enable Settings."
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C2.3

Output Terminal Selection

The output terminal selection (OUTSELn) parameters define whether each output
terminal outputs control output (HOUTn or COUTN) or analog output (AOUTnN). Analog
output allows manual analog output, which simply outputs a specified analog value, and
is available only with F3CU04-1S. Use the OUTSELn parameters (n is 1-4 for
F3CU04-0S, and 1-8 for F3CUO04-1S) to configure individual terminals.

Table C2.4  Output Terminal Selection Parameters (for F3CU04-0S)
Da}\z;tuFr’;)bs étrlon Symbol Description Ezgﬁjuelt Relationship between Setting and Output
91 OUTSEL1 | Output terminal 1 1 1 :HOUT.1 11 : COUT.1
92 OUTSEL2 | Output terminal 2 2 2 :HOUTZ2 12 : COUT.2
93 OUTSEL3 | Output terminal 3 3 3 :HOUT3 13 : COUT3
94 OUTSEL4 | Output terminal 4 4 4 :HOUT4 14 : COUTA4
Table C2.5 Output Terminal Selection Parameters (for F3CU04-1S)
Daﬁui?bsétr'on Symbol Description D\gﬁju;t Relationship between Setting and Output
91 OUTSEL1 | Output terminal 1 1 1 :HOUT1 21 : AOUT1
92 OUTSEL2 | Output terminal 2 2 2 :HOUT.Z2 22 : AOUT2
93 OUTSEL3 | Output terminal 3 3 3 :HOUT3 23 : AOUT3
94 OUTSEL4 | Output terminal 4 4 4 :HOUTA4 24 : AOUT4
95 OUTSEL5 | Output terminal 5 1 11 : COUT.1 25 : AOUT5
96 OUTSEL6 | Output terminal 6 12 12 - COUT.2 26 : AOUT6
97 OUTSEL7 | Output terminal 7 13 13 : COUT.3 27 1 AOUTY
98 OUTSEL8 | Output terminal 8 14 14 : couT4 28 @ AOUTS

Z@ CAUTION

L@ CAUTION

The OUTSEL 1-8 settings must be enabled to take effect. For details on how to enable
settings, see Section B2.3, "How to Enable Settings."

For F3CUO04-1S, an output terminal must be set to Analog Output (4-20 mA current
output) using the Output Type Selection (OUTPUT) parameter before it can be set to
output AOUTn using the Output Terminal Selection (OUTSELN) parameter. If an output
terminal is set to Open Collector using the Output Type Selection (OUTPUT) parameter,
and it is then set to output AOUTn, the open collector of that terminal is always 0 (off).
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C2.4

C24.1

Control Types and their Operations

Two control types are available: ON/OFF control output and PID control output.

ON/OFF Control Output

In ON/OFF control, the module turns on or off an output according to the deviation
between the control set point (CSP) and the PV. To set the control type to ON/OFF
Control, set the Control Type Selection (OT) parameter to 1. For details, see Section
C2.1, “Control Type Selection."

Table C2.6  1/O Registers related to ON/OFF Control

Data Position Number - . .

Loop 1 | Loop 2 | Loop 3 | Loop 4 Symbol Description Unit Data Range Default Value Attribute | Stored
212 412 612 812 |1.HYS RW v
232 432 632 832 |2.HYS |ON/OFF control |Industrial o RW v
252 | 452 | 652 | 852 |3.HYS |hysteresis unit |00 (PRH-PRL) |(PRH-PRL)x0.5% g,y %
272 472 672 872 |4.HYS RW v

Table C2.7 Input Relays related to ON/OFF Control
Input Relay Number
XOOCOnn Symbol Description Data Range
Loopl | Loop2 | Loop3 | Loop4
X05 X13 X21 X29 HOUT.R |Heating control output 0: OFF 1: ON

*1 000 denotes the slot number where the module is mounted.

The hysteresis parameters specify the minimum deviation of the PV from the control set
point, or the hysteresis that will trigger an ON-to-OFF or OFF-to-ON output transition.
The hysteresis is set for each controller loop in industrial unit. The following description of
hysteresis assumes that the Forward/Reverse Switch parameter is set to Reverse
Control. For details on forward control and reverse control, see Section C6.1, “Forward
Operation and Reverse Operation"

4 ON/OFF operation point
(control set point)

Y ON/OFF control

Output

ON —"—r:_ hysteresis
« 4
I
|
OFF | _____ - 4
|
|

|-
Ll

PV input
Figure C2.2 Schematic Diagram of ON/OFF Control (for reverse operation)

In ON/OFF control mode, the output turns off only when the PV exceeds the CSP by a
certain amount, and turns on again when PV is less than the CSP by a certain amount,
as shown by the arrows in the figure. The difference between the PV at which the output
turns off and the PV at which the output turns on is called hysteresis. If the hysteresis is
too small, chattering (output turning on and off too frequently) may occur. Increase the
hysteresis to prevent chattering as necessary.

IM 34M06H62-02E 2nd Edition : June 2008-00



C2-8

ON/OFF control
hysteresis

Control set point

Output

OFF

ON

OFF

ON

Figure C2.3 ON/OFF Control Operation Example (for reverse operation)

B Manual Operation

Time

In Manual mode, you can control the ON/OFF output manually by writing 100.0 or 0.0%

to the Manual Output (MOUT) parameter.

TIP

If you set MOUT to a value smaller than 0.0%, the value is treated as 0.0%. If the preset value is 0.1%

or larger, it is treated as 100.0%.

Z@ CAUTION

- The output limiter is disabled.
- The rate-of-change limit is disabled.
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C2.4.2

PID Control Output

In PID control output, the module continuously adjusts its output according to the
deviation between the control set point (CSP) and the PV. To select PID control output,
set the Control Type Selection (OT) parameter to 0. For details, see Section C2.1,
“Control Type Selection.”

There are two types of PID control output, namely, time-proportional PID control output
and continuous PID control output, which can be specified for each terminal. To configure
a terminal for time-proportional PID control, set the Output Type Selection (OUTPUT)
parameter to Open Collector. To configure a terminal for continuous PID control, set the
Output Type Selection (OUTPUT) parameter to Analog Output. For details on the control
and computation function and various PID parameters, see Section C6, "Control and
Computation Function.”

B Time-proportional PID Control Output

In time-proportional PID control mode, the PID computation result, HOUT, is output after
it is converted to ON/OFF duty cycle as defined by the Cycle Time (CT) parameter. 100%
duty cycle means “always on”, 0% duty cycle means “always off’, and 25% duty cycle
means “on for 25% and off for 75% of the cycle time”. In heating/cooling control
operation, the PID computation result, COUT, is output after it is converted to ON/OFF
duty cycle as defined by the Cooling Cycle Time (CTc) parameter.

Table C2.8 1/0O Registers Related to Time-proportional PID Control

Data Position Number L . Default :
Symbol Description Unit Data Range Attribute | Stored

Loop 1| Loop 2 | Loop 3 | Loop 4 Value

104 | 304 | 504 | 704 |HOUT |Control output o |OL 10 OH: for single output — RO | —

0 to OH: for heating/cooling output
191 391 591 791 CT |[Cycle time S 300 RW v
102 | 392 | 592 | 792 | CTc |Cooling cycle time | s |° ©© 1200 (0.510120.05) 300 RW | v
Table C2.9 Input Registers Related to Time-proportional PID Control
Input Relay Number
XOOOnn Symbol Description Data Range

Loop1|Loop2| Loop3 | Loop4

X05 | X13 X21 X29 HOUT.R |Heating control output 0: OFF 1: ON

X06 | X14 X221 X30 COUT.R |Cooling control output 0: OFF 1: ON

*1 000 denotes the slot number where the module is installed.

A smaller Cycle Time (CT) parameter value means finer control. However, too short a
cycle time means frequent ON/OFF operations, which may shorten the life of a relay,
which is used as an output element. We recommend setting CT to around 10-30 s when
using mechanical relay output.

The resolution of the CT setting is 0.5 s. If you specify an intermediate value, the value
will be truncated appropriately. For example, if you specify 20.6 s for CT, the value is
treated as 20.5 s.

IM 34M06H62-02E 2nd Edition : June 2008-00



C2-10

Control output defines the
on/off ratio of cycle time.

Cycle time

25 %)
75% ~75%on Qof} (4§ 4 ]

50% |

Control output

25%
25% on 75% off

Time

Figure C2.4 Time-proportional PID Control Output

B Continuous PID Control Output

In continuous PID control, the PID computation result, HOUT, is output as a continuous
analog signal in the form of a 4-20 mA current.

Table C2.10 1/O Registers Related to Continuous PID Control

Data Position Number Default

Loop 1| Loop 2

Loop 3 | Loop 4 Value

Symbol Description Unit Data Range Attribute | Stored

104

304

OL to OH: for single output
0, R I
504 704 HOUT | Control output % 0 to OH: for heating/cooling output RO

1@ CAUTION

Continuous PID control is available only with F3CU04-1S.

TIP

Time-proportional PID control output and continuous PID control output differ only in the output type. To
configure a terminal for time-proportional PID control, set the Output Type Selection (OUTPUT)
parameter to Open Collector. To configure a terminal for continuous PID control, set the Output Type
Selection (OUTPUT) parameter to Analog Output (4-20 mA current output).

TIP

The output of an output terminal also depends on the Output Terminal Selection parameter. For details
on output terminal selection, see Section C2.3, "Output Terminal Selection."
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B Output Limiter

The output limiter defines the range for the output control value by specifying the upper
and lower output limits, which may be defined for each loop or each PID parameter
group.

Table C2.11  Output Limiter Registers

Loop lDatI:aOIZcF))szltlorljcl)\loupn;berLoop 7 Symbol Description Unit Data Range D\gﬁjgt Attribute | Stored
209 409 609 809 1.0H |[Upper output limit % -5.0 t0 105.0% if OL < OH. 1000 RW 4
210 410 610 810 1.0L |[Lower output limit OL is always output if OL > OH. 0 RW v
229 429 629 829 2.0H |Upper output limit % -5.0 t0 105.0% if OL < OH. 1000 RW v
230 430 630 830 2.0L |Lower output limit OL is always output if OL > OH. 0 RW 4
249 449 649 849 3.0H |Upper output limit % -5.0 t0 105.0% if OL < OH. 1000 RW v
250 450 650 850 3.0L |Lower output limit OL is always output if OL > OH. 0 RW 4
269 469 669 869 4.0H |Upper output limit % -5.0 t0 105.0% if OL < OH. 1000 RW 4
270 470 670 870 4.0L |Lower output limit OL is always output if OL > OH. 0 RW v

(% .
105.0 7
P Vd
s

Actual output
from terminal

/ Upper output limit e

Actual output range

Lower
output limit
e R S
1 Bl
| |
7/
v |
e I Defined |
s | range '
e [ |
- n.OL n.OH
d v v |
-5. . 105.0 (9
f 0 Maximum ,0 >0 (%)

available range

Figure C2.5 Output Limiter

1@ CAUTION

In stop mode, the output limiter is disabled. The module outputs the preset value, POUT.
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B Rate-of-change Limit

The rate-of-change limit prevents drastic changes in the output by defining the maximum

rate of change allowed in the control output. This function is useful for protecting a
controlled load or machine.

For example, supposing that the rate-of-change is set to 2% per second, even if the PID

computation result changes instantly from 0 to 100%, the actual output changes linearly
from 0 to 100% over a duration of 50 s.

100% 4 Actual rate of
change in output

Rate-of-ch limi
Controlled ate-of-change limit

=2.0% per second
output
A o

50s
0% >
Time

Figure C2.6  Rate-of-change Limit

Table C2.12 Rate-of-change Limit Parameter

Data Position Number - : Default :
Loop L | Loop 2 | Loop 3 | Loop 4 Symbol Description Unit Data Range Value | Attribute | Stored
— 0: OFF
-of- 9 v
193 393 593 793 | MVR |Rate-of-change limit | %/s 1 to 1000 (0.1 to 100.0% per second) 0 RW

1@ CAUTION

The rate-of-change limit is disabled in the following situations:
- When the Run/Stop Selection is set to Stop
- When the Automatic/manual/cascade Selection is set to Manual

- If burnout or AD converter error is detected when the Automatic/manual/cascade
Selection is set to Automatic (see Section C10, "Self-diagnosis Function™)

- When heating/cooling PID control is selected.
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C2.4.3

Heating/Cooling PID Control

In Heating/Cooling PID Control, the module computes its output according to the
deviation between the control set point (CSP) and the PV, and outputs the PID
computation result as heating and cooling outputs. To select Heating/Cooling PID
Control, set the Control Type Selection (OT) parameter to 2. For details, see Section
C2.1, “Control Type Selection.”

A large PID computation result is output as a heating output, whilst a small PID
computation result is output as a cooling output. A dead band, with no heating and
cooling outputs, can be defined using the Dead Band (DB) parameter. If DB is set to a
negative value, both heating and cooling outputs are generated in the dead band. If the
heating and cooling capacities of a process differ, you can define a cooling gain to
balance the heating and cooling control loop gains.

A Heating output limit Cooling output limit 4

(100%) (100%)~_

100% 1 100%

Proportional band

|
|
|
|
|
|
|
|
| Cooling gain =2
|

| Larger gain

Heating output Cooling output

Smaller gain

iead baﬂd !

(20%)

0%

I
I
|,
110% 60% 50% | 15%
I
I

| 0%

PID computation o |
result PID upper limit : : PID lower limit
] ! |
! ' Dead band !
: . 20C | 1 .
-100°C -60°C -10°C ! 10°C 35°C

00°C
PV input
0°C
Control set point (0°C)

PRL to PRH =-100 to 100°C, integral time = OFF, derivative time = OFF, manual reset = 0%

Figure C2.7 Heating/Cooling Operation in P Control

TIP

Heating and cooling output values are calculated as follows:
- Heating output = (PID computation result - dead band [%]/2 - 50%) x 2
- Cooling output = (50% - PID computation result - dead band [%]/2) x 2 x cooling gain
where dead band [%] is converted from industrial unit to percentage as follows:
Dead band [%] = ((dead band in industrial unit)/(PRH - PRL) x 100%) x 100%/(proportional band x 2)

TIP

In P control, the PID computation result is obtained as follows:
PID computation result = 100/proportional band x (CSP - PV) + manual reset value/2 + 50%

where 50% is added so that both the heating and cooling output values will be 0 when the deviation
(CSP-PV)is 0. This 50% is not added in PID control.
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Table C2.13 Parameters Related to Heating/Cooling PID Control (1/2)
Data Position Number - . .
Loop 1] Loop 2| Loop 3] Loop 4 Symbol Description Unit Data Range Default Value | Attribute | Stored
OL to OH: for single output
134 | 334 | 534 | 734 | MOUT |Manual output % 0 to OH: for heating/cooling 0 RW —
output
135 | 335 | 535 | 735 | MOUTC ('\)"uigﬂf" cooling % |0toOL 0 RW | —
206 | 406 | 606 | 806 1.PB |Proportional band % 1 t0 9999 (0.1 to 999.9%) 50 RW v
207 | 407 | 607 | 807 1.TI Integral time S 0: OFF, 1 to 6000 (1 to 6000 s) 240 RW v
208 | 408 | 608 | 808 1.TD |Derivative time S 0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
209 | 409 | 609 | 809 | 1.0H gfg%;?:;f:tte'r'q't for 1000 RW | v
- 04 |
Lower output limit for % gL?stglvtgyssgu/&Jgt(l?l(_)li 8: 0 (or 1000 for
210 | 410 | 610 | 810 1.0L PID parameter 1 - heating/ RW v
cooling control)
211 | 411 | 611 | 811 1.MR [Manual reset value % -5.0 to 105.0% 500 RW 4
214 | 414 | 614 | 814 |1.GAIN.C|Cooling gain % 1t0 999 (1 to 999%) 100 RW v
PID control: -10.0 to 10.0% of
Industrial |(PRH - PRL)
216 | 416 | 616 | 816 1.DB |Dead band unit . |ONJOEE control: -50.0 to 0 RW v
50.0% of (PRH - PRL)
217 | 417 | 617 | 817 | 1.POUT |Preset output %  [-50 to 1050 (-5.0 to 105.0%) 0 RW %
218 | 418 | 618 | 818 | LPOUTC OC&‘;'LTQ preset %  |-50to 1050 (-5.0 to 105.0%) 0 RW | v
226 | 426 | 626 | 826 2.PB  |Proportional band % 1 to 9999 (0.1 to 999.9%) 50 RW v
227 | 427 | 627 | 827 2.7l Integral time s 0: OFF, 1 t0 6000 (1 to 6000 s) 240 RW v
228 | 428 | 628 | 828 2.TD |Derivative time S 0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
229 | 429 | 629 | 829 2.0H |Upper output limit 1000 RW v
o % -S.Q to 105.0% if QL < OH. 0 (qr 1000 f_or
230 | 430 | 630 | 830 2.0L |Lower output limit OLis always outputif OL>OH. | heating/cooling| RW v
control)
231 | 431 | 631 | 831 2.MR |Manual reset value % -5.0 to 105.0% 500 RW v
234 | 434 | 634 | 834 | 2.GAIN.C |Cooling gain % 1t0 999 (1 to 999%) 100 RW 4
PID control: -10.0 to 10.0% of
Industrial |(PRH - PRL)
236 | 436 | 636 | 836 2.DB |Dead band unit . |ONJOEE control: -50.0 to 0 RW v
50.0% of (PRH - PRL)
237 | 437 | 637 | 837 | 2POUT [Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW 4
238 | 438 | 638 | 838 |2POUTC OC&%'LTQ preset % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
246 | 446 | 646 | 846 3.PB_ |Proportional band % 1 to 9999 (0.1 to 999.9%) 50 RW v
247 | 447 | 647 | 847 3.TI _ [Integral time s 0: OFF, 1 to 6000 (1 to 6000 s) 240 RW v
248 | 448 | 648 | 848 3.TD  |Derivative time S 0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
249 | 449 | 649 | 849 3.0H |Upper output limit 1000 RW v
o % -S.Q to 105.0% if QL < OH. 0 (or IQOO for
250 | 450 | 650 | 850 3.0L |Lower output limit OL is always output if OL > OH. heating/ RW v
cooling control)
251 | 451 | 651 | 851 3.MR |Manual reset value % -5.0 to 105.0% 500 RW v
254 | 454 | 654 | 854 | 3.GAIN.C [Cooling gain % 1 to0 999 (1 to 999%) 100 RW v
PID control: -10.0 to 10.0% of
Industrial |(PRH - PRL) v
256 | 456 | 656 | 856 3.DB |Dead band unit  |ON/OEE control: -50.0 to 0 RW
50.0% of (PRH - PRL)
257 | 457 | 657 | 857 | 3.POUT |Preset output % -50 to 1050 (-5.0 to 105.0%) 0 RW v
258 | 458 | 658 | 858 |3.POUT.C OC&%'LTQ preset %  |-50 to 1050 (-5.0 to 105.0%) 0 RW v
266 | 466 | 666 | 866 4.PB  |Proportional band % 1 t0 9999 (0.1 to 999.9%) 50 RW v
267 | 467 | 667 | 867 4.TI Integral time S 0: OFF, 1 to 6000 (1 to 6000 s) 240 RW v
268 | 468 | 668 | 868 4.TD |Derivative time S 0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
= "
269 | 469 | 669 | 869 4.0H |Upper output limit 5.0 t0 105.0% if - (0;15)880 = RW
270 | 470 | 670 | 870 | 4.0L |Lower output limit % |OL <OH heatinglcooling| RW | v
’ OL is always output if OL > OH. control)
271 | 471 | 671 | 871 4.MR  |Manual reset value % -5.0 to 105.0% 500 RW v
274 | 474 | 674 | 874 | 4.GAIN.C |Cooling gain % 1to 999 (1 to 999%) 100 RW v
PID control: -10.0 to 10.0% of
Industrial |(PRH - PRL) v
276 | 476 | 676 | 876 4.DB |Dead band unit  |ONJOEE control: -50.0 to 0 RW
50.0% of (PRH - PRL)
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Table C2.13 Parameters Related to Heating/Cooling PID Control (2/2)

Data Position Number - . Default !
Loop 1] Loop 2| Loop 3] Loop 4 Symbol Description Unit Data Range Value Attribute | Stored
-50 to 1050
0 v
277 | 477 | 677 | 877 4.POUT |[Preset output % (-5.0 to 105.0%) 0 RW
. -50 to 1050
v
278 | 478 | 678 | 878 | 4POUT.C |Cooling preset output % (-5.0 t0 105.0%) 0 RW
@l CAUTION
The rate-of-change limit is disabled in heating/cooling PID control.
Table C2.14 Input Relays Related to Heating/Cooling PID Control
Input Relay Number
XOO0Onn * Symbol Description Data Range
Loopl | Loop2 | Loop3 | Loop4
X05 | X13 | X20 | X29 | HOUT.R |Heating control output 0:OFF 1:0ON
X06 | X14 | X21 | X30 | COUT.R |Cooling control output 0:OFF 1:0ON

*1 OO0 denotes the slot number where the module is installed.
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B Dead Band

When a positive dead band value is specified, no heating and cooling output is generated

within the dead band.

A

100%

Heating
output

0%

<

Dead band
(positive)

100%

Cooling
output

0%

PID computation result

(o2
Q
R

»

-100°C Control set point (0°C) 00°C
PV input
PRL to PRH =-100°C to 100°C, integral time = OFF, derivative time = OFF, manual reset = 0%
Figure C2.8 Positive Dead Band (for P control)

When a negative dead band value is specified, both heating and cooling outputs are

generated

A

100% 1

and overlap within the dead band.

Dead band
(negative)
.~

100%

I
I
I
Heating ! Cooling
output \ output
I
I I
I I
I I
I I
I I
. I I
“ VAREAY 0%
PID computation result \r 50% T‘
I | I
-100°C Control set point (0°C) 100°C

PV input

PRL to PRH =-100°C to 100°C, integral time = OFF, derivative time = OFF, manual reset = 0%

Figure C2.9 Negative Dead Band (for P control)
Table C2.15 Dead Band in Heating/Cooling PID Control
Data Position Number - . Default ;

Loop1 ] Loop 2 | Loop 3 | Loop 4 Symbol | Description Unit Data Range Value Attribute | Stored
216 416 616 816 1.DB For PID control: 0 RW v
236 436 636 836 2.DB Dead band Industrial {-10.0 to 10.0% of (PRH - PRL) 0 RW v
256 456 656 856 3.DB unit For ON/OFF control: 0 RW v
276 476 676 876 4.DB -50.0 to 50.0% of (PRH - PRL) 0 RW v

Z@ CAUTION

Although the setting range of the dead band (DB) is £10.0% of (PRH - PRL), if a specified
value is beyond x(proportional band) (xPB), it is further limited to within +(PB) in PID
computation.
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Setting the Cooling Gain

In heating/cooling PID control, control output is calculated based on heating parameters.
Parameters other than proportional band, namely, integral time and derivative time, are
common to both heating and cooling output calculations. The proportional band for
cooling output is adjusted using the cooling gain as follows:

- Proportional band for heating output = Proportional band
- Proportional band for cooling output = Proportional band + cooling gain

For example, with the cooling gain set to 200% in P control with manual reset = 0%, if a
deviation produces 10% heating output, the same deviation in the reverse direction will
produce 20% cooling output.

i PB for coolin
100% PB for heating - . ! g .,
=PB = PB + cooling gain 'o
) . |
Cooling gain |
|
|
|
e
'
‘:l Cooling gain
‘o | =100%
i I .
Heating ¢ | Cooling
o |
output s | output
|
|
|
|
|
|
0% : 0%
TOO% 50% 25% 0%
PID computation result i : :
L | L »
-100°C . 100°C
0°c PV input

Control set point
PRL to PRH =-100°C to 100°C, integral time = OFF, derivative time = OFF, manual reset = 0%, dead band = 0

Figure C2.10 When Cooling Gain is Larger Than 100%

A A
100% - PB fc:rggatlng ot PB for cooling PI? cooling gain 100%
| - | U
| | L
| | e

| ! ; ; | ;
| I Cooling gain Smaller gain
| I =100% ’ |
| ! ’ |
I ! ’ I
| ! ’ |
| ! ’ |
I ! ’
| | 4 Cooling gain
! ! ) ! =50%
i | 4 .
Heating 1 | J ! Cooling
|
output | | ' ! output

| ! ’ |
| ! ’ |
| ! ’ |
| [ |
| Ly |

o | LY |

0% | | | 0%
| 100% 50% 0% -50%
PID computation result | i | !
. ! | : ¢
-100°C 0°C 100% PV input

Control set point

PRL to PRH = -100°C to 100°C, integral time = OFF, derivative time = OFF, manual reset = 0%, dead band = 0
Note: This is only a conceptual diagram. In real operation, the PV input cannot assume a value of 150°C when the input range
upper limit is set to 100°C.

Figure C2.11  When Cooling Gain is Smaller Than 100%
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Table C2.16  Cooling Gain in Heating/Cooling PID Control

Data Position Number - . Default .

Toop 1] Loop 2 | Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute | Stored
214 414 614 814 1.GAIN.C 100 RW v
234 434 634 834 | 2.GAIN.C . . 100 RW 4

0, 0,
254 | 454 | 654 | 854 |3.GAIN.C |-00ng gain % |110999 (110999%) 100 | RW | v
274 474 674 874 | 4.GAIN.C 100 RW v
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B Manual Operation

In Manual mode, the output from the module is determined by the Manual Output
(MOUT) parameter or the Manual Cooling Output (MOUTC) parameter, either of which
can be set manually. The heating output range is between 0% and the Upper Output
Limit (OH), and the cooling output range is between 0% and the Lower Output Limit (OL).

Changing heating output automatically changes cooling output, and vice versa,
according to the values of the dead band and the cooling gain. If the dead band is
positive, changing heating output causes cooling output to become 0%, and vice versa. If
the dead band is negative, changing heating output within the dead band causes cooling
output to be changed according to the cooling gain, and vice versa.

When Manual mode is switched to Automatic mode, “bump-less” control, without sudden
change in output, begins. However, if the cooling output is less than the Lower Output
Limit (OL) because of a small cooling gain setting, the cooling output would be at OL, that
is, the cooling output will “bump” to OL when switching from Manual mode to Automatic
mode.

Table C2.17 Manual Heating/Cooling PID Control

Data Position Number - . Default .
Loop 1] Loop 2 | Loop 3 | Loop 4 Symbol Description Unit Data Range Value Attribute | Stored
OL to OH: for single output
134 | 334 | 534 | 734 | MOUT |Manual output % |0 to OH: for heating/cooling 0 RW —
output
135 | 335 | 535 | 735 | MOUTC OMU"’;Bﬂf" cooling % |0toOL 0 RW | —

Z@ CAUTION

To set the heating and cooling outputs separately, you can switch to Stop mode and
change the preset output. However, do not update these preset output parameters
continuously (as ramp waveform data) because they are stored parameters and are thus
automatically written to the EEPROM whenever updated, but the EEPROM has a
maximum limit on the number of write operations.
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B Heating/Cooling Control Output Limits

The upper limit of the heating output is defined with the Upper Output Limit (n.OH)
parameter (where n: 1-4), and the upper limit of the cooling output is defined with the
Lower Output Limit (n.OL) parameter (where n: 1-4). The lower limit of the heating or
cooling output is fixed at 0%.

Table C2.18 Heating/Cooling Control Output Limits

Loop 1DatLaO|:;cFJ)szitiorlj;\loupn;berl_oop 7 Symbol Description Unit Data Range D\gﬁjuelt Attribute | Stored
210|420 | 610 60 | SOl Jiowerouputime | % [°'010500:001050% | —o0——gi——
50| aa0 | aa0 | a0 | 201 [Lowsrouputimp | % |°01050(00101050%) | o5y ——
350 | 450 | 650 | 850 | 3.0L [Lower ouputimit | % ['01050(00001050%) | 506y ——
zoo [ teo oo | ooy | aon merounaini |, om0 powaoson) |00 | R

1@ CAUTION

In Automatic mode, depending on the dead band and cooling gain preset values,
sometimes the cooling output will never reach the Lower Output Limit (n.OL) (n: 1-4).

TIP

In Automatic mode of heating/cooling PID control, the output range is defined by restricting the PID
computation result within upper and lower limits that are calculated from the specified upper and lower
output limits as follows:

- Upper limit for PID computation result =
upper output limit (n.OH) (n: 1-4)/2 + dead band [%]/2 + 50%

- Lower limit for PID computation result =
50% - lower output limit (n.OL) (n: 1-4)/(2 x cooling gain) - dead band [%]/2

where the dead band is converted from industrial unit to percentage as follows:
Dead band [%] = ((dead band in industrial unit)/(PRH - PRL) x 100%) x 100%/(proportional band x 2).

The PID computation result is further restricted within +200%. Therefore, even if the computed lower
limit for PID computation result is less than -200%, the PID computation result is still limited by -200%
and so is the cooling output.
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C2.4.4 Heating/Cooling ON/OFF Control

In Heating/Cooling ON/OFF Control, the module turns on or turns off the heating or
cooling output depending on the deviation between the control set point (CSP) and the
PV. To select Heating/Cooling ON/OFF Control, set the Control Type Selection (OT)

parameter to 3. For details, see Section C2.1, "Control Type Selection.”

The value of the heating or cooling output is either 0% or 100%.

You can specify a dead band around the CSP for turning on the heating and cooling

outputs.

You can also specify a hysteresis for on/off or off/on transitions in the heating or cooling

output.

Conditions for turning on and turning off heating control output
On condition: (CSP - PV) > DB/2 + HYS/2
Off condition: (CSP - PV) < DB/2 - HYS/2

Conditions for turning on and turning off cooling control output
On condition: (CSP - PV) <-(DB/2 + HYS.C/2)
Off condition: (CSP - PV) > -(DB/2 - HYS.C/2)

A 100% (ON)
HYs.C . Cooling output
«+—+—»] Cooling

|
1 |

| v ' 0% (OFF)
| u
' Dead band ) !
| (positive) |
100% (ON) . |
A |
! I

s
Heating output < |
= bl |
Heating : |
|
0% (OFF |
6 (OFF) ! ' |
|
0% Control set point 100%,

>
PV

Figure C2.12 Heating/Cooling ON/OFF Control (with positive dead band)

y Y 100% (ON)
HYS.C
- - | Cooling output
| Cooling
H |
Yy !
| t 0% (OFF)
¢ Dead band » !
| (negative) |
100% (ON) . r
[ A
! l
} ! HYS
Heating output Heating | -t T >
|
! l
0% (OFF) : 1 \
0% Control set point 100%
>

PV

Figure C2.13 Heating/Cooling ON/OFF Control (with negative dead band)
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B Manual Operation

In Manual mode, the output from the module is determined by the Manual Output
(MOUT) parameter or the Manual Cooling Output (MOUTC) parameter, which you can
set manually. You may set MOUT and MOUTC independently. The value of MOUT or

MOUTC must be either 0.0% or 100.0%.

Table C2.19 Parameters Related to Heating/Cooling ON/OFF Control
Data Position Number - . Attribut
Toop 1] Loop 2 | Loop 3| Loop 4 Symbol Description Unit Data Range Default Value e Stored
212 412 612 812 LHYS ON/OFF_controI Indus_tnal 0'to (PRH - PRL) (PRH - PRL) x RW v
hysteresis unit 0.5%
215 | 415 | 615 | 815 |1Hys.c|Co0ling ON/OFF i industrial |\ ooy pryiy (PRH-PRLIX | oy | v
control hysteresis unit 0.5%
Industrial [ON/OFF control: -50.0 to
v
216 416 616 816 1.DB |Dead band unit 50.0% of (PRH - PRL) 0 RwW
232 | 432 | 632 | 832 | 2.Hys |ONOFF control | Industrial |\ ooy priy (PRH-PRLX | oy | v
hysteresis unit 0.5%
235 | 435 | 635 | 835 |2.Hys.c|C00Ing ONJOFFE —findustrial|, ) ppyy_ pRy) (PRH-PRL)X | oy | v
control hysteresis unit 0.5%
Industrial [ON/OFF control: -50.0 to
v
236 436 636 836 2.DB |Dead band unit 50.0% of (PRH - PRL) 0 RW
259 452 652 852 3.HYS ON/OFF_controI Indus}r|al 0to (PRH - PRL) (PRH - PRL) x RW v
hysteresis unit 0.5%
255 | 455 | 655 | 855 |3Hysc |Cooling ON/OFF | industrial |\ ooy priy (PRH-PRL)X | oy | v
control hysteresis unit 0.5%
Industrial [ON/OFF control: -50.0 to
v
256 456 656 856 3.DB |Dead band unit  |50.0% of (PRH - PRL) 0 RW
272 472 672 872 AHYS ON/OFF_control Indus_trlal 0'to (PRH - PRL) (PRH - PRL) x RW v
hysteresis unit 0.5%
275 | 475 | 675 | 875 |anys.c|Cooling ON/OFF | industial |\ ooy pryy (PRH-PRL)X | oy | v
control hysteresis unit 0.5%
Industrial [ON/OFF control: -50.0 to
v
276 476 676 876 4.DB |Dead band unit 50.0% of (PRH - PRL) 0 RW
TIP

If you set the Manual Output (MOUT) parameter or the Manual Cooling Output (MOUTC) parameter to a
value smaller than 0.0%, that value is treated as 0.0%. If the preset value is 0.1% or larger, it is treated as

100.0%.

Z@ CAUTION

The output limiter and rate-of-change limit is disabled in heating/cooling ON/OFF control.

Table C2.20 Input Relays Related to Heating/Cooling ON/OFF Control
Input Relay Number
XOOOnn Symbol Description Data Range
Loop 1|Loop 2| Loop 3 | Loop 4
X05 | X13 X21 X29 HOUT.R |Control output (time-proportional or ON/OFF control) 0: OFF 1: ON
X06 | X14 | X221 X30 COUT.R |[Cooling control output (time-proportional or ON/OFF control) 0: OFF 1: ON

*1

OO0 denotes the slot number where the module is installed.
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C2.5 Analog Output

The analog output function is available only with F3CU04-1S.

If an output terminal is not used as a control output, it may be configured for an analog
output (4-20 mA).

To configure an output terminal for analog output, set its corresponding bit in the Output
Type Selection (OUTPUT) parameter to 1 (Analog Output), and set the corresponding
Output Terminal Selection (OUTSELN) parameter (n = 1-8) to an integer ranging from 21
to 28 corresponding to AOUT1-8. To output a desired analog output level (4-20 mA), set
the corresponding Output Preset Value (AOUTnN) parameter (n = 1-8) to the desired
value.

N
o

Continuous output (mA)
T

IN
T
I

|

|

| | | | | |
0 0 50 100
Output preset value (%)

Figure C2.14 Relationship between Output Preset Value and Continuous Current Output

Table C2.21 Parameters Related to Analog Output (1/2)

Loop lDlatLingszltllol_no’c\:;r;Telr_oop 2 Symbol Description Unit Data Range Dve;ﬁljuelt Attribute | Stored
61 AOUT1 0 RW —
62 AOUT2 0 RW —
63 AOUT3 0 RW —
64 AOUT4 Output preset value % -500 to 10500 0 RW —
65 AOUTS (-5.00 to 105.00%) 0 RW —
66 AOUT6 0 RW —
67 AOUT7 0 RW —
68 AOUT8 0 RW —

Table C2.21 Parameters Related to Analog Output (2/2)
Loop 1D|atLa(1J(|ch)Jsélt||0Lr1O§:r131t|)e[00p 2 Symbol Description Unit Data Range [igﬁ:gt Attribute | Stored
Output type Either open collector or analog
87 OUTPUT - None |output may be selected for each 0 RW v
selection :
terminal.
91 OUTSEL1 1 RW v
92 OUTSEL2 2 RW v
93 OUTSEL3 . . 3 RW v
94 OUTSEL4_|Output terminal 1 to 4: Heating output 1-4 4 RW | v
. None |11 to 14: Cooling output 1-4
95 OUTSELS |selection 21 to 28: Output preset value 1-8 i1 RW v
96 OUTSEL6 ’ 12 RW v
97 OUTSEL7 13 RW v
98 OUTSEL8 14 RW v

1@ CAUTION

The analog output function is available only with F3CU04-1S.
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C2.6

External Output
You may switch the output between Control Output (HOUT) and External Output
(EXOUT) using the EXOUT/OUT parameter.

When EXOUT/OUT is set to 0 (Normal output), the PID computation result or some other
control and computation result is output.

When EXOUT/OUT is set to 1 (External output), the output value specified by the
External Output (EXOUT) parameter is output. EXOUT is not constrained by the upper or
lower output limit.

As an example, a sequence CPU may read the value of HOUT, correct or otherwise
process the value, and then write the processed value to EXOUT.

Table C2.22 Parameters Related to External Output

Data Position Number - . Default ]
Loop 1| Loop 2| Loop 3] Loop 4 Symbol Description Unit Data Range Value Attribute | Stored
126 326 526 726 |EXOUT/IOUT Exterqal/normal output None 0 Normal output 0 RW .
selection 1: External output
136 | 336 | 536 | 736 EXOUT |External output % -5.0 to 105.0% 0 RW —

Z@ CAUTION

Do not use the following functions when external output is selected.
- Auto-tuning
- ON/OFF control
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C3. PV-related Functions

PV-related functions are used to set up and control inputs.
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PV-related functions perform

input-related processing. They also perform

processing for two-input changeover control, which uses two types of input to

achieve wide-range measurements.

(CEXRJC.n)

RJC.n ) |
BSL )

T

IN.n
FREQ

C3.1 Input type selection

»{ Input type selection |

C3.2 Power frequency selection

C3.6 Reference junction compensation

C358 t detecti
C rRen X RLn DEC.P.n )--1 + urnout detection
C sSHn X SL.n SDP.n S — #{ Input range conversion | C3.3 Input range setting
------------ |  Fixed biasing | 3.8 Fixed biasing
v
-‘- ------- >| Square root extraction | C3.9 Square root extraction
G GBS G v
C Yin X Y2n X Y3.n )-@------- #{ Broken-line biasing | C3.7 Broken-line biasing
FL.n C3.10 Input filtering

C3.12 External input

'n' denotes a channel number,
ranging from 1 and 4.

Two-input changeover

CX ¥ Py

INe 8

con?

PV range

[) PV.e ]

Normal input

".0" here denotes an odd channel
number, where "0"is 1 or 3. ".e"
here denotes an even channel

number, where "e" is 2 or 4. Only
channels 1 and 2, or 3 and 4 can

be combined.

C3.11 Two-input changeover

C3.4 PV range setting

Figure C3.1 Block Diagram of PV-related Functions

) Input register

‘Sececcscace?

:) 1/0 register
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Parameters related to the preceding block diagram are described below.

Table C3.1  PV-related Parameters
Data Position Number - . .
Symbol Description Unit Data Range D\}eflault Attribute | Stored ASIee
Loop 1|Loop 2|Loop 3|Loop 4 alue SO
101 301 501 701 PVIN _|Input process value Industrial unit {-5.0% to 105.0% of (SL to SH) — RO —
102 302 502 702 PV |Process value Industrial unit|-5.0% to 105.0% of (PRL to PRH) — RO — c3
Input selection (only valid for 0: Input 1 _
323 23 INSEL two-input changeover control) None 1: Input 2 0 RW caal
. ) 0: Normal input
125 325 525 725 |EXPV/PV |External/normal input selection None 1: External input 0 RW — |32
131 331 531 731 EXPV  |External input Industrial unit | From -5.0% to 105.0% of (SL to SH) SL RW —
132 332 532 732 EXRJC |Reference junction temperature | Industrial unit|-100 to 700 (-10.0°C to 70.0°C) 0 RW — C3.6
1-31 and 33-56 Depends
142 342 542 742 IN Input type selection " None For details, see Table A4.1, on switch RW v c31l
"Input Type Selection." setting
143 343 543 743 RH  |Input range upper limit I v
124 | aa4 | 544 | 744 | RL |Inputrange lower imit Indusrial unit See Table 41, "Ipu Type RW
145 | 345 | 545 | 745 | DEC.P |Decimal point position None | Cccton RO v
-30000 to 30000 ;r;e[; mocouple,| g,
146 | 346 | 546 | 746 | SH |Scaling upper limit 0<SH-SL< RW v
30000. DC voltage 1000
Industrial - |Changeable only for |input
unit DC voltage input | Thermocouple, C33
. - with a maximum RTD RL
147 347 547 747 SL  |Scaling lower limit resolution of 14 bits RW v
(16384) DC voltage 0
) input
Otod y}egm“o“p'e* DEC.P
148 348 548 748 SDP  [Scaling decimal point position None Changeable only for RW v
DC voltage input ~ |DC voltage 1
input
149 349 549 749 RIC Reference junction None 0 Fixed value 1 RW v C36
compensation 1:ON
Burnout selection 0: OFF
150 350 550 750 BSL  |(for thermocouple or RTD None 1: Up Scale 1 RW v C35
input) 2: Down Scale
351 751 | PRH [PV range upper limit Industrial unit |-30000 to 30000; SH RW v
0 < PRH - PRL < 30000.
Changeable only for even-numbered
352 752 | PRL [PV range lower limit Industrial unit|100PS in two-input changeover SL RW v
control with a maximum resolution of C34
14 bits (16384). :
Oto4
353 753 PDP  |PV range decimal point position None lChangeabIe pnly for even-numbered SDP RW v
oops in two-input changeover
mode.
0: Automatic changeover using
temperature range
g 1: Automatic changeover using v
361 761 | SELMD |Two-input changeover mode None two-input changeover upper limit 0 RW
2: Manual changeover using input cn
selection
362 762 | SELH lT.W.""”p“t changeover upper None  |PRLto PRH; (SELL < SELH. If PRL+1 | RW v
imit .
Two-nput changeover lower SELL > SELH, changeover will be
363 763 SELL limit None with respect to SELH. PRL RW v
171 371 571 771 BS  |Fixed bias Industrial unit {-(SH - SL) to (SH - SL) 0 RW v C38
) 0: OFF
v
172 372 572 772 FL  |Input filter Seconds 110 120 seconds 0 RW C3.10
173 373 573 773 X1 |Broken-line input 1 Industrial unit {-5.0% to 105.0% of (SL to SH) SL RW v
174 374 574 774 Y1  |Broken-line bias 1 Industrial unit|-(SH-SL) to (SH-SL) 0 RW v
175 375 575 775 X2 |Broken-line input 2 Industrial unit {-5.0% to 105.0% of (SL to SH) SL RW v 37
176 376 576 776 Y2  |Broken-line bias 2 Industrial unit {-(SH-SL) to (SH-SL) 0 RW v '
177 377 577 77 X3 |Broken-line input 3 Industrial unit {-5.0% to 105.0% of (SL to SH) SL RW v
178 378 578 778 Y3  |Broken-line bias 3 Industrial unit {-(SH-SL) to (SH-SL) 0 RW v
179 | 379 | 579 | 779 | SR |Square root extraction None |0 OFF (no square root extraction) 0 RW v
1: ON (square root extraction) c39
180 380 580 780 LC  |Low cut Industrial unit {0.0%-5.0% of (SH-SL) éao/gl)_() RW v
*1  Input type selector switches must be set with values SW5 = 0 and SW1-4 = OFF, as described in Section A4.1,

"Selecting Input Types and Power Frequency," input type selection can be made using software.
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C3.1 Input Type Selection

Input types may be selected either using hardware switches (for all loops collectively) or
using software (for individual loops).

Input type selection using software is available only when switches SW1-4 = OFF and
SW5 = 0. Input type selection by software uses the I/O data register for the Input Type
Selection (IN) parameter. For details on input type selection using switches, see Section
A4.1, "Selecting Input Type and Power Frequency."

Table C3.2 Input Type Selection Parameter

Data Position Number L Default _
Symbol Description Unit Data Range Value Attribute | Stored

Loopl | Loop2 | Loop3 | Loop4

. 1to 31, 33 to 56
142 342 542 742 IN Input type selection ! None |For details, see Table A4.1, "Input RW 4
Type Selection."

*1: You can also select the input types using hardware switches as described in Section A4.1, "Selecting Input Types and
Power Frequency." If a selection is made using hardware switch, the setting cannot be changed by software.

Z@ CAUTION

The I/O parameters, including the input type selection (IN) parameter, must be enabled
before their settings can take effect. For details, see Section B2.3, "How to Enable

Settings."
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Table C3.3 Input Type Selection (1/2) (SW1-1 = OFF)
Input Type Software Input Range ™
Input Type Instrument Range Selector Switch™ Setting Default Allowable Range
SW5 | SW1-4]Sw1-3 IN” RL RH DECP| RL | RH
Software setting * 0 OFF X
K - OFF | 1 (301) | -2000] 13700 1] -2700 | 13700
-200.01013700°C | 1| opp N [ 33 ($21) | 200 1370 0] 270 | 1370
- OFF | 2 ($02) | -2000 | 10000 1] 2700 | 13700
-200.0101000.0°C | 2 ON | 34 ($22) | 200 1000 0] -270 | 1370
) OFF | 3 ($03) | -2000 | 5000 1] 2000 | 5000
-200.0t0500.0°C | 3 ON | 35 ($23) | -200 500 0| —200| 500
J - OFF | 4 (304) | -2000 | 12000 1] -2000 | 12000
-200.0101200.0°C | 4 ON | 36 (324) | 200 | 1200 0] 200 1200
- OFF | 5 ($05) | -2000 | _ 5000 1] 2000 | 5000
-200.010500.0°C | 5 ON | 37 (825 | -200 500 0] -200] 500
T ) OFF | 6 ($06) | -2700 | 4000 1] 2700 | 4000
-270.0t0400.0°C | 6 ON | 38 ($26) | -270 400 0| 270 | 400
o B - OFF | 7 (307) 0| 16000 1 0 | 18000
S 0.0 10 1600.0°C / ON | 39 ($27) 0| 1600 0 0] 1800
[e]

3 s - OFF | 8  (308) 0| 16000 1 0 | 17000
£ 0.0 t0 1600.0°C 8 ON | 40 ($28) 0] 1600 0 0 1700
3 R OFF | 9 ($09) 0| 16000 1 0 | 17000

o o
= 0.0t01600.0°C 9 ON | 41 ($29) 0| 1600 0 0] 1700
N - OFF | 10 ($0A) | -2000 | 13000 1| -2000 | 13000
-200.0101300.0°C | A ON | 42 (S2A) | 200 | _ 1300 0] 200 1300
E - OFF | 11_($0B) | -2700 | 10000 1] 2700 | 10000
-270.01010000°C | B ON | 43 ($2B) | 270 | 1000 0] -270 | 1000
L - OFF | 12 ($0C) | -2000 | 9000 1] 2000 | 9000
-200.0t0900.0°C | C ON | 44 ($2C) | -200 900 0] 200 900
U - OFF | 13 (30D) | -2000 | 4000 1] -2000 | 4000
-200.0t0400.0°C | D ON | 45 ($2D) | -200 400 0] 200 400
W - OFF | 14 (S0E) 0| 16000 1 0 | 23000
0.0101600.0°C E ON | 46 (S2E) 0] 1600 0 0 2300
Platinel 2 ) OFF | 15 (S0F) 0| 13900 1 0 | 13900
0.0101390.0°C F ON | 47 ($2F) 0| 1390 0 0 1390
JPt100 - OFF | 16 (310) | -2000 | _ 5000 1] -2000 | 5000
-200.010500.0°C | 0 | o ToN [ 48 ($30) | -200 500 0] 200| 500
- OFF |17 ($711) | -2000 | 2000 1] 2000 | 2000
-200.010200.0°C | 1 ON |49 (831) | -200 200 0] -200] 200
- OFF |18 (512) 0| 3000 1 0| 3000
0.0 10 300.0°C 2 ON |50 ($32) 0 300 0 0] 300
- OFF |19 (313) 0| 15000 2 0 | 15000
0.00 t0 150.00°C 3 ON |51 ($33) 0| 1500 1 0] 1500
o [ P00 - OFF | 20 ($14) | -2000 | _ 8500 1] 2000 | 8500
e -200.010850.0°C | 4 ON |52 ($34) | -200 850 0] 200| 850
- OFF |21 ($15) | -2000 | 5000 1] 2000 | 5000
-200.010500.0°C | 5 ON |53 ($35) | -200 500 0] —200| 500
- OFF |22 ($16) | -2000 | 2000 1] 2000 | 2000
-200.010200.0°C | 6 ON |54 ($36) | -200 200 0] 200| 200
- OFF |23 ($17) 0| 3000 1 0| 3000
0.010300.0°C i ON |55 ($37) 0 300 0 0 300
- OFF | 24 ($18) 0| 15000 2 0 | 15000
0.00 t0 150.00°C 8 ON |56 ($38) 0| 1500 1 0 1500
0-10mV_|__0.00 to 10.00 mV 9 25 (319) 0] 1000 2 0] 1000
8 [0-100mV | 0.0 to 100.0 mV A | ON X [26 ($1A) 0| 1000 1 0 1000
g [oav 0.000 to 1.000 V. B 27__(51B) 0| 1000 3 0| 1000
S [Cosv 0.000 t0 5.000 V. D 29 ($1D) 0| 5000 3 0| 5000
Q[ 15V 1,000 t0 5.000 V E 30 ($1E) | 1000 | 5000 3] 1000 | 5000
0-10V 0.00 10 10.00 V F 31 (31F) 0| 1000 2 0| 1000

*1: For thermocouples K, B, S, R, and W, the upper and lower input range limits may exceed their default values.

*2: Data stored in the internal memory is initialized to the hardware switch values when power is turned on. An ‘X’ symbol in the SW1-3

column indicates that the switch setting is ignored.
*3:  “Software Setting” refers to values stored in data register IN. Any value not listed here is ignored.
*4; This is the factory setting. When ‘set by software’ is selected, the initial value of data register IN is ‘I: Thermocouple K'.
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Table C3.3 Input Type Selection (2/2) (SW1-1=O0N)
Input Type . Software Input Range '
Input Type Instrument Range Selector Switch™ Setting Default Allowable Range
SW5 | SW1-4 | SW1-3 IN® RL RH DEC.P RL RH

Software setting * 0 |OFF [X
K - OFF | 1 (301) | -3280 | 24980 1| -4540 | 24980
-328.0102498.0°F | 1 | opp TON 33 ($21) | 328 | 2498 0| -454 | 2498
- OFF | 2 (302) | -3280 | 18320 1| -4540 | 24980
-328.010 1832.0°F | 2 ON | 34 (322) | -328| 1832 0] -454 | 2498
- OFF | 3 (303) | -3280 | 9320 1] -3280 | 9320
-328.0 10 932.0°F 3 ON [ 35 (523) | -328| 932 0] -328] 932
J - OFF | 4 (304) | -3280 | 21920 1] 3280 | 21920
-328.0102192.0°F | 4 ON [ 36 (524) | -328| 2192 0] -328] 2192
- OFF | 5  (305) | -3280 | 9320 1] -3280 | 9320
-328.0 0 932.0°F 5 ON |37 (525) | -328| 932 0] 328| 932
T - OFF | 6 (306) | -4540 | 7520 1] 4540 | 7520
-454.0t0 752.0°F 6 ON | 38 (526) | -454| 752 0] -454] 752
o B : OFF | 7 (507) 32| 2912 0 32| 3272
g 3210 2912°F ! ON [ 39 ($27) 32| 2012 0 32| 3272
g s - OFF | 8 (508) 32| 2912 0 32| 3092
2 8210 2912°F 8 ON | 40 (328) 32| 2012 0 32| 3092
5 R - OFF | 9 (509) 32| 2912 0 32| 3092
= 3210 2912°F 9 ON | 41 (529) 32| 2912 0 32| 3092
N - OFF | 10 ($0A) | -3280 | 23720 1] 3280 | 23720
-328.0102372.0°F | A ON [ 42 ($2A) | -328| 2372 0 328 2372
E - OFF | 11 ($0B) | -4540 | 18320 1 -4540 | 18320
-454.010 1832.0°F | B ON | 43 ($2B) | -454 | 1832 0] 454 1832
L - OFF | 12 ($0C) | -3280 | 16520 1 -3280 | 16520
-328.0101652.0°F | C ON |44 ($2C) | -328| 1652 0] 328 1652
U - OFF | 13 ($0D) | -3280 | 7520 1] 3280 | 7520
-328.010 752.0°F D ON [ 45 (52D) | -328| 752 0] 328 752
W - OFF | 14 ($OE) 32| 2912 0 2| 4172
8210 2912°F E ON | 46 ($2E) 32| 2012 0 32 4172
Platinel 2 - OFF | 15 (S0F) | 320 | 25340 1] 320 | 25340
32.0 10 2534.0°F F ON | 47 ($2F) 32| 2534 0 32| 2534
JPt100 - OFF | 16 (510) | -3280 | 9320 1] 3280 | 9320
-328.0 o 932.0°F O |oN [ON [48 ($30) | -328| 932 0] -328] 932
- OFF | 17 ($11) | -3280 | 3920 1] -3280 | 3920
-328.0 t0 392.0°F ! ON | 49 ($31) | -328| 392 0] -328] 392
- OFF | 18 (312) | 320 5720 1] 320 5720
32.0 10 572.0°F 2 ON |50 (532) 2] 572 0 2| 572
- OFF | 19 (313) | 320 3020 1] 320 3020
32.0 t0 302.0°F 3 ON [ 51 (333) 32| 302 0 32| 302
o [ Pti00 - OFF | 20 (314) | -3280 | 15620 1 3280 | 15620
i -328.0101562.0°F | 4 ON | 52 (534) | -328| 1562 0] -328] 1562
- OFF | 21 (315) | -3280 | 9320 1] -3280 | 9320
-328.010 932.0°F 5 ON | 53 (535) | -328| 932 0 328] 932
- OFF | 22 (316) | -3280 | 3920 1] 3280 | 3920
-328.0 10 392.0°F 6 ON | 54 ($36) | -328| 392 0] -328] 392
- OFF | 23 (317) | 320 5720 1] 320 5720
32.0 to 572.0°F i ON | 55 (337) 2| 572 0 2| 572
- OFF | 24 (318) | 320 3020 1] 320 3020
32.0 t0 302.0°F 8 ON | 56 (538) 32| 302 0 32| 302
0-10mV | 0.00 t0 10.00mV__|_ 9 25 (319) 0] 1000 2 0] 1000
2, [0-100mV | 0.0 to 100.0 mV A | ON X [26 ($1A) 0] 1000 1 0] 1000
S0V [0.000101.000V B 27 (31B) 0] 1000 3 0 1000
S 05V [ 0.0001t05.000V D 29 (31D) 0] 5000 3 0 5000
Q 15V [ 1.000 to 5.000 V E 30 ($1E) | 1000 | 5000 3| 1000 | 5000
0-10V_| 0.00 1010.00 V F 31 (31F) 0 1000 2 0 1000

*1: For thermocouples K, B, S, R, and W, the upper and lower input range limits may exceed their default values.

*2: Data stored in the internal memory is initialized to the hardware switch values when power is turned on. An ‘X’ symbol in the SW1-3

column indicates that the switch setting is ignored.
*3: “Software Setting” refers to values stored in data register IN. Any value not listed here is ignored.
*4: This is the factory setting. When ‘set by software’ is selected, the initial value of data register IN is ‘I: Thermocouple K'.
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C3.2 Power Frequency Selection

Power frequency may be set either by switches or software. Power frequency selection
by software is available only when switches SW1-4 = OFF and SW5=0. The default value
is determined by SW1-2.

An appropriate power frequency setting reduces the interference of common-mode noise

from the power supply on input signals.
The parameter used is as follows:

Table C3.4

Power Frequency Parameter

Data Position Number . . Default .
Symbol Description Unit Data Range Attribute | Stored
Loop 1 [ Loop 2 [ Loop 3 [ Loop 4 Value
81 FREQ |Fower frequency None |0: 50 Hz, 1: 60 Hz 0 RW v
selection

*1 The default value is either 0 or 1 depending on the setting of SW1-2. Power frequency may also be set with SW1-2. For
details, see Section A4.1, "Selecting Input Type and Power Frequency." Switch setting takes precedence over parameter

setting.

[@ CAUTION

The I/O parameters, including the input type selection (IN) parameter, must be enabled
before their settings can take effect. For details, see Section B2.3, "How to Enable

Settings."
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C3.3 Input Range Setting

For each instrument range selected using Input Type Selection, you may define an input
range, which is the actual temperature range to be monitored, by specifying upper (RH)
and lower (RL) limits within the instrument range. Some input types such as
thermocouple W, however, allow an input range that is wider than the instrument range.
For details, see Table C3.3, "Input Type Selection."

For example, to define an input range of 200.0-800.0°C for an instrument range of -200.0
to 1200.0°C for a thermocouple J input, set RH = 8000 and RL = 2000 (SH and SL are
equal to RH and RL for temperature input).

Likewise, to define an input range of 2-4 V for an instrument range of 1.000-5.000 V for
DC voltage input with a display range of 0.0-50.0, set RH = 4000, RL = 2000, SDP = 1,
SH =500, and SL = 0.

4@xample for temperature inp@ (Example for DC voltage input>7

-200.0°C 1200.0°C 1.000V 2.000V 4.000V 5,000V

Instrument range
II .' Define the range '
Input range RH = 4.000

Input range
i Input range upper limit (RH)
200.0°C 800.0°C | Monitored.
Scaling range

Input range lower limit (RL)
Scaling lower limit (SL)

RL =1.000

Input range lower limit (RL;

Define the range
to be actually
monitored.

Input range upper limit (RH)
Scaling upper limit (SH)

0.0m¥%h 50.0m3h
Parameters to be set for temperature input Scaling lower limit (SL) Scaling upper limit (SH)
(1) Input type selection: Set according to the sensor used.
(2) Input range upper limit (RH): Set to the max. value to be measured. Parameters to be set for DC voltage input .
(3) Input range lower limit (RL): Set to the min. value to be measured. (1) Input type selection: Set according to the input signal used. .
(2) Input range upper limit (RH): Set to the maximum value for input signals.
Note: For temperature input, scaling uppler and lower limits (SH/SL) are (3) Input range lower limit (RL): Set to the minimum value for input signals.
fixed at the input range upper and lower limits (RH/RL) respectively. (4) Scaling decimal point position (SDP): Set to the decimal point position for input
signals.

(5) Scaling upper limit (SH): Set to the upper limit of an input range
(set to the display value for the maximum input signal value).
(6) Scaling lower limit (SL): Set to the lower limit of an input range
(set to the display value for the minimum input signal value).

Figure C3.2 Examples of Input Range Setting

As shown in Figure C3.1, "Block Diagram of PV-related Functions," input values within a
defined input range undergo computation before it is provided as an input process value,
PVIN, to the system. For details on the computations performed, see Sections C3.9,
"Square Root Extraction," C3.7, "Broken-line Biasing," C3.8, "Fixed Biasing," and C3.10,
"Input Filtering."

Table C3.5 Parameters of Input-related Functions

Data Position Number Default
Loop | Loop | Loop | Loop |Symbol Description Unit Data Range Value Attribute | Stored
1 2 3 4
Industrial [-5.0% to 105.0% of
101 | 301 | 501 | 701 | PVIN |Input process value unit (SL to SH) — RO —
143 | 343 | 543 | 743 RH [Input range upper limit | Industrial R v
144 | 344 | 544 | 744 | RL [Input range lower limit unit gzleezt”i‘g:]eﬁ“ or C3.3, "Input Type RW
145 | 345 | 545 | 745 |DEC.P |Decimal point position None ) RO v
-30000 to 30000; |[Thermocouple, RH
. . 0<SH-SL< RTD
146 | 346 | 546 | 746 SH |Scaling upper limit 30000. DC voltage 00 RW v
Changeable only |input
None |for DC voltage Thermocouple, RL
input with a RTD
147 | 347 | 547 | 747 SL |Scaling lower limit maximum DC voltage RW v
resolution of 14 linput 0
bits (16384).
Oto4 Thermocouple,
Scaling decimal point Changeable only |[RTD DEC.P
148 | 348 | 548 | 748 | SDP o None RW v
position for DC voltage DC voltage 1
input input

@ CAUTION

Changing an input range does not improve accuracy or resolution.
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C3.4

PV Range Setting (for use in two-input

changeover mode only)

The PV range setting defines the range of the output process value in Two-input
Changeover mode, in cases where the two input signals have different input ranges. The
PV range setting can only be changed in the two-input changeover mode and no other
mode.

For example, if input 1 (loop 1) has input range of 0-500°C (RL=0°C; RH=500°C) and
input 2 (loop 2) has input range of 300-1000°C (RL=300°C; RH=1000°C), you may set
the PV range of loop 2 to 0-1000°C (PRL=0°C; PRH=1000°C).

PRL2} PV range »| PRH2
RL2 e Input 2 range > RH?
RL1 g Input 1 range > RH1
. C
0 300 500 1000

In the figure, a number after a parameter symbol denotes a loop number. For example, RL2 means the input range
lower limit (RL) for loop 2.

Figure C3.3 Examples of PV Range Setting
Table C3.6 PV Range Parameters
Data Position Number - ) .
Symbol Description Unit Data Range Default Attribute | Stored
Loop 1 | Loop 2 | Loop 3 | Loop 4 Value
101 | 301 | 501 | 701 | PVIN |Inputprocess value '”dlfrfitt”a' -5.0% to 105.0% of (SLto SH)| — RO | —
: _ 0, o,
102 | 302 | 502 | 702 | PV |Process value Industrial |-5.0% to 105.0% of (PRLto | | gy | _
unit  [PRH)
PV range upper limit | Industrial -30000 to 30000;
351 751 PRH unit 0 < PRH - PRL < 30000. SH RW v
Changeable only for even
loops in Two-input
352 752 | PRL |PVrange lower imit | Mdustrial \(Changeover controlwitha | gy | gy |
unit  |maximum resolution of 14 bits
(16384).
Oto4
PV ranae decimal Changeable only for even
353 753 PDP  range None [loops in Two-input SDP RW 4
point position
Changeover control. Always
the same as SDP.
For details on how to switch between two inputs, see Section C3.11, "Two-input

@l CAUTION

Changeover."

PRH and PRL (PV range) are set by default to RH and RL (input range) of the even loop
(2 or 4) for temperature input, or SH and SL (scaling range) of the even loop for DC
voltage input. Redefine the PRH and PRL values as necessary.
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C3.5

Burnout Detection

Burnout detection checks for an open circuit on an input.

For thermocouple or RTD input, you may define a burnout condition by specifying the
direction of change in the input value and the final input value. For DC voltage input,
burnout detection is not available.

When an open-circuit occurs with the Burnout Selection (BSL) parameter set to ‘Up-Scale’,
the input value rises to a final value of 105% of the input range (or the PV range in
Two-input Changeover mode).

When an open-circuit occurs with Burnout Selection (BSL) set to ‘Down-Scale’, the input
value drops to a final value of -5.0% of the input range (or the PV range in Two-input
Changeover mode).

If Burnout Selection (BSL) is set to ‘OFF’, the input value is undefined when an open circuit
occurs, and may reach the upper or lower limit, but even if this happens, the FUNC.ERR
relay and the corresponding bit of the RUN.STUS register are not set.

If an open circuit is detected in Run and Automatic operating status, the preset output
value is output as the control output, and the operation of the alarm depends on the input
value at that moment.

If an open circuit is detected in Run and Manual operating status, the manual output value
is output as if no open circuit has occurred.

Table C3.7 Burnout-related Parameters
Data Position Number Symbol Description Unit Data Range Default Value | Attribute | Stored
Loop 1|Loop 2[Loop 3[Loop 4| P g
41 42 43 44 . On/off for
108 308 508 208 RUN.STUS Operating status None individual bits. — RO —
0: OFF
1: Up-scale
150 | 350 | 550 | 750 BSL Burnout selection | None |2 DoWn-scale 1 RW v
(valid only for
thermocouple and
RTD input)
Table C3.8 Burnout Detection Relay
Input Relay Number
XOOOnn* Symbol Description Data Range
Loop 1{Loop 2|Loop 3|Loop 4
07 15 23 31 FUNC.ERR [Burnout or other error detected * 0: Normal, 1: Error

*1: OO0 denotes the slot number where the module is installed.
*2: Notifies that a burnout has been detected, or that self-diagnosis has detected an AD converter error or some other error
that affects normal module operation.

Table C3.9 Operating Status
RUN.STUS Bit Symbol Description
15[14713 12]11:110. 9:8[7:i6:i5:4[3i2i1:0 Pos. y P
—1 0 | RUN/STP_[0:Ston.1:Run

1 AUT/MAN | 0: Automatic, 1: Manual
2 CAS 1: Cascade mode
3 RMT/LOC |0: Local, 1. Remote
4 EXPV/PV __|0: Normal, 1: External input
5 EXOUT/OUT | 0: Normal, 1: External output
6 _
7 P
8 B.OUT 1: PVIN burnout
9 +OVER 1: PVIN +OVER
10 -OVER | 1: PVIN -OVER
" B.OUT 1: PV burnout
12 +OVER | 1. PV +OVER
13 -OVER 1. PV -OVER
14 —
15 | FUNC.ERR | 1. Error detected

A PVIN burnout always reflects the input condition of the corresponding loop.

A PV burnout in Single Loop control is equivalent to a PVIN burnout.

A PV burnout detected on an even loop in two-input changeover control may mean an
actual burnout on either the even loop or the odd loop of the pair of loops.
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C3.

Z@ CAUTION

Burnout detection is not performed when EXPV/PV is set to “1: external input”.

Z@ CAUTION

6

If the Burnout Selection (BSL) parameter is set to ‘Down-scale’ for a thermocouple range,
a burnout may not be detected in high temperature environments exceeding 40°C.

In this situation, set the alarm type to ‘Lower Limit’, set an appropriate alarm preset value,
and use the alarm for burnout detection instead.

Reference Junction Compensation

When Reference Junction Compensation (RJC) is set to ‘1: ON’, the temperature of the
terminal block of the module is automatically measured and used for reference junction
compensation in the thermocouple temperature measurement.

If an external reference point device is used to provide even better reference junction
compensation, set RJC to ‘0: Fixed Value’, and set EXRJC to the reference junction
temperature.

Table C3.10 Reference Junction Compensation Parameters

Data Position Number - . Default .

Loop 1] Loop 2 |Loop 3 [Loop 4 Symbol Description Unit Data Range Value Attribute | Stored
149 349 549 749 RJC Reference J_unctlon None 0 Fixed value 1 RW v
compensation 1: ON

Reference junction Industrial | -100 to 700
132 332 532 | 732 | EXRJC temperature unit (-10.0°C to 70.0°C) 0 RW _
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C3.7

Broken-line Biasing

The broken-line biasing function adds different bias values to input values depending on

their magnitude.

This function is useful for correcting offset or gain error (due to sensor characteristics,
degradation or other reasons) over parts of an input range.

As shown in the figure below, by specifying the input values (X) and corresponding bias
values (Y) for any three points, bias correction is performed throughout the input range.

Use parameters X1 to X3 to specify three input values, and parameters Y1 to Y3 to
specify their corresponding bias values.

Biased output

Output

(Input with broken-line bias added)

7
I
e
1
4

7
VL —
7z

Broken-line bias

Output with
no biasing

Y2
Y3
Y1
X1 X2 X3
Input
Figure C3.4 Broken-line Biasing Example
Table C3.11  Broken-line Biasing Parameters
Data Position Number - . Default :

Loop 1] Loop 2|Loop 3]Loop 4 Symbol Description Unit Data Range Value Attribute | Stored
173 | 373 | 573 | 773 X1 |Broken-line input 1 |Industrial unit |-5.0%t0105.0% of (SL to SH) SL RW v
174 | 374 | 574 | 774 Y1 |Broken-line bias 1 |Industrial unit |-(SH-SL) to (SH-SL) 0 RW v
175 | 375 | 575 | 775 X2 |Broken-line input 2 |Industrial unit |-5.0%t0105.0% of (SL to SH) SL RW v
176 | 376 | 576 | 776 Y2 |Broken-line bias 2 |Industrial unit |-(SH-SL) to (SH-SL) 0 RW v
177 | 377 | 577 | 777 X3 |Broken-line input 3 |Industrial unit [-5.0%t0105.0% of (SL to SH) SL RW v
178 | 378 | 578 | 778 | Y3 |Broken-line bias 3 |Industrial unit |-(SH-SL) to (SH-SL) 0 RW v

[@ CAUTION

When using the broken-line biasing function, you must specify all broken-line bias related
parameters (X1 to X3, and Y1 to Y3). Furthermore, the specified input values (X1 to X3)

must be such that X1 < X2 < X3.
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C3.8 Fixed Biasing

The fixed biasing function adds a constant bias to input values throughout the input
range.

This function is especially useful when a sensor output is always lower than true values
by a fixed amount due to the physical condition of the sensor. For example, it may be
used when the temperature of a material in a furnace is indirectly determined by
measuring the ambient temperature in the furnace, where a fixed bias is added to the
ambient temperature to represent the temperature of the material. The function is also
useful for rectifying deviations among outputs from different sensors, which are within
precision tolerance, or for correcting the output from a degraded sensor.

Table C3.12 Fixed Biasing Parameter

Data Position Number - . Default .
Loop L [Loop 2| Loop 3] Loop 4 Symbol | Description Unit Data Range Value Attribute | Stored
171 371 571 771 BS Fixed bias Industrial unit  |-(SH-SL) to (SH-SL) 0 RW v
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C3.9 Square Root Extraction

The square root extraction function is especially useful for converting differential
pressures measured with a restriction flowmeter using an orifice or nozzle into flow rates.

You can also specify a low-cut point below which no square root extraction is done.

%
100
80 s
/
60 7
Low-cut point selectable
Output between 0.0 and 5.0% of input range
7
40
Square root extraction does not apply to any
v input below low-cut point where output = input.
20 {
2 .- Slope 1
¢
0 o)
0 20 40 60 80 100 %

Input
Figure C3.5 Square Root Extraction Example

Table C3.13 Square Root Extraction Parameters

Data Position Number - . Default .
Loop 1|Loop 2|Loop 3|Loop 4 Symbol | Description Unit Data Range Value Attribute | Stored
179 | 379 | 579 | 779 SR Square_ root None O OFF (no square root ext_ractlon) 0 RW v
extraction 1: ON (square root extraction)
Industrial o 1.0% x
- - - v
180 | 380 | 580 | 780 LC |Low-cut unit 0 to (0.0-5.0%) of (SH - SL) (SH - SL) RW

Z@ CAUTION

This function is available only in the DC voltage input mode. It is ignored if specified in
thermocouple or RTD input mode.
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C3.10

Input Filtering

The input filtering function removes noise from input signals.

It is especially useful for removing high frequency noise from flow rate or pressure input
signals.

When a larger time-constant is specified for this function, more noise is removed and the
input signal becomes cleaner and more stable. On the other hand, a larger time-constant
provides more input filtering, making the module less responsive to changes in the input
signal. Thus the Input Filter parameter should be set to the minimum required value. (see
Figure C3.6)

The input filter performs 1st order delay calculation for filtering.

i \ \
2 : g
E ! I
5t
Q.
£
— Original waveform
H — — When filtered with a small time-constant
4&4 — When filtered with a large time-constant
{ Time

Figure C3.6  How Input Filtering Affects Input Signal

Table C3.14  Input Filter Parameter

Data Position Number

Loop 1

Loop 2

Loop 3| Loop 4 Symbol Description Unit Data Range Default Value| Attribute | Stored

172

372

572 | 772 FL Input filter Second |0: OFF, 1t0120 s 0 RW v
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C3.11

Two-input Changeover (for use in two-input
changeover mode only)

The two-input changeover function has three modes, which are selected by the
Two-Input Changeover Mode (SELMD) parameter.

Table C3.15 Two-input Changeover Parameters

Data Position Number - . .
Symbol Description Unit Data Range Defauilt Attribute| Stored
Loop 1 | Loop 2 | Loop 3 | Loop 4 Value
0: Automatic changeover
using temperature range
361 761 | SELMD Two-input changeover None 1:Automat|c _ch_angeover 0 RW v
mode using upper limit
2: Manual changeover using
input selection
362 762 SELH Two-mput' changeover PRL to PRH if SELL < PRL+1| RW v
upper limit Industrial SELH.
Two-input changeover unit If SELL > SELH,
363 763 SELL -inpu 9 changeover occurs with PRL RW 4
lower limit
respect to SELH.
323 723 INSEL |Input selection None O Input 1 0 RW -
1: Input 2

B Automatic Changeover Using Temperature Range (SELMD: 0)

In this mode, Input 1 is used when it is below the two-input changeover lower limit
(SELL), Input 2 is used when it is above the two-input changeover upper limit (SELH),
and the average (PV) of Input 1 and Input 2, given by the equation below, is used
between SELL and SELH (overlapping range).

input 1 — SELL input 1 — SELL
PV = 1- x input 1 + x input 2
SELH - SELL SELH - SELL

Figure C3.7 illustrates how the PV is selected from Input 1, Input 2 and the average of
Input 1 and Input 2.

PV
A

SELH

SELL

v

Figure C3.7 PV Value in Changeover Mode

1@ CAUTION

- Input 1 must be used for the lower temperature range.
- Input 1 and Input 2 must be defined with overlapping ranges.
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B Automatic Changeover Using Upper Limit (SELMD: 1)

In this mode, Input 1 is used when it is not higher than SELH, and Input 2 is used when
Input 1 is higher than SELH, as follows:

Input 1 < SELH: Input 1 is selected.
Input 1 > SELH: Input 2 is selected.

B Manual Changeover Using Input Selection (SELMD: 2)

Switches between input 1 and input 2 according to the Input Selection (INSEL)
parameter, as follows:

INSEL = 0: Input 1 is selected.
INSEL = 1: Input 2 is selected.

The PV may change abruptly when changeover is made between Input 1 and Input 2,
as illustrated below.

PV M
|

INSEL 0 1 0

Figure C3.8 Changeover Using Input Selection (INSEL) Parameter

TIP

If two inputs have different values, switching between the two inputs would result in an abrupt change in
controlled output. To prevent this, this mode uses the average of the two inputs as the PV value within the
overlapping range. For this to work in Automatic Changeover Using Temperature Range mode (SELMD
= 0), you must define input 1 and input 2 with overlapping ranges.
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C3.12 External Input

The input value used for monitoring and controlling may be switched to an external input,
which may be, say, processed data from a CPU module.

An external input must fall within the range of -5.0% to 105.0% of (SL to SH).
Use the EXPV/PV parameter to switch between external input and normal input.

An external input may also be used for testing without a thermocouple or sensor
connected.

Table C3.16  External Input Parameters

Data Position Number - . Default .
Loop 1]Loop 2|Loop 3|Loop 4 Symbol Description Unit Data Range Value Attribute | Stored
] _ 0, o,
131 | 331 | 531 | 731 | EXPV |Externalinput | Mdustrial |-5.0%10105.0%of(SL | | gy | _—
unit to SH)
125 | 325 | 525 | 725 | Expv/py |EXtermnalinormal None |0: Normal input 0 RW —
input selection 1: External input

Z@ CAUTION

Burnout detection is not performed if the EXPV/PV parameter is set to “1: External Input”.
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C4. SP-Related Functions

This chapter describes the selection of the set points used in control and
computation functions, as well as changes in set point value accompanied by a

change in operation control modes.

SP Functions

C1sPn )(C2sPn )(3sPn )(C4sPn ) (CRSPn )

!

C4.1 Set Point (SP)
C4.2 Remote Set Point

Local I Remote
RMT/LOC.n )-----a-==-=vemeencncnes Q -------------- Y
[ »  SP Tracking

( SP.TR.n }

\

C4.6 SP Tracking

EEDE

SPR.UP.N)--

Setting SP Gradient

> SP Limiter

CAVRT TS

; In this figure, ".n" denotes a
loop number, and is an
> integer ranging from 1 to 4.
----- > .
o Y »l PV Tracking
RUN/STP.n)-------- >

C4.3 Limiting the Set Point

C4.5 PV Tracking

C4.4 Setting SP Gradient

) .
____ 2 Input register

:) 1/0 register

SP Functions (secondary loop in cascade operation)

C 1sPe ) (C 2sPe ) ( 3SPe ) ( 4SPe )

CSP of secondary loop
(output of primary loop)

C7.2 Automatic/Manual Switch

Cascade
RMT/LOC.€ )-----4r-nnrsnmrsnmeennes

é »  SP Tracking
(SP.TRe ) :

".e" denotes an even loop
number (2 or 4).

Figure C4.1 Overview of SP-related Functions

i N i 8

- Input register =

------- g

:) 1/0 register
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C4.1

Set Point (SP)

Any one of the pre-defined set points (1.SP to 4.SP) or a remote set point (RSP) can be
selected as the control set point (CSP). The set points (1.SP to 4.SP) can be stored in
EEPROM for data retention purposes at power off.

This feature is useful, say, for switching between set point values when switching
production between different product types.

Set the Set Point (1.SP to 4.SP) parameters to different set point values.

For a loop in Single-Loop or Two-input Changeover mode, or the primary loop in
Cascade control mode, set the Remote/Local Selection (RMT/LOC) parameter to 0
(Local).

For the secondary loop in Cascade Control mode, set the Automatic/Manual/
Cascade Selection (A/M/C) parameter to Automatic.

To change the set point, select the desired Set Point parameter using the SP
Number Selection (SPNO) parameter.

To see which SP number is currently selected, read the CSPNO parameter.

Changing the SPNO parameter in local mode operation selects the following parameters
(where n denotes the value of SPNO and is an integer ranging from 1 to 4).

n.SP
n.A1

n.A2
n.A3
n.A4

Set Point

Alarm 1 Preset Value
Alarm 2 Preset Value
Alarm 3 Preset Value
Alarm 4 Preset Value

TIP

If the Zone PID Selection (ZONE) parameter is set to ‘0: Disabled’, changing the SP Number Selection
(SPNO) also changes the PID constants, including PB, Tl and TD. For details on the parameters that are
changed, see Section C6.9, “PID Selection Method”.

Table C4.1 SP-related Parameters
LooplDatﬁg’oopszltlorli(l)\louprrslbeioop 7 Symbol Description Unit Data Range Iigﬁjlgt Attribute Stored
103 303 503 703 CSP Control set point Industrial Unit |PRL to PRH — RO —
107 307 507 707 CSPNO |Current SP number None 1to4 — RO —
Automatic/manual/ 0: Automatic
122 322 522 722 A/M/C ) None 1: Manual 0 RW —
cascade selection ) 4
2: Cascade
124 | 324 | 524 | 724 | RMT/LOC |Remote/local selection None 0 Local 0 RW —
1: Remote
128 328 528 728 SPNO |SP number selection None 1to4 1 RW —
201 401 601 801 1.SP Set point Industrial Unit |PRL to PRH PRL RW Irregular
221 421 621 821 2.SP Set point Industrial Unit |PRL to PRH PRL RW Irregular
241 441 641 841 3.SP Set point Industrial Unit |PRL to PRH PRL RW Irregular
261 461 661 861 4.SP Set point Industrial Unit |PRL to PRH PRL RW Irregular

*1

The controller mode must be set to Cascade Control before Automatic/Manual/Cascade Selection (A/M/C) can be set
to 2 (Cascade). In cascade control mode, operation proceeds according to the setup for the even-numbered loop
(2 or4).

@l CAUTION

- You need to execute a specific procedure every time to update stored set point

values. Otherwise, stored set points will not be updated so the parameters revert to

their last stored values whenever the module is turned off and then on again. For
details, see Section B2.4, "How to Back up SP Values to EEPROM."

For F3CUO04-OON, set points (1.SP to 4.SP) are always automatically stored to
EEPROM when updated. Updating set points frequently may damage the EEPROM
stoarge media. Therefore, if the set point is to be changed continually (as a ramp
signal, for example), you should make use of the remote set point (RSP) instead.
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C4.2

Remote Set Point

Any one of the pre-defined set points (1.SP to 4.SP) or a remote set point (RSP) can be
selected as the control set point (CSP). The RSP signal is intended to be updated
continually (for example, as a ramp signal from the CPU module) and hence, is not
stored to the EEPROM when updated.

- Foraloop in Single-Loop mode or Two-input Changeover mode, or the primary loop
of Cascade control mode, set the Remote/Local Selection (RMT/LOC) parameter to
1 (Remote).

- Set the Remote Set Point (RSP) to a desired set point value.

Changing the SP Number Selection (SPNO) parameter during remote operation selects
the following parameters (where n denotes the value of SPNO, and is an integer ranging
from 1 to 4).

-  n.A1 Alarm 1 Preset Value
- n.A2 Alarm 2 Preset Value
-  n.A3 Alarm 3 Preset Value
- n.A4 Alarm 4 Preset Value

TIP

If the Zone PID Selection (ZONE) parameter is set to ‘0: Disabled’, changing the SP Number Selection
(SPNO) also changes the PID constants, including PB, Tl and TD. For details on the parameters that are
changed, see Section C6.9, “PID Selection Method”.

Table C4.2 Parameters Related to Remote Set Point

Data Position Number e . Default .
Loop1 | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
. Industrial
103 303 503 703 CSP Control set point unit PRL to PRH — RO —
Automatic/manual/cascade 0: Automatic
122 322 522 722 A/M/C . None |1: Manual 0 RW —
selection : “
2: Cascade
. 0: Local
124 324 524 724 | RMT/LOC |Remote/local selection None ) 0 RW —
1: Remote
133 | 333 | 533 | 733 | RSP |Remote set point '”dlf:itt”a' PRL to PRH PRL | RW | —

*1 The controller mode must be set to Cascade Control before Automatic/Manual/Cascade Selection (A/M/C) can be
set to 2 (Cascade). In cascade control mode, operation proceeds according to the setup for the even-numbered loop
(2 or 4).

@l CAUTION

The remote set point function is not available for the secondary loop in cascade control
mode.
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C4.3

Limiting the Set Point

You can set upper limit and lower limit for the control set point (CSP).

This feature is useful in situations where it is desirable to limit the control set point within
a certain temperature range, depending on the characteristics of equipment and
materials involved.

- Set the SP Upper Limit (SPH) parameter to the desired upper limit and the SP Lower
Limit (SPL) parameter to the desired lower limit.

The SP limit function is always enabled, regardless of the remote/local selection.

It is always enabled for the secondary loop in cascade control, regardless of the
Automatic/manual/cascade selection.

Table C4.3 Parameters Related to the Set Point Limit Function

Data Position Number - . Default .
Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
. Industrial
103 303 503 703 CSP  |Control set point unit PRL to PRH — RO —
164 | 364 | 564 | 764 | SPH |Upper SP limit Industrial |TRL to PRH If SPL<SPH. PRH | RW v
. If SPL = SPH, CSP is always
165 | 365 | 565 | 765 SPL  |Lower SP limit unit | qual to SPL. PRL RW v

@l CAUTION

Set the SP limits such that SPL < SPH.
If SPL = SPH, then the control set point (CSP) will always be equal to SPL.

1@ CAUTION

If SPH and SPL are used in the secondary loop in cascade control, align the Upper
Output Limit (OH) and Lower Output Limit (OL) of the primary loop with SPH and SPL of
the secondary loop respectively. Otherwise, the control set point of the secondary loop
may be constrained by SPH or SPL of the secondary loop, resulting in a large PV
overshoot in the primary loop. For instance, if the SPH of the secondary loop is 50% of
the PV range between PRH and PRL, it is recommended that OH of the primary loop be
set to 50%.
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C4.4

Setting SP Gradient

To prevent drastic changes in the Control Set Point (CSP), or to vary the CSP at a fixed
rate, you can set the SP Up Gradient (SPR.UP) or SP Down Gradient (SPR.DN)
parameters.

- Use the SP Up Gradient (SPR.UP) parameter to specify the rate of change in the
increasing direction.

- Use the SP Down Gradient (SPR.DN) parameter to specify the rate of change in the
decreasing direction.

- Use the SP Gradient Time Unit (SPR.TM) parameter to specify the unit of time for
the rate of change.

The SP gradient function acts in the following situations:

- When the Set Point parameter selected by an SP Number Selection is changed.
- When the Remote Set Point parameter is changed in remote mode.

- When the SP Number Selection (SPNO) parameter is changed.

In the following situations, the SP gradient function acts so that the process value (PV)
approaches the control set point at the specified gradient. This function is called PV
tracking. It is disabled when burnout is detected. For details, see Section C4.5, "PV
Tracking."

- When the SP Number Selection (SPNO) parameter is changed.

- When parameter setup is changed from “Manual” to “Run” and “Automatic” or to
“Run” and “Cascade”.

- When parameter setup is changed from “Stop” to “Run” and “Automatic” or to “Run”
and “Cascade’.

(1) When the control set point

(2) When SP Number Selection

(3), (4) When "Manual" or "Stop" is

is changed (SPNO) is changed. changed to "Automatic" and "Run"
| CSP .
N CSP (old) (after change) B T csp  —
: Speg_ifie;:! g o
gradien .
: Specified ° Specified
' ' gradient gradient
CSP (new) —> PV 1 -« CSP
. | PV ——
| | (before change)
f — f - —
CSP is changed Time When SP Number Time "Manual" or "Stop" is Time
Selection is changed changed to "Automatic”
and "Run"
Figure C4.2  Setting SP Gradient
Table C4.4 Parameters Related to SP Gradient
Data Position Number - . Default .

Loopl | Loop2|Loop3| Loopd Symbol Description Unit Data Range Value Attribute | Stored
102 | 302 | 502 | 702 | PV |Process value '”d;‘rfitt”a' -5.0% to 105.0% of (PRL to PRH) | — RO —
103 | 303 | 503 | 703 | CSP |Control set point '”d:rfitt”a' PRL to PRH — RO —
166 | 366 | 566 | 766 | SPR.UP |SP up gradient Industrial |0 to (PRH-PRL). 0 RW v
167 | 367 | 567 | 767 | SPR.DN |SP down gradient unit Function is disabled if value is 0. 0 RW 4
168 | 368 | 568 | 768 | SPR.TM |SP gradient time unit None |0: hour; 1: minute 0 RW v
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Example specifying SP Up Gradient (SPR.UP)

This example illustrates the use of the SP Up Gradient (SPR.UP) parameter
(see Figure C4.3).

The system is operating with 1.SP and then switched to 2.SP. The CSP rises at a fixed
rate. In the following example, the temperature difference between 2.SP and 1.SP is
140°C, and it is desired to achieve this temperature change in 2 minutes. Hence,
SPR.UP is set to 70 (°C/minute).

SPNO is
changed

1.SP 2.5P

- [
¢

\j

2S8P=640C - — 54— ———4——————— — — — -

Temperature
differencc_e =140°C

1.SP=500°C

| Duration for
temperature rise
= 2 minutes

Figure C4.3 Example Specifying SP Up Gradient

Temp. diff. (°C)  140°C )
SPR.UP = = =70 (°C/minute)

Time (minute)* 2 minutes

*: The time unit can be hour or minute, and is specified using the SP Gradient Time Unit (SPR.TM) parameter.
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C4.5

PV Tracking

The PV tracking function first makes the CSP temporarily the same as the current PV
value, and then changes the CSP gradually to the true CSP value according to the SP
gradient setting. This function is enabled when the SP up gradient (SPR.UP) or SP down
gradient (SPR.DN) parameter is set to a non-zero value.

PV tracking acts in the following situations:
- When the SP Number Selection (SPNO) parameter is changed.

- When the operating mode is changed from “Manual” to “Run” and “Automatic” or
from “Manual” to “Run” and “Cascade”.

- When the operating mode is changed from “Stop” to “Run” and “Automatic” or from
“Stop” to “Run” and “Cascade”.

The PV ftracking function is disabled when a burnout or AD converter error is detected.
When the SP number is changed, the PV tracking function changes the CSP gradually
according to the SP gradient setting from the value designated by the old SP number to
the value designated by the new SP number.

® With PV Tracking ® Without PV Tracking

N Follows the SP Gradient N
(SPR.UP or SPR.DN) value.

CSP CSP ———

PV PV

Manual : Automatic Manual

A -
Switchover between

Manual and Automatic

Figure C4.4 PV Tracking Operation
Table C4.5 Parameters Related to PV Tracking

Automatic

\

A
Switchover between
Manual and Automatic

Time Time

Data Position Number - . Default .
Loop1|Loop2| Loop3| Loopd Symbol Description Unit Data Range Value Attribute | Stored
102 | 302 | 502 | 702 PV |Process value Industrial unit |-5.0 to 105.0% of PRL to PRH — RO —
103 | 303 | 503 | 703 CSP |Control set point Industrial unit |[PRL to PRH — RO —
166 | 366 | 566 | 766 | SPR.UP |SP up gradient - |0to(PRH-PRL) 0 RW v

Industrial unit |PV tracking function is disabled
167 | 367 | 567 | 767 |SPR.DN [SP down gradient when value is 0. 0 RW v
168 | 368 | 568 | 768 | SPR.TM |SP gradient time unit None 0: hour; 1: minute 0 RW v
@l CAUTION

The PV tracking function is disabled if the SP Up Gradient and the SP Down Gradient are
set to 0 (OFF).

If PV < CSP, the function acts if the SP Up Gradient (SPR.UP) parameter is

non-zero.

If PV = CSP, the function acts if SP Down Gradient (SPR.DN) parameter is non-zero.
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C4.6

SP Tracking

When a loop is switched from remote to local mode, the SP tracking function
automatically sets the selected Set Point (n.SP) in local mode to the value of the Remote
Set Point (RSP) immediately preceding the switchover.

SP tracking can be used to prevent a drastic change in the CSP when switching from
remote to local mode.

To enable SP tracking, set the SP Tracking Mode (SP.TR) parameter to “0: Tracking on”.
SP tracking acts in the following situations.

- When the Remote/Local Selection (RMT/LOC) parameter is changed from “Remote”
to “Local’.

- When the Automatic/Manual/Cascade Selection (A/M/C) parameter of a secondary
loop in cascade control is changed from “Cascade” to “Automatic” or “Manual”.

® With SP Tracking ® Without SP Tracking
A A
Local SP — Local SP >
— ™~
Remote SP */a\l: iy Remote Spﬁ/ﬁ\/ PV
| _ | -~
A 1 A TVime

Switchover from ~ 11me Switchover from
Remote to Local Remote to Local

Figure C4.5 SP Tracking Operation

Table C4.6  Parameters Related to SP Tracking

Data Position Number . . Default -
Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
169 | 369 | 569 | 769 | SPTR |SP Tracking Mode None |- Tracking on 1 RW v
1: Tracking off

@l CAUTION

If you want to store the SP value as the result of SP tracking to EEPROM, you have to
initiate an SP backup procedure. Otherwise, no SP values are stored and, whenever the
module is turned off and then on again, the SP parameters will revert to their last stored
values. For details, see Section B2.4, "How to Back up SP Values to EEPROM."
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C5. Auto-Tuning Function

Cs.1

There are two types of auto-tuning, namely, dynamic auto-tuning, where the
module performs tuning automatically, and (normal) auto-tuning, where the
module performs tuning when instructed by parameters.

Dynamic Auto-tuning

Dynamic auto-tuning is a control function where the module observes the movements of
the measured values and output values, and automatically determines the optimal PID
values when it begins operation or when hunting occurs in measured values.

It is especially useful when the characteristics of the controlled object are such that
normal auto-tuning is not feasible, as well as in situations where control is unstable when
the set point is changed.

Dynamic auto-tuning is a type of self-tuning. Dynamic auto-tuning begins calculating PID
values when the conditions for PID calculation (to be described later) become true. When
the conditions become no longer true, it ends the calculation and updates the PID values.
Sometimes, it may fail to obtain proper PID values due to external disturbances or other
factors. If it cannot obtain proper PID values using the measured results, it does not
update the PID values.

- To use dynamic auto-tuning, set the Dynamic auto-tuning Enable (SELF) parameter
to “1: Enabled”.

- The following PID values are updated by dynamic auto-tuning: Proportional Band
(PB), Integral Time (TI) and Derivative Time (TD). The PID parameter group to be
updated is determined by the Current PID Number (PIDNO) parameter.

Dynamic auto-tuning operates when any of the following conditions for PID calculation is
true.

- The output scales out to OH after control begins (changing from “Stop” to “Run” in
automatic or cascade mode).

- After changing a set point, the output scales out to OH.

- PVinput oscillates more than 2°C for temperature input or 0.5% of PV input range for
DC voltage input due to external disturbances, etc.

Temperature

T CcspP

S| B —————

© PV

(O]

Q

€

(0]

[ .

! ~ Time T

PID Calculation PID Calculation with
with Rising PV External Disturbances

Figure C5.1 PID Calculation Method

TIP

- Even during dynamic auto-tuning, control computation is carried out using current PID values that are
defined. In situations where the control output does not scale out to OH, current PID values may not
be changed automatically.

- In situations where stable control is achieved with PID values calculated using dynamic auto-tuning,
disabling dynamic auto-tuning can avoid inadvertent changes to the PID values due to external
disturbances or other factors.

- Executing auto-tuning during dynamic auto-tuning terminates the calculation of PID values in
dynamic auto-tuning. If the condition for PID calculation is again true after auto-tuning ends, dynamic
auto-tuning restarts PID calculation.
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Dynamic auto-tuning does not operate when any of the following conditions is true.
- When Dynamic auto-tuning Enable (SELF) is set to “0: Disabled”

- When Control Type Selection (OT) is not set to “0: PID Control”

- When Zone PID Selection (ZONE) is set to “1: Enabled”

- When Run/Stop Selection (RUN/STP) is set to “0: Stop”

- When Automatic/Manual/Cascade Selection (A/M/C) is set to “1: Manual”.

- When Remote/Local Selection (RMT/LOC) is set to “1: Remote”.

- For the secondary loop in cascade control

- When the Rate-of-Change Limit (MVR) is not “0: Off”

- When the SP Up Gradient (SPR.UP) or SP Down Gradient (SPR.DN) is not “0: Off".
- When a burnout or AD converter error is detected

Table C5.1 Parameters Related to Dynamic auto-tuning

Data Position Number Symbol Description Unit Data Range Default Attribute | Stored
Loopl | Loop2 | Loop3 | Loop4 Value
181 381 581 781 SELF |Dynamic auto-tuning enable | None |0O: disabled; 1: enabled 0 RW v

1@ CAUTION

Dynamic auto-tuning updates the PID parameters automatically when PID values are
calculated. In situations where this is undesirable, set the Dynamic auto-tuning Enable
(SELF) parameter to “0: Disabled”.

@l CAUTION

Dynamic auto-tuning should not be used with the following processes:

- Equipment with interference and equipment subjected to regular external
disturbances

- Fast response processes such as flow control or pressure control systems

Z@ CAUTION

When performing dynamic auto-tuning, always turn on the controlled load (e.g. heater)
before starting dynamic auto-tuning. In addition, always perform control in a closed loop.

If you fail to observe these precautions, or if there are interference or external
disturbances during measurement, the calculated PID values may be inappropriate. If
control remains unstable even after you continue with dynamic auto-tuning, adopt the
following measures and recalculate the PID values.

- Set the PID group in use to the following values: PB=5.0%; Tl=1 second; TD=0ff.
- Enter Stop mode, and again change to Run mode.

If you still cannot achieve stable control after adopting these measures, disable dynamic
auto-tuning, and perform normal auto-tuning, or calculate the PID values manually.
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C5.2

Auto-tuning

The auto-tuning function automatically measures the process characteristics, and then
calculates and sets the optimal PID constants.

When auto-tuning is activated after SP is set, the control output value temporarily
assumes the form of on/off steps such that PV oscillates around SP, and the module
automatically calculates the optimal PID constants from the response data. This method
is known as the “Limit Cycle” method.

To activate auto-tuning, set the Start Auto-tuning (AT) parameter to any integer from 1 to
5. After auto-tuning begins, the output is made to turn off or turn on whenever the PV
passes through the set point (see Section C5.2.1, “Tuning Points and Stored PID
Number”). When the PV reaches the third peak, as shown in Figure C5.2, the PID
constants are calculated, stored and auto-tuning ends.

PV Auto-tuning ends
when PV reaches >
the third peak
CSP L_
Control

output / off Off » Time
I > >
Auto-tuning Auto-tuning in progress PID control using PID
begins constants obtained by

auto-tuning

Figure C5.2  Auto-tuning Function

If the Output Type Selection (OUTPUT) is set to “Continuous Output (Analog output)”, the
on/off operation during auto-tuning will run with the values specified by the Upper Output
Limit (OH) and Lower Output Limit (OL) parameters. If the Output Type Selection
(OUTPUT) is set to “Time Proportional Output (Open collector output)”’, auto-tuning runs
with 100% (always on) and 0% (always off), unrestricted by the upper and lower output
limits.

A@ CAUTION

Auto-tuning should not be used with the following processes:

- Fast response processes such as flow control or pressure control systems
- Any process whose output must never be on/off, even temporarily

- Any process where large stress on the controlled load must be avoided

- Any process where product quality may be affected if the measured value exceeds
the tolerance range.
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Auto-tuning does not run if any of the following conditions is true.

Any

You

When Control Type Selection (OT) is set to “1: On/off control” or “3: Heating/cooling
on/off control”.

When Run/Stop Selection (RUN/STP) is set to “0: Stop”.

When Automatic/Manual/Cascade Selection (A/M/C) is set to “1: Manual” when not
in cascade controller mode.

When Automatic/Manual/Cascade Selection (A/M/C) of the primary loop in cascade
control is not set to “2: Cascade.”

When Automatic/Manual/Cascade Selection (A/M/C) of the secondary loop in
cascade control is not set to “0: Automatic.”

of the following events will abort an auto-tuning session.

When any of the conditions mentioned in the previous paragraph becomes true.
When the module is powered off.

When entering the Setup mode.

When a burnout or AD converter error is detected.

When auto-tuning fails to end even after running for approximately 24 hours.

When the Start Auto-tuning (AT) parameter is set to “0: Off”.

can check the status of auto-tuning using the Auto-tuning Completed (AT.RDY) input

relay and the Auto-tuning Status (AT.STUS) I/O register.

The

AT.RDY input relay is 1 when the Start Auto-Tuning (AT) relay is 0, and it is 0 when

the AT relay is set to an integer from 1 to 5.
Table C5.2  Auto-tuning Completed (AT.RDY) Relay

Input Relay Number
XOOOnn Symbol Description Data Range Interrupt
Loopl | Loop2 | Loop3 | Loopd
X04 | X12 | X20 | x28 | ATRDY |Auto-tuning Completed 0: Auto-tuning in progress; v
1: Auto-tuning completed
*1 00O denotes the slot number where the module is installed.
Table C5.3  Auto-tuning Status (AT.STUS)
AT.STUS Description Remarks
0 Normal exit Normal exit;
At power on; or
In Setup mode.
1 Executing Auto-tuning is in progress
2 Manually stopped AT is set to “0: Off” during auto-tuning execution.
3 Error exit One of the following conditions was true during auto-tuning execution.

- Aburnout or AD converter error is detected.

- Auto-tuning fails to terminate even after running for approximately 24 hours.

- RUN/STP is set to “0: Stop”.

- A/M/C is set to “1: Manual” when not in cascade controller mode.

- A/M/C of the primary loop in cascade control is set to any value other than
“2: Cascade”.

- A/M/C of the secondary loop in cascade control is set to any value other than
“0: Automatic”.
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C5.2.1

Tuning Points and Stored PID Number

Setting the Start Auto-tuning (AT) parameter to an integer value ranging from 1 to 5 starts
auto-tuning. Setting AT to 1, 2, 3 or 4 performs tuning for 1.PID to 4.PID respectively.
Setting AT to 5 performs auto-tuning for 1.PID to 4.PID sequentially.

The auto-tuning operation turns on or turns off the output when the PV passes through a
tuning point. If the Zone PID Selection (ZONE) is set to 1 (Enabled), setting AT to 5
calculates the PID values using the mean values of successive reference points (1RP,
2RP) as tuning points.

Auto-tuning updates the following PID values: Proportional Band (PB), Integral Time (Tl),
Derivative Time (TD) and Cooling Gain (GAIN.C). The following table shows which PID
parameter group is updated.

Table C5.4 Tuning Point and Stored PID Number (1/2)
(when Zone PID Selection (ZONE) = 0 (Disabled))

AT Tuning Point *."2 PID Parameter Group for Storing AT Results
1 Set Point (1.SP) 1.PID
2 Set Point (2.SP) 2.PID
3 Set Point (3.SP) 3.PID
4 Set Point (4.SP) 4.PID
5° (1) Set Point (1.SP) 1.PID
(2) Set Point (2.SP) 2.PID
(3) Set Point (3.SP) 3.PID
(4) Set Point (4.SP) 4.PID

*1 Tuning points are limited within 3% to 97% of the input range. The upper and lower range limits are RH and RL for

thermocouple and RTD input; SH and SL for direct voltage input and PRH and PRL for two-input changeover control.
*2 If the Remote/Local Selection (RMT/LOC) is set to “Remote”, the Remote Set Point (RSP) is used as the tuning point.
*3 If AT=5, auto-tuning is performed successively for set points (1), (2), (3) and (4).

Table C5.4 Tuning Point and Stored PID Number (2/2)
(when Zone PID Selection (ZONE) = 1(Enabled))

AT Tuning Point " PID Parameter Group for Storing AT Results
1 Control set point (CSP) 1.PID
2 Control set point (CSP) 2.PID
3 Control set point (CSP) 3.PID
4 Control set point (CSP) 4.PID
57 (1) 1RP — Lower range limit) / 2 1.PID
(2)2RP-1RP) /2 2.PID
(3) (Upper range limit—2RP) / 2 3.PID
(4) (Upper range limit — lower range limit) / 2 4.PID

*1 Tuning points are limited to within 3% to 97% of the input range. The upper and lower range limits are RH and RL for
thermocouple and RTD input; SH and SL for direct voltage input and PRH and PRL in two-input changeover control
mode.

*2 If AT=5, auto-tuning is performed successively for set points (1), (2), (3) and (4).

@l CAUTION

If auto-tuning is executed during an increase or decrease of the CSP due to the SP
gradient function, the current set point (1.SP to 4.SP) or the Remote Set Point (RSP) is
used as the tuning point. CSP also changes to the current set point value.
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PV range upper limit
PRH- WDaCEAL@PRH

Reference Point 2 2RP

Reference Point 1 1RP

PV range lower limit
PRL* W%°CEAL@PRL

Figure C5.3

Aﬁ_ﬁh CAUTION

When Zone PID Selection (ZONE) is 1 (Enabled), the tuning point is automatically
calculated and auto-tuning is performed. To avoid exceeding the temperature limits of the
controlled object, you can set upper and lower range limits. The upper and lower range
limits are RH and RL for thermocouple/RTD input, SH and SL for direct voltage input, and
PRH and PRL for two-input changeover control.

Mean value of reference points=auto-tuning point

Auto-tuning with Zone PID

No.3PID

No.2PID

No.1PID

Table C5.5 Parameters Related to Auto-tuning
Data Position Number - . .
Loopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Default Value | Attribute | Stored

0: Stop AT
1-5: Start AT

127 327 527 727 AT  |Start auto-tuning None (reverts to zero when 0 RW —
auto-tuning
completes)
0: Normal exit

11 | 311 | 511 | 711 |AT.STUS|Auto-tuning status None  |1:Executing — RO | —
2: Manually stopped
3: Error exit

. 0: Disabled

185 385 585 785 ZONE |Zone PID selection None . 0 RwW v
1: Enabled

186 386 586 786 1RP  |Reference point 1 Industrial unit |PRL to PRH PRL RW v

187 387 587 787 2RP |Reference point 2 Industrial unit |PRL to PRH PRL RW v

188 | 383 | 588 | 788 | RHy [ZOn€Swiching Industrial unit |0 to (PRH-PRL) (PRH=PRL) | gy | v

ysteresis X 0.5%

0 to (PRH-PRL);

189 389 589 789 RDV |Reference deviation | Industrial unit |Function is disabled 0 RwW v
when value is 0.
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C6. Control and Computation Function

C6.1 Forward Operation and Reverse Operation

Forward operation or reverse operation defines the direction of change (increase or
decrease) of the control output value corresponding to a positive difference between the
CSP and PV. (Switching between forward operation and reverse operation is, however,
not available in Heating/Cooling Control mode.)

You can switch between forward operation and reverse operation even in Run mode.

In reverse operation (default factory setting), the control output value is decreased if PV
is larger than CSP, and is increased if PV is smaller than CSP (see Figure C6.1 below).

Reverse Operation Forward Operation
Relation between PV and CSP | PV > CSP PV < CSP PV > CSP PV < CSP
On/Off Output OFF ON ON OFF
Continuous Output Current decreases | Current increases Current increases Current decreases
Time Proportional Output On-time decreases | On-time increases On-time increases On-time reduces
Direction of Output Reverse Operation Forward Operation
Change
csp csP
v
100% | 100% Y PV
I
I
Increases I Increases |
t ' t |
Output value | Output value |
| I |
Decreases : Decreases :
0% | PV 0% :
Minimum Maximum - N
- Minimum Maximum
(Low PV) (High PV) (Low PV) (High PV)
Control output value=(PV-CSP)+50% Control output value=(CSP-PV)+50%
Figure C6.1 Output Directions in Forward Operation and Reverse Operation
Table C6.1 Parameters Related to Forward Operation and Reverse Operation
Data Position Number - . Default ]
Symbol Description Unit Data Range Attribute | Stored
Loopl | Loop2 | Loop3 | Loop4 Y P 9 Value
Forward/reverse 0: Reverse operation;
213 413 613 813 1.DR . None [1: Forward operation 0 RW 4
switch . . .
(Always 0 in heating/cooling control)
Forward/reverse 0: Reverse operation;
233 433 633 833 2.DR . None |1: Forward operation 0 RwW v
switch ; . .
(Always 0 in heating/cooling control)
Forward/reverse 0: Reverse operation;
253 453 653 853 3.DR . None |1: Forward operation 0 RwW v
switch ; h .
(Always 0 in heating/cooling control)
Forward/reverse 0: Reverse operation;
273 473 673 873 4.DR . None |1: Forward operation 0 RW v
switch } . .
(Always 0 in heating/cooling control)
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C6.2

B Difference Between On/Off Operation and Proportional Operation

Proportional Band

In on/off operation, the control output alternates between “ON” and “OFF” depending on
whether the deviation is positive or negative.

In proportional operation, the control output varies in direct proportion to the deviation,
scaled by the value of the Proportional Band (PB) parameter.

The PB parameter controls the sensitivity of the proportional operation.

On/Off Operation Proportional Operation
No intermediate states Output continuously changes in
100 (Fully Control Set proportion to deviation.
Control (%) open) Point 100 Control Set
Output Outout (%) Point
for reverse utpu (Completely Output
I
operation) va ueo closed) value
_ T 0 . 0
Deviation + Deviation - Deviation 0 + Deviation
Tends to oscillate Control Control result smoothed
Control Cosntr°,|> Set > !
result Po(iertn Point
Measured temperature Measured temperature Offset
Offset In principle, a steady state deviation
(steady-state No deviation (oftfset_) \tNiII c()jct(:]ur between Jhe control
e set point and the measure
deviation) temperature.
Figure C6.2 On/Off Operation Versus Proportional Operation

B More about Proportional Band

The proportional band defines the percentage change in input (or deviation) that will
produce a 100% change in the control output, where the percentage change in input is
deemed to be 100% if the PV value changes from PRL to PRH.

Defining a smaller proportional band produces a larger output change for a given
deviation, and reduces the offset. However, it may cause the control output to oscillate.
Therefore the proportional band needs to be tuned within an appropriate range to the
smallest value without causing oscillation. Setting the proportional band to its minimum
value of 0% produces an on/off control.

~ ~

Proportional Band (n.PB) (n = 1-4)
(for reverse operation)
PB is large PB is small
Control Set Point ControIvSet Point Controleet Point
| 1Y, Deviation
100(%) | i A A
— |
o | < <
E | pB=100%! | 5 5
g ! I g o
27| PB=50%, [ > g
2 l . 2 Z
3 PB=0% [ 3 3
. (O/C)’ (ONIOFF)! ' © ©
’ \Proportional band Deviation Deviation
<«Full span—> D
MR=50% setting
- _/
Figure C6.3 Proportional Band
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B Adjusting the Proportional Band

When fine-tuning a proportional band obtained from auto-tuning, or when adjusting the

proportional band manually, note the following points.

- Always adjust downwards from a larger value to a smaller value.

- If oscillations appear, it means that the PB setting is too small.

- Adjusting the proportional band will not eliminate the offset. (Adjusting the Integral
Time (TI) and Manual Reset (MR) parameters may however eliminate the offset.)

4 D
When MR = 50%
A
Small PB
Control
o Set > /\ AN NI
5| Point \VAY
o
"éi Medium PB Offset
) A.
|_ .
Large PB )
Time
- A smaller PB tends to result in oscillations in the
measured temperature values.
. %

Figure C6.4  Adjusting the Proportional Band

Table C6.2 Proportional Band Parameter

Data Position Number - . Default :

Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
206 406 606 806 1.PB Proportional band % |1109999 (0.1 to 999.9%) 50 RW v
226 | 426 | 626 | 826 2.PB Proportional band % |1t09999 (0.1 to 999.9%) 50 RW v
246 446 646 846 3.PB Proportional band % |1109999 (0.1 t0 999.9%) 50 RW v
266 466 666 866 4.PB Proportional band % |1109999 (0.1 to 999.9%) 50 RW v
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Integral Time and Manual Reset Value

B About Integral Time

A function that automatically reduces the offset (steady state deviation) that would
theoretically be unavoidable in a proportional operation is called an integral action (I
action), with the integral time (Tl) parameter defining the sensitivity of the integral action.
The integral action increases or decreases its output continuously in proportion to the
integral of the deviation (the product of deviation and its duration).

The integral action is used in conjunction with the normal proportional action to yield the
proportional integral action (Pl action).

Integral Time (TI) is defined as the length of time required for an integral action alone to
produce the same amount of change that a proportional action alone would produce,
given a stepped deviation. The longer the integral time, the slower will be the output
change. Conversely, the shorter the integral time, the faster will be the output changes.

~

Integral Time (n.Tl) (n = 1-4) Seviat
e ! Deviation

Output = % e+1—jedt> P : Proportional band
T T, :Integral time

A

Deviation

P=100%

Shorter
integral time Longer integral
A ‘7\ time
/
,/ + Output change due to
Output data (%) = & e - I_agtlon
(ON time ratio) [
Output change due to
P action _
fooooooo- il
| Time

o

Figure C6.5 Integral Time

- To turn off the integral action, set the Integral Time (TI) parameter to “0: OFF”.
- To eliminate the offset when TI=OFF, use the Manual Reset (MR) parameter.

B Manual Reset Value

The Manual Reset (MR) function is used to manually reduce the offset (steady-state
deviation) in proportional action (P control) or proportional derivative action (PD control)
where Integral Time (TI) is set to OFF. The function allows you to shift the control output
by a certain value so as to reduce the offset.
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B Adjusting the Integral Time

When adjusting the integral time manually, note the following points:
- The adjustment is primarily for reducing the offset.
- Always adjust downwards from a longer time to a shorter time.

- When reducing the proportional band, appearance of long periodic oscillations
indicates that the proportional band is too short. Setting too short an integral time
produces similar oscillations in the measured value. However, oscillations caused by
the integral action are characterized by longer periods than those caused by the
proportional band.

< N\
A

© Control /\ o~
3 Set > \/ ~—
o Point R —
Q Time
IS
(0]
|_

- If the Integral time (TI) is too short,

long-cycle oscllations will appear in the measured value.

o /
Figure C6.6  Adjusting the Integral Time

B Adjusting the Manual Reset Value

When adjusting the manual reset value (MR), note the following points:

- Adjust MR so as to reduce the offset.

- Adjust MR so that it does not produce an offset in the opposite direction.

A manual reset value that is too large will produce an offset in the opposite direction.
Table C6.3 Integral Time and Manual Reset Parameters

Data Position Number i . Default .

Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
207 | 407 | 607 807 1.TI |Integral time Second |0:0FF, 1to 6000 (1-6000 s) 240 RW v
227 427 627 827 2.Tl |Integral time Second [0:OFF, 1to 6000 (1-6000 s) 240 RW v
247 447 647 847 3.Tl |Integral time Second |0:OFF, 1to 6000 (1-6000 s) 240 RW v
267 | 467 | 667 867 | 4.Tl |Integral-time Second |0:0FF, 1to 6000 (1-6000 s) 240 RW v
211 411 611 811 1.MR [Manual reset value % -5.0 to 105.0% 500 RW v
231 431 631 831 | 2.MR [Manual reset value % -5.0 to 105.0% 500 RW v
251 451 651 851 | 3.MR [Manual reset value % -5.0 to 105.0% 500 RW v
271 471 671 871 | 4.MR [Manual reset value % -5.0 to 105.0% 500 RW v
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C6.4 Derivative Time

B About Derivative Time

If the time constant or lag time of the controlled object is too long, proportional action or
proportional integral action alone may not provide a fast enough corrective operation,
often resulting in overshooting. One way to improve controllability is to take into account
the tendency of the deviation (whether increasing or decreasing) and trigger appropriate
corrective action earlier. The derivative action (D action) changes the output
proportionally to the gradient (rate of change) of the deviation, with the Derivative Time
(TD) parameter defining the sensitivity of the derivative action.

In proportional derivative (PD) action, derivative Time (TD) is defined as the length of
time required for a proportional action alone to produce the same amount of output
change that a derivative action alone would produce given a deviation with a specific

gradient.
\
Derivative Time (n.TD) (n = 1-4) o
d e : Deviation
Output = @(e + TD—e> P : Proportional band
P dt N
Tp : Derivative time
A
Deviation —/
P=100%
A |
| Change in output
N Lar_gerL 71/ due to P action
derivative time
Outputvalue (%)) ~ T R——————— e
(ON time ratio) Sma”erli_ Change in output
derivative time Y|~ / due to D action
I
_______ L —— -
} >
! Derivative | Time
| time |
. /

Figure C6.7 Derivative Time
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B Adjusting the Derivative Time

When adjusting the derivative time manually, note the following points:
- Adjust upwards from a shorter duration to a longer duration.

- Appearance of short periodic oscillations indicates that the derivative time is too
long.

A longer derivative time strengthens the corrective action and causes oscillations in the
output. Oscillations due to the derivative action are characterized by short periods.

Setting the Derivative Time (TD) parameter to 0 disables the derivative action. Always set
TD to O for fast response inputs such as pressure or flow rate, or inputs that are
inherently oscillating such as an optical sensor.

4 N

A
Control /‘/\/\/\’\

= Point —_—

5 Time

Q.

§

= - If the derivative time (TD) is too long,
short-cycle oscillations will appear in the measured
temperature.

- %

Figure C6.8 Adjusting Derivative Time

Table C6.4 Derivative Time Parameter

Loop f atiZEZlélonLl(\)lgr:: e:.oop 1 Symbol Description Unit Data Range D\giuelt Attribute | Stored
208 408 | 608 | 808 1.TD |Derivative time Seconds |0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
228 428 | 628 | 828 2.TD |Derivative time Seconds |0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
248 448 | 648 | 848 3.TD |Derivative time Seconds |0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
268 468 | 668 | 868 4.TD |Derivative time Seconds |0: OFF, 1 to 6000 (1 to 6000 s) 60 RW v
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C6.5 Manual Adjustment of PID Constants

The following formula shows the relationship between the output and the PID constants.
Bear this formula in mind when adjusting PID constants manually.

To perform manual adjustment of PID constants, follow steps (2) to (5) given below.
4 D

® Procedure for adjusting PID constants manually

_ 100 1 d
Output = —5p <e+ i Jedt +TD dte>

e: Deviation PB: Proportional band TI: Integral time
TD: Derivative time

(1) (If possible, use auto-tuning. Otherwise do the following:)

(2) Adjust PB, Tl and TD, in this order. Change the values gradually
whilst checking and writing down the result.

(3) Start with a large PB and decrease it gradually. If oscillations
appear in the PV, stop and increase PB by a few seconds.

(4) Start with a large Tl and decrease it gradually. If long oscillations
appear in the PV, stop and increase Tl by a few seconds.

(5) Start with a small TD and increase it gradually. If short oscillations
appear in the PV, stop and decrease Tl by a few seconds.

o /
4 I
® Typical values for manual tuning of temperature, pressure and flow rate
Setting Range Initial value
(typical) for tuning (typical) Remarks
PB 100 to 300% 200%
Pressure | TI 5t030s 15s
TD OFF OFF
PB 100 to 240% 150%
FlowRate | Tl 8t030s 20's
TD OFF OFF
Inlet
Inlet PB Sto 30% 10% temperature
temperature | T! | 180t0600s 300s $TCD°2t8||:F
TD 3t030s 5s or air-con)
Outlet PB 5to 30% 20% Heat
utlef exchanger
temperature Tl 30t060s 40s temperature
D Oto5s 2s control
\_ /

Figure C6.9 Procedure for Manual Adjustment of PID Constants
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C6.6

PID Control Mode

This module provides 2 PID control modes, namely, Standard PID Control mode and
Fixed-point Control mode, which are selectable using the Control Mode (CMD)
parameter.

In either control mode, either PV Derivative Type PID Control Method or Deviation
Derivative Type PID Control Method is adopted depending on the operating mode.
Furthermore, the control mode also determines whether the control output value bumps
when the Set Point (1.SP to 4.SP) selected using the SP Number Selection parameter is
changed.

PID Control ot ; )
Control Method Description of Control Operation
Mode Type p p Operating Status
o Adopt PV derivative type PID in order to quickly bring the Local
PV derivative type PID PV to an updated CSP. The PV derivative type PID
. control method immediately generates a fraction of the
Bump in control output output defined by the ratio of the deviation generated by a
when CSP is changed change in CSP to the proportional band (PB) parameter
to quickly bring the PV to an updated CSP.
N
Standard PID S S——
control mode PV ouT
(factory setting)
Deviation derivative type The deviation derivative type PID control method tracks a Remote or
PID programmed pattern closely by activating derivative Cascade
action (TD) for deviation arising from minute changes in a
CSP that varies successively, following a programmed
pattern.
CsP— X \
PV ouT
Use this function to avoid disorder in the PV due to over-
PV derivative type PID reaction in the control output value (OUT) in response to Local
a change in the CSP in continuous fixed-point control.
Bumpless control output In PV derivative type PID control with bumpless control
when CSP is changed output, when CSP is changed, only integral action (Tl) is
employed to gradually remove the resultant deviation,
without a sudden change in the output value (OUT).
e ~——F %
Fixed-point PV out
control mode
PV derivati PID Use this function when the secondary loop in cascade Remote or
erivative type control is used. It produces stable control output, which Cascade
) does not over-react to output from the primary loop.
Bump in control output
when CSP is changed PV
S /A
ouT

Figure C6.10 PID Control Mode
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Table C6.5 Parameters Related to PID Control Mode

Data Position Number Default

Loopl | Loop2 | Loop3 | Loop4 Symbol Description Unit Data Range Value |Attribute | Stored

184 | 384 | 584 | 784 CMD  |Control mode None |0: Standard PID control o | RW | v
1: Fixed-point control

B PV Derivative Type PID Control Method

In this PID control method, the derivative action acts only on the PV. This method is
effective to reduce output bumps due to SP change in Local mode.

B Deviation Derivative Type PID Control Method

In this PID control method, the derivative action acts on deviation. As the derivative
action acts on a change in SP, this method is useful in situations where it is important that
the output tracks the SP closely.
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C6.7

“Super” Overshooting Suppression
Function

The “Super’ overshooting suppression function uses fuzzy logic to suppress
overshooting. It is particularly effective in the following situations when used together with
the auto-tuning function.

For suppressing overshooting

For reducing start-up time

For handling large load fluctuations

For handling frequent changes in SP values

The “Super” function is enabled by setting the Super Enable Code (SC) parameter to “1:
Enabled”. When enabled, it monitors the deviation and once it detects the risk of
overshooting, it automatically changes to a somewhat lower virtual control set point
(Supplementary Set Point (SSP)). When the deviation again enters a range where there
is no risk of overshooting, the function reverts little by little to the original set point.

Process Value
(PV)

Supplementary set point (SSP)

Original CSP
g . _/ ///

[ PV
|
|
| .
/, > Time
“Super” is Fuzzy logic begins
enabled
Figure C6.11  “Super” Function
Table C6.6 Parameters Related to the “Super” Function
Data Position Number - . Default -
Loopl | Loop2 | Loop3| Loopa Symbol Description Unit Data Range Value Attribute | Stored
182 382 582 | 782 SC “Super” enable code None |0: Disabled; 1: Enabled 0 RW v

1@ CAUTION

- The “Super” function applies only to PID operation. If the Integral Time and
Derivative Time parameters are set to “0: Off’, then the “Super” function will not act
even if the Super Enable Code (SC) parameter is set to “1: Enabled”.

- As the “Super” function requires the PB, Tl and TD parameters to be set correctly,
you should set proper PID values using auto-tuning or other means before setting
the Super Enable Code (SC) parameter to “1: Enabled”.
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C6.8

Anti-reset Windup

The anti-reset windup function suppresses overshoot, which tends to develop right after
PID control operation begins. The function is triggered when the control output reaches
its upper (OH) or lower (OL) limit. It runs in two modes, namely Automatic and Manual,
which can be selected using the ARW parameter. The two modes differ in when normal
PID control is resumed. This timing is automatically determined in automatic mode, but
predefined in manual mode.

The default value of ARW is 0 (automatic mode). In the automatic mode, PID
computation continues even if the control output reaches its upper or lower limit while the
integral term is adjusted so that the new computation result brings the control output back
within the control output range. Once the control output returns within the output range,
normal PID computation resumes.

If ARW is set to a non-zero value, the anti-reset windup function runs in manual mode,
where PID computation is suspended when the control output reaches its upper or lower
limit, and resumed when the deviation falls within the range specified with ARW. Here the
value of ARW is a percentage of the proportional band (PB). Thus, if ARW is set to 100%,
PID computation resumes when the deviation falls within a range equal to PB.

Example: If ARW = 100% and PB = 20%, the integral computation resumes when the
deviation is 20% or less, as the inequality expression 'deviation x 100/20 < 100" must be
satisfied.

=
S
SP2 — | ______________________________ = A
=
x
<
PID computation
resumes when
deviation = ARW
SP1
H |~ H
© ouT © ouT
oL When control output reaches
When control output reaches OH, PID OH. PID tation i
computation continues but its integration ! " csmp;; on 'St |
term is adjusted so that the computation sufpetn_ ef_ ag t(;eHcon ro
result gradually falls below OH, at which outputis Tixed a |
time normal PID computation resumes
automatically.
Automatic mode (with ARW set to 0) Manual mode (with ARW set to a non-zero value)

Figure C6.12  Anti-reset Windup Function

Table C6.7 Parameters Related to Anti-reset Windup

Data Position Number - . Default )
Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
183 | 383 | 583 | 783 | ARW | ARW Setting o |0 Automatic 0 RW | v

500 to 2000 (50.0 to 200.0%)

@l CAUTION

The ARW parameter is not meant for enabling and disabling the Anti-Reset Windup
function.
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C6.9

PID Selection Method (SP Number
Selection, Zone PID Selection)

Either SP Number Selection or Zone PID Selection can be selected as the PID selection
method using the Zone PID Selection (ZONE) parameter.

Setting Zone PID Selection (ZONE) to “0: Disabled” selects the SP Number Selection
method.

Setting Zone PID Selection (ZONE) to “1: Enabled” selects the Zone PID Selection
method.

Table C6.8 Parameters Related to PID Selection

Data Position Number - . Default -

Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
106 306 506 706 PIDNO |Current PID number None 1to4 — RO —
185 | 385 | 585 | 785 | ZONE |Zone PID selection None |0 Disabled 0 RW v

1: Enabled

You can read the Current PID Number (PIDNO) parameter to confirm the PID number
currently selected.

The PIDNO selects a PID parameter group, which consists of the following elements
(where n denotes the PIDNO parameter value, and is an integer ranging from 1 to 4):

- nPB Proportional Band

- nTI Integral Time

- nTD Derivative Time

- n.OH Upper Output Limit

- nOL Lower Output Limit

- nMR Manual Reset Value

- n.HYS On/Off Control Hysteresis
- nDR Forward/Reverse Switch
- n.GAIN.C Cooling Gain

- nHYS.C Cooling On/Off Control Hysteresis
- n.DB Dead Band

- n.POUT Preset Output

- nPOUT.C Cooling Preset Output
TIP

The current Set Point (1.SP to 4.SP) and Alarm Preset Value (1.An to 4.An where n=1 to 4) are selected
by the SP Number Selection (SPNO) parameter.
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C6.9.1

SP Number Selection

Setting the Zone PID Selection (ZONE) parameter to “0: Disabled” selects SP Number
Selection as the PID selection method.

The SP Number Selection method switches the set point (1.SP to 4.SP) and the PID
parameter group concurrently. It is used in batch control where the set point and PID
values are to be changed at the same time.

Use the SP Number Selection (SPNO) parameter to switch the set point and PID
parameter group.

The number specified by the SPNO parameter becomes the Current SP Number
(CSPNOQO) parameter and the Current PID Number (PIDNO). Changing the SPNO also
activates the PV tracking function (see Section C4.5, “PV Tracking”).

py 4 Decreases
(. I laccordingto SPI |
Increases : ! 3.5P ! I Down Gradient : :
according to SP \\ (No.3PID) I
Up Gradient | |
I 2.5P («
| (No.2PID)

|

|

|

|

|

|

|

| |
| |
| |
| |
A

|
|
|

1.5P | \
{ I \ Increases

(No.1PID) I (No.1PID) | | according to SP
: : : Up Gradient
1 Ll §—» Time
Switching from Switching from Switching from
1.SP to 3.SP 3.SPto 1.SP 1.SP to 2.SP

Figure C6.13  Switching of Set Point Accompanied by Change in PID Constant Group
(when switching to PV=nSP)

TIP

If the Remote/Local Selection (RMT/LOC) parameter is set to “1: Remote”, control and computation
proceeds with the value of the Remote Set Point (RSP) parameter and the PID values of the PID
parameter group specified by the SP Number Selection (SPNO) parameter.
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C6.9.2 Zone PID Selection

Setting the Zone PID Selection (ZONE) parameter to “1: Enabled” selects Zone PID
Selection as the PID selection method.

The Zone PID Selection method switches between PID parameter groups automatically
depending on the PV value. It can be used in chemical reaction apparatus where the
chemical reaction gain changes with temperature.

As shown in the figure below, the input range defined by the upper and lower limits can
be divided into three zones using the Reference Point 1 (1RP) and Reference Point 2
(2RP) parameters. You can assign optimal PID values for each of these zones. As the PV
value moves from the current zone to a different zone, the module automatically switches
to the PID values assigned to that new zone.

If the current PV is here, control
Input range upper limit proceeds using PID constants of
group 3.

PID 3

Reference point2 -r—-————-——-—----Sf - ——— N (—(———————— —

PID 2

Reference point1 r———-—4f——-——-\——-—"—-"—-"—""—"—"—-"—-———————~———— ——
PID 1

Input range lower limit >

Changes in PV
Figure C6.14 Zone PID Selection

Table C6.9 Parameters Related to Zone PID Selection

Data Position Number . . Default .
Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
186 386 586 786 1RP Reference Point 1 Industrial unit |PRL to PRH PRH RW v
187 387 587 787 2RP Reference Point 2 Industrial unit |PRL to PRH PRH RW v

Note: If 1RP = 2RP, the 2RP parameter is handled as though its value is equal to 1RP.
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B Zone Switching Hysteresis

The Zone Switching Hysteresis (RHY) parameter can be used to define a hysteresis
when switching between zones.

Zone switching hysteresis comes into play when the Current PID Number (PIDNO)
parameter is reduced, say, from 3 to 2, or from 2 to 1. It also applies when operation is
switched from PID parameter group 1, 2 or 3 to group 4, according to the Reference
Deviation (RDV) parameter.

PV

Reference point 1 /

Zone switching
1 _yhysteresis width

\

PID 1 PID 2 PID 1 PID 2
Figure C6.15 Hysteresis Width

Table C6.10 Parameters Related to Hysteresis
Data Position Number

Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Default Value Attribute | Stored

188 | 388 | 588 | 788 | RHY |Zone Switching Hysteresis '“dl‘jrfitt”a' 0to (PRH-PRL) |(PRH—PRL)x05% | RW | v
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B Reference Deviation

The Reference Deviation (RDV) parameter allows you to switch between PID parameter
groups according to the magnitude of the deviation.

When the difference between the PV and CSP is larger than the value of the Reference
Deviation (RDV) parameter, the PID parameter group intended for large deviations is
selected (PIDNO = 4).

For instance, when the deviation is large, proportional band can be reduced to bring the
PV to the CSP more quickly.

PID parameter group switching by the Reference Deviation (RDV) parameter has priority
over switching by the Reference Point (1RP, 2RP) parameters. In addition, when the
deviation falls below the Reference Deviation (RDV), operation reverts to using the Zone
PID parameter group corresponding to the PV at that point.

The Zone Switching Hysteresis (RHY) parameter applies when a switchover from PID
parameter group 1, 2 or 3 to PID parameter group 4 is made due to reference deviation.

Table C6.11 Parameters Related to Reference Deviation

Data Position Number - . Default )
Loopl | Loop2 | Loop3 | Loopa Symbol Description Unit Data Range Value Attribute | Stored
0 to (PRH-PRL)
189 389 589 789 RDV |Reference deviation | Industrial unit |Setting to 0 disables the 0 RW v
reference deviation function.
A
2.RP .
RHY (Hysteresis)
_______________________________________ 7 T _I_R_HY (Hysteresis)
A
/ RDV (Reference deviation)
Control set /\ Y
point (CSP) S ——— A
v RDV (Reference deviation)
7[ _________________________________________ RHY (Hysteresis)
1.RP
_______________________________________________ RHY (Hysteresis)
il | - |l t
PID 4 PID 2 PID 4

Figure C6.16 Reference Deviation Selection
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C7. Operation Control

Cr.1

Run/Stop Switch

Setting the Run/Stop Selection (RUN/STP) parameter to “0: Stop” stops PID
computation, and outputs the preset output. The preset output is output as is,
unconstrained by the upper and lower output limits. The output rate-of-change limit is

also disabled in Stop mode.

The output value in Stop mode depends on the Control Type Selection (OT) as shown in

the table below.
Table C7.1  Control Output in Stop Mode

oT Control Output (HOUT)

Cooling Control Output (COUT)

0 Preset output (POUT)

0%

1 0% if preset output (POUT) < 0.0%;
100.0% if POUT = 0.1%

0%

2 Preset output (POUT)

Cooling preset output (POUT.C)

3 0% if preset output (POUT) < 0.0%;
100.0% if POUT 2 0.1%

0% if cooling preset output (POUT.C) < 0.0%;
100.0% if POUT.C 2 0.1%

Switching from “Run” to “Stop” bumps the output value to the preset output.

For details on the operation after switching from “Stop” to “Run,” see Section C7.1.1,
“Operation after Switching from Stop Mode to Run Mode”

Result of PID
computation

{

Output limiter

STP/RUN Switching between

: Run and Stop

Figure C7.1

Stop

Block Diagram for RUN/STP Parameter
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Cr.1.1

Operation after Switching from Stop Mode to Run
Mode

When OT =“0: PID Control”:

In general, the switch is “bump-less” on the control output value. However, if the preset
output is beyond the upper and lower output limits (OH, OL), the output value bumps to a
value limited by OH and OL.

In Automatic mode, control and computation begins with the control output value
immediately after the switch as the origin (if Integral Time is off, the control output value
bumps to the new value).

In Manual mode, the control output (POUT) value is copied to the Manual Output
(MOUT) register when switching from Stop Mode to Run Mode.

(1) Switching from Stop to Run in
Automatic mode (when POUT < OL)

(2) Switching from Stop to Run
in Manual mode

Control output Control output MOUT is
A A changed
MOUT=POUT
Control and
computation L N
begins from
oL POUT
oLpr-——————¥-————————- —
POUT

Switching from Stop to Run Switching from Stop to Run

Figure C7.2  Switching to Run Mode in PID Control

When OT =*“1: On/Off Control”:

In Automatic mode, the control output value is determined by the PV and CSP values,
independent of the control output value in Stop mode.

In Manual mode, the control output (POUT) value is copied to the Manual Output
(MOUT) register when switching from Stop mode to Run mode.

(1) Switching from Stop to Run in
Automatic mode (when PV < CSP)

(2) Switching from Stop to Run
in Manual mode

Control output Control output

MOUT is
A A changed
POUT MOUT=POUT
ON ON
Turns on
because
POUT\ PV < CSP POUT\
OFF frmmmeeded e OFF
» Time > Time

Switching from Stop to Run Switching from Stop to Run

Figure C7.3  Switching to Run Mode in On/Off Control
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When OT =*“2: Heating/Cooling PID Control”:

The control output value and the cooling control output value bump to 0.0%. However, if
the Dead Band (DB) is negative, the control output value may bump to a value other than
0.0% (defined by the setting).

In Automatic mode, control and computation begins with the control output value
immediately after the switch as the origin (if the Integral Time (TI) is set to ‘0: OFF’, the
control output bumps to the new value).

In Manual mode, the computed control output (HOUT, COUT) values are copied to the
manual output (MOUT, MOUTC) registers when switching from Stop mode to Run mode.

(1) Switching from Stop to Run in
Automatic mode (when DB = 0)

Control output

(2) Switching from Stop to Run in
Manual mode (when DB < 0)

Control output
When

A Control and A
computation PRH=100.0, PRL=0.0
HOUT begins from 0% HOUT PB=50.0, DB=-20.0
POUT POUT GAIN.C=0.50
couT couT /
POUTCp=====c==== POUTCf=====c==== MOUT=20%
MOUTC=10%
0% » Time 0% » Time
Switching from Stop to Run Switching from Stop to Run
Figure C7.4  Switching to Run Mode in Heating/Cooling PID Control

When OT =*"3: Heating/Cooling On/Off Control”:

In Automatic mode, the output values are determined by the PV and CSP, independent of
the output values in Stop Mode.

In Manual mode, the computed control output (HOUT, COUT) values are copied to the
manual output (MOUT, MOUTC) registers when switching from Stop mode to Run mode.

(1) Switching from Stop to Run
in Automatic mode (when
DB =0 and PV < CSP)

Control output

(2) Switching from Stop to Run
in Manual mode

Control output

MOUT is

A A set to 0%
HOUT HOUT MOUT
ON ON
CcouT
OFF HOUT=ON OFF MOUTC
CcouT
» Time » Time

Switching from Stop to Run
Figure C7.5

Switching from Stop to Run
Switching to Run Mode in Heating/Cooling On/Off Control

For all control output states, the operation of the secondary loop in Cascade mode is the
same as that in Automatic mode.

Table C7.2 Parameters Related to Run/Stop Switching
Data Position Number - . Default .

Loopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
217 417 617 817 1.POUT |Preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
237 | 437 | 637 | 837 2POUT |Preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
257 | 457 | 657 | 857 3.POUT |Preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
277 477 677 877 4.POUT |Preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
218 418 618 818 | 1.POUT.C |Cooling preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
238 438 638 838 | 2.POUT.C [Cooling preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
258 458 658 858 | 3.POUT.C |Cooling preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
278 478 678 878 | 4.POUT.C |Cooling preset output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
121 321 521 721 | RUN/STP |Run/Stop Selection None |0: Stop 1: Run 0 RW —
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C7.2

Automatic/Manual Switch

Setting the Automatic/Manual/Cascade Selection (A/M/C) parameter to “1: Manual”
allows you to output any arbitrary value manually. Manual output operates only when the
Run/Stop Selection (RUN/STP) parameter is set to “Run”. If “Stop” is specified, the
preset output is output instead. (See Section C7.1, “Run/Stop Switch”)

When changing the Automatic/Manual/Cascade Selection (A/M/C) parameter from
“Automatic” to “Manual” in Run mode, the control output value remains the same before
and after the change. That is, the switch is “bump-less”.

In Manual mode, the PID computation function stops and the output value can be
changed manually using the Manual Output (MOUT) parameter and the Cooling Manual
Output (MOUTC) parameter. Specifying a manual output value beyond the range defined
by the Upper Output Limit (OH) and Lower Output Limit (OL) parameters will result in a
control output limited by OH and OL. The output rate-of-change limit is, however,
disabled in Manual mode.

In On/Off Control mode, only output values of 100% or 0% are allowed. (For details, see
paragraph “® Manual Operation” in Section C2.4.1, “On/Off Control Output”).

In Heating/Cooling PID Control mode, manual output is carried out on the heating output
or the cooling output. (For details, see “® Manual Operation” in Section C2.4.3,
“Heating/Cooling PID Control.”)

In Heating/Cooling On/Off Control mode, manual output can be carried out separately for
the heating output and the cooling output. Only output values of 100% or 0% are allowed.
(For details, see “B Manual Operation” in Section C2.4.4, “Heating/Cooling On/Off
Control.”)

Result of PID
computation

MOUT
A/M/C Switching between Manual O Automatic

: Automatic and Manual

| Output Limiter

8

Figure C7.6  Manual Operation Block Diagram

To check whether a loop is in Automatic or Manual mode, use the Auto/Manual (A/M)
input relay.
Table C7.3 Parameters Related to Automatic/Manual Switching

Input Relay Number
XO0O0nn™t Symbol Description Data Range Interrupt
Loopl | Loop2 | Loop3 | Loop4
X03 | X11 | X19 | x27 AM Auto/Manual 0: Automatic; 1: Manual —

*1 OO0 denotes the slot number where the module is installed.
*2 For details on how to check the operating status in Cascade Control mode, refer to descriptions on cascade control.
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Cr.21

Operation after Switching from Manual Mode to
Automatic Mode

When OT =*"0: PID Control” or OT =*"2: Heating/Cooling PID Control”:

The switch is “bump-less” on the control output value. Control and computation begins
with the output value immediately after the switch as the origin (if Integral Time (TI) is set
to “0: OFF”, the control output bumps to the new value).

(1) Switching from Manual to Automatic (2) Switching from Manual to Automatic in
in PID Control Heating/Cooling PID Control

Control output Control output

A A Control and
computation
Control and begins

computation

begins from
MOUT MOUTC

MOUT " = =~ —————— >

MOUT e
» Time 0% = » Time

Switching from Manual to Automatic Switching from Manual to Automatic
Figure C7.7 Switching to Automatic Mode in PID Control or Heating/Cooling PID Control

When OT =*“1: On/Off Control” or OT =“3: Heating/Cooling On/Off Control”:

The control output value is determined by the PV and CSP values, independent of the
control output value in Manual mode.

(1) Switching from Manual to Automatic in (2) Switching from Manual to Automatic
On/Off Control (when PV < CSP) in Heating/Cooling On/Off Control
(when DB =0 and PV < CSP)
Control output Control output
A A

HOUT
oN onboMoute | e

Turns on because
MOUT PV < CSP couT

™ OFF eUT_ | ...
OFF

Switching from Manual to Automatic Switching from Manual to Automatic

Figure C7.8 Switching to Automatic Mode in PID Control or Heating/Cooling PID Control

Table C7.4 Parameters Related to Automatic/Manual Switching

Data Position Number Default

Attribute | Stored

Loopl

Loop2

Symbol Description Unit Data Range

Loop3 | Loop4 Value

134

334

OL to OH: for single output
534 734 MOUT  |Manual output % 0 to OH: for heating/cooling 0 RW —
output

135

335

535 735 MOUTC |Manual Cooling output % 0to OL 0 RW —

122

322

0: Automatic
None |[1: Manual X 0 RW —
2: Cascade '

Automatic/Manual/

522 22 AMIC Cascade Selection

*1 The controller mode must be set to Cascade Control before Automatic/Manual/Cascade Selection (A/M/C) can be
set to 2 (Cascade). In cascade control, operation proceeds according to the setup for the even-numbered loop (loop 2
or 4).
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C7.3 Remote/Local Switch

You can use the Remote/Local Selection (RMT/LOC) parameter to switch between Local
mode and Remote mode.

In Local mode, one of the preset Set Point parameters (1.SP to 4.SP) is used as the set
point. For details, see Section C4.1, “Set Point (SP).”

In Remote mode, an external value that is obtained and written to the Remote Set Point
(RSP) parameter is used as the set point. For details, see Section 4.2, “Remote Set
Point.”

CisP )C2sP YC3sP YC asP ) (C RsP )

!

6 Remote

Figure C7.9 Block Diagram for Remote/Local Switching

Table C7.5 Parameters Related to Remote/Local Switching

Data Position Number . . Default .

Loopl | Loop? | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
133 | 333 | 533 | 733 RSP  |Remote Set Point '”dl:*r?itt”a' PRL to PRH PRL RW —
124 | 324 | 524 | 724 | RMT/LOC |Remote/Local Selection | None |0 Local 0 RW —

1: Remote
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C7.4 Automatic/Manual/Cascade Switch

Automatic/Manual/Cascade switching is enabled only in cascade control. Setting is
performed using the Automatic/Manual/Cascade Selection (A/M/C) parameter of the
even-numbered loop.

Figure C7.10 shows the mode transition diagram.

Cascade

Figure C7.10 Switching Modes

Table C7.6  Operating Status and Input Relays in Cascade Control

AMIC 0dd-numbered Loop Even-numbered Loop
(even-numbered | RUtNF'eswf AIM | RUtNI'?Swf AM
loop) NpULRegister Input Relay * UL Register Input Relay *
CAS AUT/MAN RMT/LOC CAS AUT/MAN | RMT/LOC
0: Automatic 0 0 Same as RMT/LOC 0 0 0 0 0
1: Manual 0 1 I/O register of the 0 0 1 0 1
2: Cascade 1 0 odd-numbered loop 1 1 0 1 0
*1 By reading the A/M input relay for both the odd-numbered and even-numbered loops, you can determine whether a
loop is in automatic, manual or cascade mode.
Table C7.7 Parameters Related to Cascade Mode Switching
Data Position Number - . Default .
Loopl [ Loop2 | Loop3 | Loopa Symbol Description Unit Data Range Value Attribute | Stored
108 308 | 508 708 | RUN.STUS |Operating Status None |See Table B2.13 — RO —
. 0: Automatic
322 722 | amc |AutomaticManual/Cascade | oo 1 Manyal o | RW | —
Selection :
2: Cascade

Table C7.8 Input Relays Related to Cascade Mode Switching

Input Relay Number
XOOOnn Symbol Description Data Range Interrupt
Loopl | Loop2 | Loop3 | Loopd
X03 X11 X19 | X27 AM Automatic/Manual 0: Automatic; 1: Manual —
*1 OO0 denotes the slot number where the module is installed.
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Cr4.l

Cr.4.2

Cascade Mode

In cascade mode control, the output value of the primary loop is used as the set point of
the secondary loop.

The primary loop uses the control set point (CSP1) of the odd-numbered loop and the
process value (PV1) of the odd-numbered loop to perform control and computation
(PID1) of the odd-numbered loop.

The secondary loop uses the control output value (OUTPUT1) of the odd-numbered loop
as the control set point (CSP2), uses the process value (PV2) of the even-numbered loop
to perform control and computation (PID2) of the even-numbered loop, and outputs the
control output value (OUTPUT2).

O — PVI Fe-ommmmmee- PV2 D)----
(CcsP1 )
Y A 4

A 4
Output1

A 4
emeorenneneneo s Covpu) -~

Control
output value

Figure C7.11  Schematic Diagram for Cascade Control

When switching from Automatic or Manual mode to Cascade mode, as the PID1 output
from the primary loop is set equal to CSP2 of the secondary loop beforehand, the PID
control output from the secondary loop will change smoothly in cascade mode starting
with the current output value.

Automatic Mode

In Automatic mode, only the secondary loop is operating.

The secondary loop uses the control set point of the even-numbered loop (CSP2) and
the process value of the even-numbered loop (PV2) to perform control and computation
in the even-numbered loop (PID2) and output the control output value (OUTPUT2).

The primary loop has no effect on control but its measured value can still be read.

pmm-mo-o- PVI --mmmmmmmoo PV2 )----
| }
}
i (CCsP1 ) (csp2 ) !
! v v |
! »  PID1 » PID2 :
[}
i !
! }
: A4 |
| ( Output1 ) :
l !
}
1 v :
oo (Covbuz y---*
Control

output value
Figure C7.12 Schematic Diagram in Automatic Mode

When Cascade mode is switched to Automatic mode, the value of CSP2 is determined
by the SP value of the secondary loop (even-numbered loop). Therefore, it is
recommended that you temporarily set the SP value equal to the CSP2 value
immediately before transiting from Cascade to Automatic mode. To inherit the set point in
Cascade mode, set SP Tracking Mode (SP.TR) of the secondary loop to "0: ON".
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C7.4.3 Manual Mode

In Manual mode, you can output any arbitrary value.

The secondary loop outputs as control output values (OUTPUTZ2) the values of the
manual output (MOUT and MOUTC) parameters of the even-numbered loop.

The PV2 and CSP2 values of the secondary loop, as well as the primary loop have no
effect on control. However, the PV1 and PV2 values can still be read.

Control
output value

Figure C7.13  Schematic Diagram in Manual Mode
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C7.5

Preset Output Function

When the Run/Stop Selection (RUN/STP) is set to “Stop”, the values of the Preset Output
(POUT, POUTC) parameters are output as the control output values.

These values are also output when a burnout or AD converter error is detected provided
the Automatic/Manual/Cascade Selection (A/M/C) parameter is set to “Automatic” or
“Cascade’.

The preset output (POUTC, POUTC) values are unrestricted by the values of the Upper
Output Limit and Lower Output Limit (OH and OL) parameters.

Table C7.9 Parameters Related to Preset Output

Data Position Number - . Default -

Loopl | Loop2 | Loop3 | Loopd Symbol Description Unit Data Range Value Attribute | Stored
217 417 617 817 1.POUT |Preset Output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
237 437 637 837 2POUT |Preset Output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
257 457 657 857 | 3.POUT |Preset Output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
277 477 677 877 4.POUT |Preset Output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
218 418 618 818 | 1.POUT.C |Cooling Preset Output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
238 438 638 838 | 2.POUT.C |Cooling Preset Output | % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
258 458 658 858 | 3.POUT.C |Cooling Preset Output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
278 478 678 878 | 4.POUT.C |Cooling Preset Output % |-50 to 1050 (-5.0 to 105.0%) 0 RW v
121 321 521 721 | RUN/STP |Run/Stop Selection None |0: Stop 1: Run 0 RW —
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C8. Alarm Function

This chapter describes the alarm function of the module.
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The module provides four alarms for each loop. Each alarm can be disabled or its
alarm type can be selected from a list of available alarm types.

In addition, four sets of alarm preset values can be defined for each loop. Each set
of alarm preset values consists of four preset values for the four alarms of a loop.
You can specify which set of alarm preset values is to be used during operation
using the SP Number Selection (SPNO) parameter. You can also modify the alarm
preset value of an alarm during operation.

f“{" v -. : v : v — . ! v

Alarm processing Alarm processing Alarm processing Alarm processing

| d °

\ 4
PR ST smmmbmema. o asesheess .
'

< _ALMiRn % < _ALM2Rn_> ¢ ALMSTUS

---------------- weosecevesas?

".m" denotes the SPNO number,
ranging from 1 to 4. N .
".n" denotes a loop number, 2 Input register

ing fi 1to 4.
ranging from 1 0 CD 1o resister

Figure C8.1 Block Diagram of Alarm Functions

ﬁ CAUTION

Alarms 3 and 4 have no associated input relay. Their statuses are indicated by
corresponding bits of ALM.STUS.
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Table C8.1  Alarm Parameters
Data Position Number - . Default . See
Loop 1] Loop 2 | Loop 3| Loop 4 Symbol Description Unit Data Range Value Attribute | Stored AlSo
] - 0,
102 | 302 | 502 | 702 PV |Process value Industrial 5.0 to 105.0% of (PRL to — RO | — | c3
unit  [PRH)
103 | 303 | 503 | 703 | CSP |Control set point Industial|pRL to PRH — | RO | — | c4
107 307 507 707 | CSPNO |Current SP number None |1to4 — RO — C4
Each bit represents an alarm
109 309 509 709 |[ALM.STUS|Alarm status None |condition, which is either on — RO — C8.1
or off.
128 328 528 728 SPNO [SP number selection None [1to4 1 RW — C4.1
202 402 602 802 1.A1  |Alarm 1 preset value PRH RW v C8.4
i v
203 403 603 803 1.A2 |Alarm 2 preset value |nduanaI -30000 to 30000 PRL RW C8.4
204 404 604 804 1.A3 |Alarm 3 preset value unit PRH RW v C8.4
205 405 605 805 1.A4 |Alarm 4 preset value PRL RW v C8.4
222 422 622 822 2.A1 |Alarm 1 preset value PRH RW v C8.4
i v
223 423 623 823 2.A2 [Alarm 2 preset value Indugtr|a| -30000 to 30000 PRL RW C8.4
224 424 624 824 2.A3 |Alarm 3 preset value unit PRH RW v C8.4
225 425 625 825 2.A4 |Alarm 4 preset value PRL RW v C8.4
242 442 642 842 3.A1 |Alarm 1 preset value PRH RW v C8.4
i v
243 443 643 843 3.A2  [Alarm 2 preset value Indugtr|a| -30000 to 30000 PRL RW C8.4
244 444 644 844 3.A3 |Alarm 3 preset value unit PRH RW v C8.4
245 445 645 845 3.A4 |Alarm 4 preset value PRL RW v C8.4
262 462 662 862 4.A1  |Alarm 1 preset value PRH RW v C8.4
i v
263 463 663 863 4.A2 |Alarm 2 preset value |nduanaI -30000 to 30000 PRL RW C8.4
264 464 664 864 4.A3 |Alarm 3 preset value unit PRH RW v C8.4
265 465 665 865 4.A4 |Alarm 4 preset value PRL RW v C8.4
0: OFF
1:  Upper limit
281 481 681 881 AL1 Alarm 1 type 2. Lower limit 1 RW v C8.1
3: Upper deviation limit
4: Lower deviation limit
7: Upper/lower deviation
282 | 482 | 682 | 882 AL2  |Alarm 2 type limit 2 RW v | c8.1
8: Deviation range
11: Upper limit with waiting
None 12: Lower limit with waiting
13: Upper deviation limit with
283 483 683 883 AL3  |Alarm 3 type waiting 1 RW v C8.1
14: Lower deviation limit with
waiting
17: Upper/lower deviation
284 | 484 | 684 | 884 AL4  |Alarm 4 type limit with waiting 2 RW v | c8.1
18: Deviation range with
waiting
285 485 685 885 HY1 Alarm 1 hysteresis (PRH RW v C8.1
286 486 686 886 HY2 |Alarm 2 hysteresis Industrial J RW v C8.1
287 | 487 | 687 | 887 | HY3 |Alarm 3 hysteresis unit |0 0 (PRH-PRL) F;R;,)/X RW v | C81
288 488 688 888 HY4 |Alarm 4 hysteresis o RW v C8.1
289 489 689 889 DLY1 |Alarm 1 ON delay RW v C8.3
290 490 690 890 DLY2 |Alarm 2 ON delay second |0 to 999 0 RW v C8.3
291 491 691 891 DLY3 |Alarm 3 ON delay RW v C8.3
292 492 692 892 DLY4 |Alarm 4 ON delay RW v C8.3
Table C8.2  Alarm Input Relays
Input relay Number
XOOOnn * Symbol Description Data Range Interrupt
Loop 1|Loop 2 |Loop 3|Loop4
01 09 17 25 ALM1.R |Alarm 1 0: Normal, 1: Alarm 1 v
02 10 18 26 ALM2.R |Alarm 2 0: Normal, 1: Alarm 2 v

* OO0 denotes the slot number where the module is installed.

Z@ CAUTION

Alarms 3 and 4 have no associated input relay. Their status is indicated by the
corresponding bit of ALM.STUS.
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C8.1

Alarm Types

Table C8.3 lists the alarm types. For details on their operations, see Table C8.4.

Table C8.3  List of Alarm Types
Alarm Types Description Alarm Types Description
0 No alarm
1 Upper limit without waiting 11 Upper limit with waiting
2 Lower limit without waiting 12 Lower limit with waiting
3 Upper deviation limit without waiting 13 Upper deviation limit with waiting
4 Lower deviation limit without waiting 14 Lower deviation limit with waiting
7 Upper/lower deviation limit without waiting 17 Upper/lower deviation limit with waiting
8 Deviation range without waiting 18 Deviation range with waiting
Table C8.4 describes the alarm functions. Alarm types 1-8 are without waiting, and alarm
types 11-18 are with waiting. For details on the wait function, see Section C8.2, "Wait
Function."
Table C8.4  Alarm Functions
Operation Operation
Alarm Alarm Alarm
- ‘ON’, ‘OFF’ denote alarm - (AN AL - Alarm Type
Function conditions Type Function ON’, ‘OFF’ denote alarm conditions
No alarm OFF
HysteLeisis
Hysteresis Lower 4
Upper limit " |deviation ON T OFF
P A
OfFj L ON 49 [limit Deviation setting ,_,| = 14
PV Alarm setting CSP
Hystereiis> Hysteresis
Hysteresis 2 |Upper/lower OFF 7
Lower limit -~ deviation ON I i z L 1 ON
ON OFF 12 |limit Deviation setting ! PV 17
7'y - :
Alarm setting PV CcSP
Hysteresis Hysteresis ~ Hysteresis
Upper 3 i 8
deviation OFF ON Pai\ggt'on OFF OFF
P . 4 A . ‘ Z‘; A_
limit PV i=—=Deviation setting 13 Deviation 39“'29»30 PV 18
csp CsP

@ CAUTION

The ALM LED on the front panel of the module lights up if any alarm (1-4) is generated in
any loop (1-4).
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B Alarm Status
Table C8.5 Alarm Status

ALM.STUS Bit o
B{W| B[ u][0]9]8]7]6][5][4]3]2]1]0] |pos| ™ Description
—1 0 ALM1 Alarm 1 occurred
1 ALM2 Alarm 2 occurred
2 ALM3 Alarm 3 occurred
3 ALM4 Alarm 4 occurred
4 ALMW1 Alarm 1 waiting
5 ALMW2 | Alarm 2 waiting
6 ALMW3 Alarm 3 waiting
7 ALMW4 Alarm 4 waiting
8 _
9 _
10 —
11 —
12 —
13 —
14 —
15 —

The data position number of ALM.STUS is 109 for loop1, 309 for loop2, 509 for loop3, or 709 for loop4.
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C8.2

Wait Function

When the wait function is specified, the alarm function is temporarily disabled (enters
wait state) for a specified period after the following events:

- Power up
- Change in SP number (SPNO)

Figure C8.2 below shows an example of the alarm function when the alarm type is set to
Lower Limit with Waiting.

°C Normal Alarm
T Normal < < >
« Lower limit alarm
preset value
A
—— Time
Power up
ON
ALM
) ON

ALMW

Figure C8.2 Operation of the Wait Function

TIP

After an alarm condition is detected, the module again enters wait state if any of the following events
occeur:

- Power up
- Change in Set Point (1.SP to 4.SP) parameter (when selected by the SPNO parameter in local mode)
- Change in the SP Number Selection (SPNO) parameter

- Change in alarm type
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C8.3

C8.4

Alarm Delay Timer

The alarm delay timer function delays the generation of an alarm. The alarm turns on
only if the alarm condition persists until a delay timer times out.

If an alarm condition disappears before a delay timer times out, the timer resets.
Changing the alarm type or powering down also resets the delay timer.

o
C Measured
value

Upper limit alarm
preset value

Time

Delay timer running -

ON

ALM

Alarm condition
occurs

Figure C8.3  Alarm Delay Timer

Selecting Alarm Preset Values

There is a set of four alarm preset values A1 to A4, which can be selected by setting the
SP Number (SPNO) parameter. Changing the SP Number changes all the alarm preset
values at the same time. For details on SP number selection, see Section C6.9.1, "SP
Number Selection."
Table C8.6  Selection of Alarm Preset Values
Available Alarm
Preset Values
1.A1, 1.A2, 1.A3, 1.A4
2.A1,2.A2,2.A3,2.A4

1
2
3 3.A1,3.A2, 3.A3, 3.A4
4 4.A1,4.A2, 4.A3, 4.A4

SP number (SPNO)

TIP
- Changing the SPNO parameter does not affect alarm type, alarm hysteresis, or alarm delay timer.

- Alarm preset values are always switched as a set of 4. Switching to an individual alarm preset value,
not in a set, is not allowed.
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C9. Disable Backup Function

The Disable Backup Function (NBKUP) can be used to suspend the automatic
storing of parameters to the EEPROM. Use this function to protect the EEPROM if
parameters are updated frequently.

The module has two types of parameters: stored and non-stored. Stored parameters
preserve their data in EEPROM even when the module is powered down provided
NBKUP is set to 0 (backup). Beware that there is a limit to the number of times stored
parameters can be updated.

For details on whether a parameter is stored or non-stored, see the individual parameter
table or the list of registers.

The default value of the Disable Backup Function (NBKUP) parameter is 0 (backup).
With NBKUP=0, when a stored parameter is updated, its data is written to the EEPROM
and thus preserved even if power supply is turned off.

As there is a maximum limit to the number of write operations (approx. 100,000 times)
allowed for the EEPROM, be careful not to exceed the limit. Once the limit is reached, a
hardware failure may occur and subsequent storage is not guaranteed.

If stored parameters are updated frequently, set NBKUP to 1 (no backup) to protect the
EEPROM. In this case, stored parameters will not be written to the EEPROM when
updated. Thus, when the module is turned off and turned on again, the parameters revert
to their last stored values and must be updated again if required.

ﬂ CAUTION

Do not attempt to change the value of the Disable Backup Function (NBKUP) parameter
from 1 (no backup) to 0 (backup) by writing to the parameter.

To enable the backup function, simply switch off and then switch on the module. Since
the NBKUP parameter is not a stored parameter, its value will reset to 0 (backup) after
power up.

TIP

If you update some parameters after changing the NBKUP parameter to 0 (backup), and then switch off
and switch on the module, you may find that not all parameter values are what you expect. This is
because the module stores parameters only when they are changed.

Table C9.1 Disable Backup Function Parameter

Data Position Number Default

Loop 1 | Loop 2 | Loop 3 | Loop 4

Symbol Description Unit Data Range Attribute | Stored

Value

Disable Backup
Function

0: Enable backup to EEPROM

NBKUP 1: Disable backup to EEPROM

None 0 RW —
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C.10 Self-diagnosis Function

This chapter describes how to identify and rectify problems that may occur at
power up or during normal operation.
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C10.1

C10.2

How to Check for Errors

When an error occurs, the ERR LED lights up, and the Operating Status (RUN.STUS)
and Error Status (ERR.STUS) registers indicate details of the error. For details on how to
identify and handle errors, see PART-D, “Troubleshooting”.

List of Error Statuses

When an error occurs, the Operating Status (RUN.STUS) and Error Status (ERR.STUS)
registers provide error information by turning on relevant bits.

Table C10.1  Error-related Parameters
Data Position Number . ) Default .
Loop L | Loop 2 | Loop3 | Loop4 Symbol Description Unit Data Range Value Attribute| Stored
— RO —
41 42 43 44 P :
RUN.STUS |Operating status  |None S;ggfzgg?rggg%lfgz For — Eg —
108 | 308 | 508 | 708 ’ - — RO —
—_ RO —_
51 52 53 54 o )
ERR.STUS |Error status None g;ggfzggqrgﬁg%fg% For — §8 —
110 | 310 | 510 | 710 ’ e — RO —
Table C10.2  Operating Status
RUN.STUS Bit -
Blu B 2[a Do 87 6 5432 1]0] [pos| Symeo Description
— 0 RUN/STP___ | 0: Stop 1:Run
1 AUT/MAN 0: Automatic 1: Manual
2 CAS 1: Cascade
3 RMT/LOC 0: Local 1: Remote
4 EXPV/PV 0: Normal input _1: External Input
5 EXOUT/OUT | 0: Normal output 1: External Output
6 _
7 —
8 B.OUT 1: PVIN burnout
9 +OVER 1: PVIN +OVER
10 -OVER 1: PVIN -OVER
11 B.OUT 1: PV burnout
12 +OVER 1: PV +OVER
13 -OVER 1: PV -OVER
14 —
15 FUNC.ERR | 1: Error detected

PVIN+OVER occurs when input exceeds 105% of the input range, and PVIN-OVER
occurs when input is below -5% of the input range. PV+OVER and PV-OVER are
equivalent to PVIN+OVER and PVIN-OVER in Single-input mode. In Two-input
Changeover mode, PV+OVER occurs when input exceeds 105% of the PV input range of
the even loop, and PV-OVER occurs when input is below -5% of the PV input range of
the even loop. For details on PVIN burnout and PV burnout, see Section C3.5, "Burnout
Detection." When the FUNC.ERR bit of the RUN.STUS parameter is set, detailed error
information is provided in the ERR.STUS parameter.

Table C10.3  Error Status

ERR.STUS

@©
=

Bl Ble|njwlolsf7]6[5/4]3[2]1]0 pos.

Usage

| I

System data error

Calibration value error
Controller or 1/0O parameter error
Operation parameter error

AD converter error

RJC error

EEPROM error

alrlolR Bl |~No|ois|w i~ e
|
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B Troubleshooting Errors at Power Up

The following table lists the errors that may be returned by the self-diagnosis procedure
at power up. Check the relevant registers shown in Table C10.1 for the error status.

Table C10.4  Startup Errors
ERR.STUS LED Indicator . Controller :
(bit pos) [ RDY ERR Error Condition Operation Measurement | Control Output | Troubleshooting Status
Unknown off off RAM error
Unknown ROM error Stops operating. Unreliable < 0% or OFF
1 System data error Norral Have the module Hardware
. I Initializes calibration orma repaired. failure
Lit Calibration value operation 0
2 value and resumes . 0% or OFF
error . (accuracy is not
normal operation.
guaranteed)
Automatically
Controller or 1/0 initializes controller or Normal operation
3 Lit parameter value I/O parameter and (accuracy is not
error resumes normal guaranteed) Parameters have been
Flashin operation. Normal initialized. Check and
9 Automatically operation set the parameters
. initializes operation again, as required.
Operation parameter )
4 parameter and Normal operation
value error
resumes normal
operation.

B Troubleshooting Operation Errors

The tables below list the errors that may be detected during operation. Check the
relevant registers shown in Table C10.1 for the error status.

Table C10.5 Operation Errors (1/2)
ERR.STUS | LED Indicator i, Controller :
(bitpos) | RDY | ERR Error Condition Operation Measurement | Control Output | Troubleshooting Status
/gl:JttoLr;atlc: Preset Input type setting wiii(:]rrect
5 AD converter error Normal operation 105% P . g
Manual: Normal
operation !
Operation continues | Reference
: . . with reference junction | junction is
6 Lit fit | RIC errorin loop compensation assumed to be Have the module Hardware
disabled. . at0°C. Normal operation repaired. failure
Normal operation
7 EEPROM error continues but Normql
parameter backup to | operation
EEPROM is not done.

*1 In Cascade Control mode, the control output originates from the secondary loop (even-numbered loop). This error,
however, results in the specified Preset Output. If this error occurs in the primary loop (odd-numbered loop), the
secondary loop is automatically switched to Automatic mode and operation continues.

Table C10.5 Operation Errors (2/2)

ERR.STUS LED Indicator -, Controller "
(bit pos.) RDY ERR Error Condition Operation Measurement | Control Output | Troubleshooting Status
Depends on Automatic: Preset
1 Flashing | PV burnout in loop Depends on burnout BSL burnout output . Check the sensor and
selection (BSL). selaction Manual: Normal Sensor circuit. Process
Lit ' operation !
- - error
Continues operation
12113 Off PV + OVERin loop |with PV =105%or | Limitvalues Normal operation | Check the process.
-5%
Out of control (due g()sxtrclginrgsigrin:o?rr;al Hardware
Unknown | Unknown | Unknown to abnormal power | CPU resets. Unknown < 0% or OFF : .
! operation, have the failure
supply or noise) .
module repaired.

*1

In Cascade Control mode, the control output originates from the secondary loop (even-numbered loop). This error,

however, results in the specified Preset Output. If this error occurs in the primary loop (odd-numbered loop), the
secondary loop is automatically switched to Automatic mode and operation continues.
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C1l1l. Selecting Temperature Unit

This section describes how to set the temperature unit used with this module.

You may switch the temperature unit between °C (Celsius) and °F (Fahrenheit)

using switch SW1-1 located on the side of the module.

SW1-1: Temperature unit selector switch
SW1-2: Power frequency selector switch

SW1-3: Input type selector switch
SW1-4: Input type selector switch

SWS5: Input type selector switch
(Input type is determined by the

combined values of SW1-3, SW1-4, and SW5.)

Note: This is the right side view of the module with its cover removed.

Figure C11.1 Input Type, Power Frequency, and Temperature Unit Selector Switches on the
Side of the Module

TableC11.1 Temperature Unit Selection

Temperature Unit Temperature Unit Selector Switch Remarks
°C OFF Factory setting
°F ON

@ CAUTION

Always turn off the power before performing switch setup.

@ CAUTION

A change in the setting of the temperature unit selector switch is processed as a change
in input type, and thus causes the input/output parameters and the operation parameters
to be reset to default values. Perform parameter setup again, if required.
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Temperature Control and PID Module
PART-D Troubleshooting
IM 34M0O6H62-02E 3rd Edition

PART-D describes how to troubleshoot problems related to the module.

D1. Before Performing Checks
D2. Troubleshooting a Specific Problem

IM 34M06H62-02E  3rd Edition : Jul.16, 2015-00



Blank Page




D1-1

D1. Before Performing Checks

This module acts on SP (set point) and PV (process value) input and performs
control and computation to output a computation result, forming a closed loop.
Therefore, any improper control parameter or input/output setup may result in
control problems, such as unstable input or no output. If you encounter these
problems, follow the troubleshooting steps given below for a specific problem and
correct any inappropriate connection or setup. For details on the errors that are
detected by the self-diagnosis function and how to recover from a detected error,
see Section C10, "Self-diagnosis Function." For details on register and relay
positions, see PART-E, "Relays and Registers."

The module stores many preset values internally. Sometimes, temporary preset
values are written for testing purposes, such as during trial runs and program
debugging, and are left uncorrected. They are stored in the module, even after
power off. Such unintentional preset values may result in unexpected operations
subsequently. If replacing a module solves a problem, it is highly likely that the
replaced module has some invalid stored preset values. In this case, we
recommend that you check all preset values. Alternatively, initialize all preset
values to their default (factory setting) and then change individual preset values as
required, and check for correct operation. For details on how to initialize all preset
values, see Section B2.5, “Initializing All Settings."

TIP

For efficient setup and monitoring of the module, we recommend that you use the Toolbox for
Temperature Control and Monitoring Modules and the Advanced Function Module Register Monitor of
WideField3.
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D2. Troubleshooting a Specific Problem

This chapter describes troubleshooting for some common error phenomena,
which may be observed during module operation. If you observe any of the
following error phenomena, follow the troubleshooting instructions described in
the corresponding text sections given on the following pages:

@
&)
©)
4
®)
(6)

Input does not change, or fluctuates excessively.

Any LED indicator other than RDY and 60 Hz is lit or flashing.
The loop is out of control (with an oscillating response)

Output does not respond to or follow a changed set point value.
Excessive overshooting

Settings are not enabled.
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(1) Input does not change, or fluctuates excessively

If input does not change, or fluctuates excessively, there may be a problem with sensor
connection, module usage, or register preset values. Follow the steps below to locate the
cause. Also see (3), "The loop is out of control (with an oscillating response)” if the
module is used as a controller.

- Confirm that the sensor is securely and correctly connected.
- Confirm that the registers are correctly set. See the table below.

Data Position Number

Loop 1] Loop 2 [Loop 3] Loop 4

Symbol Content Check Items See Also

71 SETUP | Setup B2.3

Is SETUP set to 1?
It must be set to 0.

81 FREQ

Is FREQ correctly set to match the frequency of
the power supply used? B3.1.1
It must be correctly set.

Power frequency
selection

82 SMP Input sampling period B3.1.2

Is the loop whose input does not change available
for use?

To use loops 3 and 4, Input sampling period
should be set to 200 ms.

83

MD12 Is the loop whose input does not change available

Controller mode for use? B3.1.3

84 MD34 If the loop is disabled, enable it.

142

342

Is the input type appropriate for the sensor type
542 742 IN Input type selection used? B3.2.1
Set the input type to match the sensor used.

172

372

Is excessive noise interfering with the input?

Set FL to an appropriate value. €3.10

572 772 FL Input filter
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(2) Any LED indicator other than RDY and 60 Hz is lit or flashing

If any LED indicator other than the RDY and 60 Hz LED indicators (e.g. ALM or ERR LED
indicator) is lit or flashing, an alarm or error has been detected. An input circuit may be
incorrectly connected, or the self-diagnosis function may have detected an internal error.
Follow the steps below to locate the cause.

- All loops with no sensor connected should be disabled using the controller mode
registers.

- For a loop configured for thermocouple or DC voltage input, no signal connection
must be made to its NC terminals, as shown in Section A4.3.2, "Terminal Wiring
Diagram.” Otherwise an AD converter error may be detected.

- Check that register preset values are appropriate. See the table below.

Data Position Number Symbol Content Check Items See Also
Loop 1] Loop 2[Loop 3[Loop 4
MD12 Controller mode All loops with no sensor connected must be C1
84 MD34 disabled.

102 302 502 702 PV Process value Are values proper? C3
Check the values against PRL and PRH.

108 308 508 708 RUN.STUS | Operating status Is bit 15 set? If so, check ERR.STUS. C10.2

109 309 509 709 ALM.STUS | Alarm status Are any of bits 0-3 set? If so, check the c8.1
corresponding alarm type, alarm setting, and
alarm hysteresis.

110 310 510 710 ERR.STUS | Error status Is any bit set? If so, check the indicated cause. C10.2

202 402 602 802 1.A1 Alarm 1 preset value If an alarm is detected, check its alarm conditions. | C8.1

203 403 603 803 1.A2 Alarm 2 preset value

204 404 604 804 1.A3 Alarm 3 preset value

205 | 405 605 805 1.A4 Alarm 4 preset value

222 422 622 822 2.A1 Alarm 1 preset value

223 423 623 823 2.A2 Alarm 2 preset value

224 | 424 624 | 824 2.A3 Alarm 3 preset value

225 425 625 825 2.A4 Alarm 4 preset value

242 442 642 842 3.A1 Alarm 1 preset value

243 | 443 643 843 3.A2 Alarm 2 preset value

244 444 644 844 3.A3 Alarm 3 preset value

245 445 645 845 3.A4 Alarm 4 preset value

262 | 462 662 862 4.A1 Alarm 1 preset value

263 463 663 863 4.A2 Alarm 2 preset value

264 464 664 864 4.A3 Alarm 3 preset value

265 | 465 665 865 4.A4 Alarm 4 preset value

281 | 481 681 | 861 ALl Alarm 1 type

282 | 482 682 | 862 AL2 Alarm 2 type

283 | 483 683 | 863 AL3 Alarm 3 type

284 | 484 | 684 | 884 AL4 Alarm 4 type

285 485 685 885 HY1 Alarm 1 hysteresis

286 | 486 686 886 HY2 Alarm 2 hysteresis

287 487 687 887 HY3 Alarm 3 hysteresis

288 488 688 888 HY4 Alarm 4 hysteresis
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(3) The loop is out of control (with an oscillating response)

If the loop is out of control (with an oscillating response), it may be due to an improper
value in an operation control, input, control or output parameter. Follow the steps below
to locate the cause.

Data Position Number Symbol Description Check Items See Also
Loopl | Loop2 | Loop3 | Loop4
121 321 521 | 721 RUN/STP | Run/stop selection Is RUN/STP set to “1: Run”? C71
122 | 322 | s22 | 722 | amic | Automatic/manual Is AIM/C set to either Automatic or Cascade? | C.7.4
cascade selection
Is ON/OFF Control selected?
141 341 541 | 741 oT Control type selection ON/OFF control tends to result in an c21
oscillating output.
181 | 381 | 581 | 781 SELF | Dynamic auto-tuning c51
enable
182 382 582 | 782 SC "Super" enable code C6.7
191 391 591 | 791 CT Cycle time Cc24
192 392 592 | 792 CTc Cooling cycle time C24

If time proportional output is selected, check that the cycle time (CT) is compatible
with the system response. In this mode, the input sampling period is actually
determined by CT. If the actuator allows, you can reduce CT to improve the system
characteristics.

Are the PID parameters automatically set with auto-tuning? If so, check that the PID
parameter values are proper. For details on how to start auto-tuning, see Section
C5.2, "Auto-tuning." For details on how to adjust the PID parameters manually, see
Section C6.5, "Manual Adjustment of PID Constants."

Are the PID parameters automatically set with dynamic auto-tuning? If so, check that
the PID parameter values are proper. If not, disable dynamic auto-tuning, and either
use (normal) auto-tuning or manually set the PID parameters. For details on how to
start auto-tuning, see Section C5.2, "Auto-tuning." For details on how to manually
tune the PID parameters, see Section C6.5, "Manual Adjustment of PID Constants."

Is the control output fluctuating excessively? If so, you can adjust the PID
parameters, input filter or relative positions between sensors and actuators to
suppress fluctuations.

If multiple loops are used, are they interfering with each other? If sensors or
actuators of different loops are located too near to each other, the output from one
loop may significantly affect the PV value of another loop.

If the above measures still fail to solve the problem, replace the loop and repeat the
same troubleshooting steps. If you have a spare module, replace the module and
repeat the same troubleshooting steps. If the problem persists, check for and correct
any faulty sensors or wiring. If the problem disappears, check the operation as
described in Section D1, "Before Performing Checks."
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(4) Output does not respond to or follow a changed set point
value

Does the control set point (CSP) change with the set point (SP)? If not, check
whether the SP Up Gradient (SPR.UP), SP Down Gradient (SPR.DN) and SP
Gradient Time Unit (SPR.TM) parameters have been specified inadvertently. Setting
the SP gradient parameters will slow down the response of the CSP.

Is the output type of the loop correctly selected? Is the wiring to a controlled load
correct? Is an external 24 V DC power supply connected to the module? Remember
that an output from the module requires an external power supply to drive the load.

Does the output change with SP? If not, check the value of the control output
parameter (HOUT or COUT). Also check the values of the Output Type Selection
(OUTPUT), Output Terminal Selection (OUTSEL 1-4), and Forward/Reverse Switch
(DR) parameters. Remember that output is either 0 or 100% in ON/OFF control
mode.

If the above measures still fail to solve the problem, see (1), "Input does not change,
or fluctuates excessively" given in this chapter.

(5) Excessive overshooting

(6) Settings

Is the overshooting suppression function "Super" enabled? If not, enable it and check
if the problem disappears.

If "Super" is enabled, disable it by setting SC to 0 to see if the problem disappears.
Sometimes, "Super" may increase instead of reduce overshooting when PID
parameter values are inappropriate.

Try to suppress overshooting by adjusting the PID parameters as described in
Section C6.5, "Manual Adjustment of PID Constants."

If the above measures still fail to solve the problem, replace the loop and repeat the
troubleshooting steps. If you have a spare module, replace the module and repeat
the troubleshooting steps.

are not enabled

Controller parameters and I/O parameters (input and output types, input range, and
PV range) must be enabled before their setting can take effect. For details on how to
enable parameter settings, see Section B2.3, "How to Enable Settings."
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Temperature Control and PID Module

PART-E Relays and Registers
IM 34M06H62-02E 3rd Edition

PART-E lists all the relays and registers used by the module, which can be
accessed from a sequence CPU or BASIC CPU as described in Sections B1.1 to
B1.3 (see the table below). For details on precautions when accessing the module
from a CPU, see also Chapter B2, “Types of Relays and Registers”.

For Information on: See Also:
Accessing from the sequence CPU B1.1, "Accessing Using Sequence Instructions"
Accessing from the BASIC CPU B1.2, "Accessing Using BASIC"
Precautions when writing to the module | B1.3, "Writing and Reading after Powering On"
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E1l. List of Registers

Table E1.1 Common Process Data

Data Position Number - .
Loopl | Loop2 | Loop3 | Loop4 Symbol Description Attribute | Stored | See Also
1 PV.1 RO _
2 3 Egg Process value 28 —C3
4 PV.4 RO —
5
6
£73 Not used
9
10
11 CSP.1 RO —
12 13 ggig Control set point 28 —C4
14 CSP.4 RO —
15
16
1; Not used
19
20
21 HOUT.1 RO —
22 HOUT2 | ontrol output RO — |C2
23 HOUT.3 RO — |C7.1
24 HOUT .4 RO —
25
26
% Not used
29
30
31 COUT.1 RO —
32 33 ggﬂig Cooling control output 28 : C7.1
34 COuUT .4 RO —
35
36
3; Not used
39
40
41 RUN.STUS.1 RO —
42 23 §8m§$3§§ Operating status 28 —C10
44 | RUN.STUS.4 RO —
45
46
j; Not used
49
50
51 ERR.STUS.1 RO —
2 e e s o= o
54 | ERR.STUS.4 RO —
55
56
57
58 Not used
59
60
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Table E1.2 Analog Output Settings

Data Position Number . . See
Loop 1] Loop 2| Loop 3] Loop 4 Symbol Description Attribute | Stored Also
61 AOUT1 RW —
62 AOQUT2 RW —
63 AOUT3 RW —
64 AOUT4 RW —
65 AOUTS Output preset value RW —C25
66 AOUT6 RW —
67 AOUT7 RW —
68 AOQOUT8 RW —
69
70 Not used
Table E1.3 Setup Control Parameters
Data Position Number i . See
Loop 1 | Loop 2 | Loop 3 | Loop 4 Symbol Description Attribute | Stored Also
71 SETUP Setup RW —
72 OPE Setup instruction operand RW — |B23
73 STUS Setup instruction response RO —
74 SPWR Write Set Point to EEPROM RW — |B2.4
Table E1.4 Function Control Parameters
Data Position Number - . See
Loop L[ Loop 2| Loop 3| Loop 4 Symbol Description Attribute | Stored Also
75 NBKUP Disable backup function RW — |Co9.
76 Not used
;; EEP.CNTR |EEPROM write counter RO — |B2.2.6
79
80 Not used
Table E1.5 Controller Parameters
Data Position Number . . See
Loop 1| Loop 2] Loop 3] Loop 4 Symbol Description Attribute | Stored Also
81 FREQ Power frequency selection RW v |C3.2
82 SMP Input sampling period RW v |B3.1.2
83 MD12 RW v
84 MD34 Controller mode RW - C1.
85
36 Not used
87 OUTPUT Output type selection RW v |C2.2
88
39 Not used
90 REV Firmware revision RO — |—
91 OUTSEL1 RW v
92 OUTSEL?2 RW v
93 OUTSEL3 RW v
94 OUTSEL4 . . RW v
95 OUTSELS Output terminal selection RW 7 C2.3
96 OUTSEL6 RW v
97 OUTSEL7 RW v
98 OUTSELS8 RW v
99
100 Not used
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Table E1.6 Process Data

LoopDlatﬁoi)(:)SIZtlol?o'z:rng_roop 2 Symbol Description Attribute | Stored :Ii?)
101 301 501 701 PVIN Input process value RO — les
102 302 502 702 PV Process value RO — )
103 303 503 703 CSP Control set point RO — |C4.
104 304 504 704 HOUT Control output RO — |C2.
105 305 505 705 COouT Cooling control output RO — |C71
106 | 306 506 706 PIDNO Current PID number RO — |C6.9
107 307 507 707 CSPNO Current SP number RO — |C41
108 308 508 708 RUN.STUS |Operating status RO — |C10.
109 309 509 709 ALM.STUS |Alarm status RO — |C8.
110 310 510 710 ERR.STUS |Error status RO — |C10.
111 311 511 711 AT.STUS Auto-tuning status RO — |C5.2
112 312 512 712
113 313 513 713
114 314 514 | 714
115 315 515 | 715
116 316 516 716 Not used
117 317 517 717
118 318 518 718
119 319 519 719
120 | 320 520 | 720

Table E1.7 Operation Control Parameters

LoopDlatiol::)c;flztlol?o’::n;biroop 2 Symbol Description Attribute | Stored ;ZZ
121 321 521 721 RUN/STP Run/stop selection RW — |C7.1
122 322 522 722 A/M/C Auto/manual/cascade selection RW — 2;421
123 323 523 723 INSEL Input selection RW — |C3.11
124 324 524 724 RMT/LOC Remote/local selection RW — |C7.3
125 325 525 725 EXPV/PV External/normal input selection RW — |C3.12
126 326 526 726 EXOUT/OUT |External/normal output selection RW — |C2.6
127 327 527 727 AT Start auto-tuning RW — |C5.2
128 328 528 728 SPNO SP number selection RW — |C4.1
129 | 329 529 729 Not used
130 | 330 530 | 730
131 331 531 731 EXPV External input RW — |C3.12
132 332 532 732 EXRJC Reference junction temperature RW — |C3.6
133 333 533 733 RSP Remote set point RW — |C4.2
134 334 534 734 MOUT Manual output RW — |C7.2
135 335 535 735 MOUTC Manual cooling output RW — |C7.4
136 336 536 736 EXOUT External output RW — |C2.6
137 | 337 537 737
138 | 338 538 738 Not used
139 | 339 539 739
140 | 340 540 | 740
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Table E1.8 1/O Parameters

LoopDlatioi)opsglol?o'z:rgbigop ) Symbol Description Attribute | Stored ASIZ%
141 341 541 741 oT Control type selection RW v |C21
142 342 542 742 IN Input type selection RW v |C3.1
143 343 543 743 RH Input range upper limit RW v
144 344 544 744 RL Input range lower limit
145 345 545 745 DEC.P Decimal point position RO v c3.3
146 | 346 546 746 SH Scaling upper limit RW v ’
147 347 547 747 SL Scaling lower limit RW v
148 348 548 748 SDP Scaling decimal point position RW v
149 349 549 749 RJC Reference junction compensation RW v |C3.6
150 350 550 750 BSL Burnout selection RW v |C35
151 | 351 551 751 PRH PV range upper limit RW v
152 352 552 752 PRL PV range lower limit RW v |C34
153 353 553 753 PDP PV range decimal point position RW v
154 | 354 | 554 | 754
155 | 355 | 555 | 755
156 | 356 | 556 | 756
157 | 357 | 557 | 757 Not used
158 | 358 | 558 | 758
159 | 359 | 559 | 759
160 | 360 | 560 | 760

IM 34M06H62-02E

2nd Edition : June 2008-00



E1-5

Table E1.9 Operation Parameters (1/3)

LoopDlatioi)opsglol?o'z:rgbigop ) Symbol Description Attribute | Stored Asles%
161 361 561 761 SELMD Two-input changeover mode RW v
162 362 562 762 SELH Two-input changeover upper limit RW v |C3.11
163 363 563 763 SELL Two-input changeover lower limit RW v
164 | 364 | 564 | 764 SPH Upper SP limit RW v cas
165 | 365 | 565 | 765 SPL Lower SP limit RW v )
166 366 566 766 SPR.UP SP up gradient RW v
167 367 567 767 SPR.DN SP down gradient RW v |C4.4
168 368 568 768 SPR.TM SP gradient time unit RW v
169 369 569 769 SP.TR SP tracking mode RW v |C4.6
170 | 370 570 | 770 Not used
171 | 371 | 571 | 771 BS Fixed bias RW v |C338
172 | 372 | 572 | 772 FL Input filter RW v |C3.10
173 373 573 773 X1 Broken-line input 1 RW v
174 374 574 774 Y1l Broken-line bias 1 RW v
175 375 575 775 X2 Broken-line input 2 RW v C3.7
176 | 376 576 776 Y2 Broken-line bias 2 RW v ’
177 377 577 777 X3 Broken-line input 3 RW v
178 | 378 578 778 Y3 Broken-line bias 3 RW v
179 379 579 779 SR Square root extraction RW v C3.9
180 | 380 | 580 | 780 LC Low-cut RW v )
181 381 581 781 SELF Dynamic auto-tuning enable RW v |C5.1
182 382 582 782 SC “Super” enable code RW v |C6.7
183 | 383 | 583 | 783 ARW ARW setting RW v |C6.8
184 | 384 | 584 | 784 CMD Control mode RW v |C6.6
185 385 585 785 ZONE Zone PID selection RW v |C6.9
186 386 586 786 1RP Reference point 1 RW v [C6.9.2
187 387 587 787 2RP Reference point 2 RW v
188 388 588 788 RHY Zone switching hysteresis RW v ]C6.9.2
189 389 589 789 RDV Reference deviation RW v
190 | 390 | 590 | 790 Not used
191 391 591 791 CT Cycle time RW v [C24.2
192 392 592 792 CTc Cooling cycle time RW v —
193 393 593 793 MVR Rate-of-change limit RW v |C24.2
194 | 394 | 594 | 794
195 | 395 | 595 | 795
196 | 396 | 596 | 796
197 | 397 597 797 Not used
198 | 398 | 598 | 798
199 | 399 | 599 | 799
200 | 400 | 600 | 800
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Table E1.9 Operation Parameters (2/3)

LoopIiatﬁoi)%sglofo'z:rgbigop 7] Symbol Description Attribute Stored See Also
201 | 401 | 601 | 801 1.5P  |Setpoint RW | irreguiar 257
202 | 402 602 802 1.A1 Alarm 1 preset value RW v
203 403 603 803 1.A2 Alarm 2 preset value RW v ca.1
204 404 604 804 1.A3 Alarm 3 preset value RW v ’
205 405 605 805 1.A4 Alarm 4 preset value RW v
206 406 606 806 1.PB Proportional band RW 4 C6.2
207 | 407 | 607 | 807 1.7l Integral time RW v C6.3
208 408 608 808 1.TD Derivative time RW v C6.4
209 | 409 | 609 | 809 1.0H Upper output limit RW v C242
210 410 610 810 1.0L Lower output limit RW v o
211 411 611 811 1.MR Manual reset value RW v C6.3
212 412 612 812 1.HYS ON/OFF control hysteresis RW v C24.1
213 413 613 813 1.DR Forward/reverse switch RW v C6.1
214 414 614 814 1.GAIN.C Cooling gain RW v C2.4.3
215 415 615 815 1.HYS.C Cooling ON/OFF control hysteresis RW v C2.4.4
216 | 416 | 616 | 816 1DB  |Dead band RW o2
217 | 417 | 617 | 817 1.POUT Preset output RW v c7.1
218 | 418 618 818 1.POUT.C  |Cooling preset output RW v )
219 | 419 | 619 | 819 Not used
220 | 420 | 620 | 820
221 | 421 | 621 | 821 2.5P  |Set point RW | irreguiar |25
222 422 622 822 2.A1 Alarm 1 preset value RW v
223 423 623 823 2.A2 Alarm 2 preset value RW v cs.1l
224 | 424 624 | 824 2.A3 Alarm 3 preset value RW v ’
225 425 625 825 2.A4 Alarm 4 preset value RW v
226 426 626 826 2.PB Proportional band RW v C6.2
227 | 427 627 827 2.TI Integral time RW v C6.3
228 | 428 | 628 | 828 2.7D Derivative time RW v C6.4
229 429 629 829 2.0H Upper output limit RW v C2.42
230 430 630 830 2.0L Lower output limit RW v o
231 | 431 631 831 2.MR Manual reset value RW v C6.3
232 432 632 832 2.HYS ON/OFF control hysteresis RW v c24.1
233 | 433 633 833 2.DR Forward/reverse switch RW v C6.1
234 | 434 | 634 | 834 2.GAIN.C Cooling gain RW v C2.4.3
235 435 635 835 2.HYS.C Cooling ON/OFF control hysteresis RW v C2.4.4
236 | 436 | 636 | 836 2DB  |Dead band RW o[l
237 | 437 637 837 2.POUT Preset output RW v c71
238 438 638 838 2.POUT.C  |Cooling preset output RW v )
239 | 439 | 639 | 839 Not used
240 | 440 | 640 | 840

Irregular: You need to execute a specific procedure every time to update stored set point values.
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Table E1.9 Operation Parameters (3/3)

Loop[iatﬁo:%sglofo'z:n;bigop 7] Symbol Description Attribute Stored See Also
241 441 641 841 3.SP Set point RW Irregular Eii
242 | 442 642 842 3.A1 Alarm 1 preset value RW v
243 | 443 643 843 3.A2 Alarm 2 preset value RW v cs1
244 444 644 844 3.A3 Alarm 3 preset value RW v ’
245 445 645 845 3.A4 Alarm 4 preset value RW v
246 | 446 646 846 3.PB Proportional band RW v C6.2
247 447 647 847 3.Tl Integral time RW v C6.3
248 448 648 848 3.TD Derivative time RW v C6.4
249 | 449 649 849 3.0H Upper output limit RW v C242
250 | 450 650 850 3.0L Lower output limit RW v o
251 451 651 851 3.MR Manual reset value RW v C6.3
252 452 652 852 3.HYS ON/OFF control hysteresis RW v C2.4.1
253 | 453 653 853 3.DR Forward/reverse switch RW v C6.1
254 454 654 854 3.GAIN.C Cooling gain RW v C2.4.3
255 455 655 855 3.HYS.C Cooling ON/OFF control hysteresis RW v C2.4.4

C2.4.3
256 | 456 656 856 3.DB Dead band RW v Coaa
257 457 657 857 3.POUT Preset output RW v c7.1
258 458 658 858 3.POUT.C  |Cooling preset output RW v )
259 | 459 659 859 Not used
260 | 460 660 | 860
261 461 661 861 4.SP Set point RW Irregular gii
262 462 662 862 4.A1 Alarm 1 preset value RW v
263 463 663 863 4.A2 Alarm 2 preset value RW v cs.1
264 | 464 664 | 864 4.A3 Alarm 3 preset value RW v ’
265 465 665 865 4.A4 Alarm 4 preset value RW v
266 466 666 866 4.PB Proportional band RW v C6.2
267 | 467 667 867 4.TI Integral time RW v C6.3
268 | 468 668 868 4.TD Derivative time RW v C6.4
269 469 669 869 4.0H Upper output limit RW v C2.42
270 | 470 670 870 4.0L Lower output limit RW v o
271 471 671 871 4.MR Manual reset value RW v C6.3
272 472 672 872 4.HYS ON/OFF control hysteresis RW v Cc24.1
273 473 673 873 4.DR Forward/reverse switch RW v C6.1
274 | 474 674 | 874 4.GAIN.C Cooling gain RW v C2.4.3
275 475 675 875 4.HYS.C Cooling ON/OFF control hysteresis RW v C2.4.4
276 | 476 | 676 | 876 4DB  |Dead band RW |2
277 477 677 877 4.POUT Preset output RW v c71
278 478 678 878 4,POUT.C  [Cooling preset output RW v )
279 | 479 679 879 Not used
280 | 480 680 | 880

Irregular: You need to execute a specific procedure every time to update stored set point values.
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Table E1.10 Alarm-related Settings

LoopDlatﬁoi)(:)sglol?o'z:rgbiroop 7] Symbol Description Attribute | Stored :@%
281 | 481 681 881 ALl Alarm 1 type RW v
282 482 682 882 AL2 Alarm 2 type RW v cs.1
283 | 483 683 883 AL3 Alarm 3 type RW v ’
284 484 684 884 AL4 Alarm 4 type RW v
285 | 485 685 885 HY1 Alarm 1 hysteresis RW v
286 486 686 886 HY2 Alarm 2 hysteresis RW v cs1
287 | 487 | 687 | 887 HY3 Alarm 3 hysteresis RW v ’
288 488 688 888 HY4 Alarm 4 hysteresis RW v
289 489 689 889 DLY1 Alarm 1 ON delay RW v
290 | 490 | 690 | 890 DLY2 Alarm 2 ON delay RW v c8.3
291 491 691 891 DLY3 Alarm 3 ON delay RW v ’
292 492 692 892 DLY4 Alarm 4 ON delay RW v
293 | 493 | 693 | 893
294 | 494 | 694 | 894 Not used
295 | 495 | 695 | 895
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Table E1.11 Operating Status

RUN.STUS Bit Svmbol D inti
15[14 13 12|11 109 8|7 6.5 4]3 10| [pos.| 2YMPO escription
—.0 RUN/STP__| 0: Ston. 1: Run
1 AUT/MAN | 0: Automatic, 1: Manual
2 CAS 1: Cascade
3 RMT/LOC | 0: Remote, 1: Local
4 EXPV/PV__| 0: Normal, 1: External input
5 | EXOUT/OUT | 0: Normal, 1: External output
6 —
7 —
8 B.OUT 1. PVIN burnout
9 +OVER 1: PVIN +OVER
10 -OVER 1: PVIN -OVER
1 B.OUT 1. PV-burnout
12 +OVER 1: PV +OVER
13 -OVER 1. PV -OVER
14 —
15 | FUNC.ERR_|1: Error detected

The data position number of RUN.STUS is 41 or 108 for loop1, 42 or 308 for loop2, 43 or 508 for loop3, and 44 or 708 for loop4.
Table E1.12 Alarm Status

ALM.STUS

Bit

B4 13 2][1M 10,9 8|7 6.5 4][3 2 170]| |pos.| Sympol Description
— 0 ALM1 Alarm 1 aenerated
1 ALM2 Alarm 2 generated
2 ALM3 Alarm 3 generated
3 ALM4 Alarm 4 generated
4 ALMW1 Alarm 1 waiting
5 ALMW2 Alarm 2 waiting
6 ALMW3 Alarm 3 waiting
7 ALMW4 | Alarm 4 waiting
8 —
9 —
10 —
11 —
12 —
13 —
14 —
15 —

The data position number of ALM.STUS is 109 for loop1, 309 for loop2, 509 for loop3, or 709 for loop4.

Table E1.13 Error Status

ERR.STUS

15 {14 (13 (12 [11 (10 i9

i8 [7 i6

i5

(4 3

2

pos.

Description

System data error

Calibration value error

Controller or I/O parameter error

Operation parameter error

AD converter error

RJC error

EEPROM error

kR BoxoNooinwhi-o

The data position number of ERR.STUS is 51 or 110 for loop1, 52 or 310 for loop2, 53 or 510 for loop3,

15

and 54 or 710 for loop4.
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B Common Precautions for Registers

Z@ CAUTION

In Tables E1.1 to E1.10, only data registers specified with symbol and description are valid
data registers provided with this module. Data registers displayed with gray background
or labeled as "not used" in the "Description” column are invalid.

Any data written to an invalid register is ignored, causing no adverse effect on module
operation. If you read from such invalid registers, the written value or a register-specific
value is returned. The register-specific value may or may not be a fixed value.

[@ CAUTION

The “Attribute” column in a table indicates whether a register can be read and written.
“RO” indicates a read-only register, whilst “RW"” indicates a register that can be read, as
well as written.

A“v" mark in the “Stored” column indicates that the content of the register is stored, and
need not be re-written to the module after power off and on. When changing the value of a
stored register, beware, however, that there is a maximum limit to the number of write
operations allowed on the EEPROM. By default, writing to a stored register updates the
data stored in the EEPROM. To suspend this updating of the EEPROM, you should
disable the backup function.

@ CAUTION

Up to 100,000 write operations to the EEPROM are allowed. Beware that this write limit
may be exceeded if registers with a “v” mark in the “Stored” column are frequently
updated. In such situations, you should disable the backup function by setting
“NBKUP=1". Note, however, that the NBKUP register value itself is not stored, and is
always reset to O at power up.
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E2. List of Relays

Table E2.1 List of Relays

Input Relay Number
XO0OOnn Symbol Description Interrupt E@%
Loop 1 | Loop 2 | Loop 3 | Loop 4

X01 X09 X17 X25 ALM1.R Alarm 1 v C8.

X02 X10 X18 X26 ALM2.R Alarm 2 v
X03 X11 X19 X27 AM Auto/manual — B3.4
X04 | X12 | X20 | X28 AT.RDY Auto-tuning completed v C5.2
X05 | X13 | X21 | X29 HOUT.R Heating control output — C24

X06 | X14 | X22 | X30 COUT.R Cooling control output —
X07 | X15 | X23 | X31 FUNC.ERR |Burnout or error detected v gios
X08 CMDRDY |Command processing completed v B2.3
X16 MDLRDY  |Module startup completed v B1.3
X24 SETUP.R  |Setup mode v B2.3
X32 SPWR.R Write SP to EEPROM completed 4 B2.4
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User’s A - MEV

Manual Temperature Control and ViTE = E
PID Module Addendum

Manual No. ; IM 34M06H62-02E

Manual Name : Temperature Control and PID Module

Edition : 3rd Edition

- Page C4-2 Set Point(SP)
Add the CAUTION to section C4.1.

A CAUTION

When update the set point (1.SP to 4.SP) of F3CUO04, in rare cases, the value may not be
rewritten (returns to the original value).

As a countermeasure, when rewriting the set point from the application program, please
take following processing.

- Sequence CPU module (when using F3SPoo)
Write the set point (WRITE instruction) repeatedly by every ladder scan or at intervals
within the F3CUO04 control cycle (100 ms or 200 ms).

- e-RT3 CPU module (when using F3RPoo)
Write the set point twice or more at intervals of 20 to 100 ms.
Example: Writing is performed by a fixed-cycle task with a cycle of 20 to 100 ms.

+ Page C2-20 Manual Output (MOUT) and Manual Cooling Output (MOUTC)
Add the NOTE to section C2.4.3.

Note

When writing values to the manual output value "MOUT" and the manual cooling output
value "MOUTC", The value may not change due to input timing. As a countermeasure,
please take the following actions when rewriting the parameters. (MOUT, MOUTC)

- Sequence CPU module (when using F3SPoo)

Execute writing (WRITE instruction) every ladder scan or repeatedly at intervals within the
F3CUO04 control cycle (10ms, 100ms or 200ms).

+ e-RT3 CPU module (when using F3RPon)

Execute register write processing, read the value at intervals greater than 2.5ms, and
repeat this process if the value does not change.
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