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@® SAFETY PRECAUTIONS @

(Always read these cautions before using the product)

Before using MELSEC-Q series programmable controllers, please read the manuals included with each
product and the relevant manuals introduced in those manuals carefully, and pay full attention to safety to
handle the product correctly.

Make sure that the end users read the manuals included with each product, and keep the manuals in a safe
place for future reference.



@ CONDITIONS OF USE FOR THE PRODUCT @

(1) Mitsubishi programmable controller ("the PRODUCT") shall be used in conditions;
i) where any problem, fault or failure occurring in the PRODUCT, if any, shall not lead to any major
or serious accident; and
ii) where the backup and fail-safe function are systematically or automatically provided outside of
the PRODUCT for the case of any problem, fault or failure occurring in the PRODUCT.

(2) The PRODUCT has been designed and manufactured for the purpose of being used in general
industries.

MITSUBISHI SHALL HAVE NO RESPONSIBILITY OR LIABILITY (INCLUDING, BUT NOT

LIMITED TO ANY AND ALL RESPONSIBILITY OR LIABILITY BASED ON CONTRACT,

WARRANTY, TORT, PRODUCT LIABILITY) FOR ANY INJURY OR DEATH TO PERSONS OR

LOSS OR DAMAGE TO PROPERTY CAUSED BY the PRODUCT THAT ARE OPERATED OR

USED IN APPLICATION NOT INTENDED OR EXCLUDED BY INSTRUCTIONS, PRECAUTIONS,

OR WARNING CONTAINED IN MITSUBISHI'S USER, INSTRUCTION AND/OR SAFETY

MANUALS, TECHNICAL BULLETINS AND GUIDELINES FOR the PRODUCT.

("Prohibited Application")

Prohibited Applications include, but not limited to, the use of the PRODUCT in;

* Nuclear Power Plants and any other power plants operated by Power companies, and/or any
other cases in which the public could be affected if any problem or fault occurs in the PRODUCT.

» Railway companies or Public service purposes, and/or any other cases in which establishment of
a special quality assurance system is required by the Purchaser or End User.

+ Aircraft or Aerospace, Medical applications, Train equipment, transport equipment such as
Elevator and Escalator, Incineration and Fuel devices, Vehicles, Manned transportation,
Equipment for Recreation and Amusement, and Safety devices, handling of Nuclear or
Hazardous Materials or Chemicals, Mining and Drilling, and/or other applications where there is a
significant risk of injury to the public or property.



INTRODUCTION

Thank you for purchasing the Mitsubishi MELSEC-Q series programmable controllers.

Before using this product, please read this manual and the relevant manuals carefully and develop familiarity with the
functions and performance of the Q series programmable controller to handle the product correctly.

When applying the program examples introduced in this manual to an actual system, ensure the applicability and confirm that
it will not cause system control problems.

@COCOCO‘OlO‘0‘COCOCOCO'.CO‘O‘Q‘COCOCOCOCOCO‘.‘Q‘QOCCOCOCOC

In this manual, instructions are written in three programming languages:

ladder diagram for Simple projects, structured ladder/FBD and structured text language for Structured projects.
Please use GX Works2 with the version 1.98C or later for Structured projects.
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TERMS

Unless otherwise specified, this manual uses the following terms.

Term Description
QnPHCPU A generic term for the Q02PHCPU, Q06PHCPU, Q12PHCPU, and Q25PHCPU
QnPRHCPU A generic term for the Q12PRHCPU and Q25PRHCPU
QnUDPVCPU A generic term for the Q04UDPVCPU, Q0O6UDPVCPU, Q13UDPVCPU, and Q26UDPVCPU

Instructions are written in three programming languages:

ladder diagram for Simple projects, structured ladder/FBD and structured text language for Structured projects. To write

instructions other than comparison operation instructions in the structured ladder/FBD or structured text language, use "

instead of ".".
For the comparison operation instructions, use the following instruction symbols.
Instruction Ladder diagram Structured ladder/FBD and
structured text language
S.> S_GT
S.< S LT
Comparison operation instruction S.= S_EQ
S>= S GE
S.<= S_LE




CHAPTER 1 overview

This manual describes the process control instructions equipped for the CPU module.

1 1 Features

The process control instructions have the following features.
(1) Use of floating-point data
Capable of handling floating-point type real number data, the instructions can perform wide-range and accurate
operations.
(2) Increased efficiency of system adjustment
Micro-blocked process control instructions are combined to perform PID control.
This enables actions to be confirmed on a process control instruction basis, ensuring efficient system adjustment.

Example) Process control instructions used to carry out 2-degree-of-freedom PID control

Use each instruction common table.

4
4{ Loop tag memory setting ’—

4{ Operation constant setting }—

Execution command K1
ml T A
T0
mml { PLS MO H
MO
it { CALL P1 K
{ RST T0O H
{ FEND H
p1 |Always executed
i {FLT D0 RO H
Process control instruction 1 Microblock
> {S.IN RO R100 R200 R1000H

(Input instruction) S.IN instruction

[EMOVR100 R20 H

Process control instruction 2 Microblock
(Upper lower limit alarm instruction) S.PHPL instruction

> {S.PHPL  R20 R120 R220 R1000H

Set value (SV)

{ EMOVR120 R40 H
y Process value (PV)

Process control instruction 3 Microblock
(2-degree-of-freedom PID > {S.2PID R40 R140 R240 R1000R300 H

control instruction) S.2PID instruction

{ EMOV R140 R60 H

v

Process control instruction 4 Microblock > [SOUT1  R60 R160 R260 R1000H
(Output instruction) S.0UT1 instruction

l {INT R160 D1 H

[ RET H

10



(3) Free combination of process control instructions for application to a wide range of control
As an option, a process control instruction can be inserted in a loop that links process control instructions.

Add the square root operation instruction (S.SQR) to perform the square root operation of an input signal to provide an

output signal as shown below.

m Regulator
N

|
S
- A
—| X

Diaphragm valve

Liquid

[Example of adding square root operation instruction (S.SQR) to process control instructions]

—| Loop tag memory setting |-
——{ Operation constant setting H

Added as
/ option

Process control instruction Normal ON

(Square root operation ~ f-------- f {s.sqr RO  R100 R200 SD1506H

instruction) _SSQR_

instruction
{ EMOV R100 R40 H
A 4

Process control instruction S.2PID instruction Normal ON :
(2-degree-of-freedom PID ff---—---—--——-——-—--—- —fF———— S.2PID R40 R140 R240 R1000 R300 K
control instruction)

salnjead

l

(4) Automatic detection of various alarms
A system can be configured safely since various alarms are detected automatically in the system.

11



(5) PID algorithm using a velocity type incomplete differential format
Partial differential has the following advantages over the complete differential format.

(a) The differential gain is 1/n and the limit value can be set.

(b) The output contains time amplitude, so the system actually responds to the operation edge so the derivative
operation makes the movement valid.

Deviation

DVT

PID

Manipulated
variable

— Time(t)

12



1 2 PID Control Overview

PID control is applied to the process control of flow rate, speed, air volume, temperature, tension, compounding or like.

In the following application, a value of a control target system can be kept at a set value with PID control.

Process control instructions|~=="""~ Subdivided (micro-blocked) processings
are used of PID control

Manual
| MV
Set value ——»M—;—» PID ) i) MV‘ D/A
! operation ;’\\Ali;omatm >| converter > Soniroled
[pv ™ ° J modle system
3 o
v
A/D
converter |« Sensor
module

PID control compares the value measured in the detection section (process value: PV) with the preset value (set value: SV)
and adjust the output value (manipulated value: MV) to eliminate the difference between the process value and set value.

In PID control, proportional operation (P), integral operation (I) and derivative operation (D) are combined to calculate the
manipulated value that will make the process value equal to the set value fast and precisely.
« If the difference between the process value and set value is large, the manipulated value is increased to make it close to

the set value fast.
» When the difference between the process value and set value has reduced, the manipulated value is decreased to make it

equal to the set value slowly and precisely.

1 3 Forward Operation and Reverse Operation

MSIAIBAQ [0U0D AId  T7)

(1) Forward operation is the action that increases the manipulated value when the process value increases more than the
set value.

(2) Reverse operation is the action that increases the manipulated value when the process value is decreasing more than
the set value.

(3) Forward operation and reverse operation make the manipulated value larger as the difference between the set value and
the process value becomes larger.

(4) The following figure shows an example of process control in forward operation and reverse operation.

A A
Temperature
Temperature /\\_/"\fit \elue
/ Process value
—_ Set value
N\ ~ \ Process value
Time - Time i
Forward operation (for air conditioning) Reverse operation (for heating)

13



1.4 PID control Details

This section explains "proportional operation”, "integral operation" and "derivative operation" performed for PID control using
the process control instructions.

1 41 Proportional operation (P operation)
This section explains the control method using proportional operation.

(1) Proportional operation is the action that compares the deviation (DV, difference between the set value and the process
value) to find the manipulated value (MV).

(2) The proportional term is given by:
MV =Kp DV
Kp is a proportional gain constant.

(3) The proportional operation in the case of a step response with a constant deviation will be as follows.

DV

— Deviation

— Time

Manipulated

—»value

Kp-DV

— Time
(4) The manipulated value fluctuates between -10 and 110%.
As Kp increases, the manipulated value for the constant deviation also increases.

(5) Offset occurs in proportional operation.

14



1.4.2 Integral operation (I operation)

This section explains the control method using integral operation.

(1) Integral operation is the operation that continuously changes the manipulated value to eliminate deviation when there is
deviation.
This operation can eliminate the offset that occurs during control performed by a proportional operation.
(2) The time required for adjusting the manipulated value of the integral operation to the manipulated value of the
proportional operation after the deviation is detected is called integral time (T)).
(a) Increasing the integral time decreases the effect of integration.
(It will take time to stabilize.)
(b) Decreasing the integral time increases the effect of integration.
However, since the integral operation will be stronger, hunting may become greater.

(3) The integral operation in the case of a step response with a constant deviation will be as follows.

c
ie]
g
>
3
? DV
i ——> Time
1
- : _<«————— Proportional operation +integral operation manipulated value
1
Q 1
= : —
:95_ o | Integral operation manipulated value
5§32 F
= ? Kp:DV —------- Manipulated value in the proportional operation
TI

— > Time

(4) The integral operation is used as the Pl operation that is combined with the proportional operation or as the PID

operation that is combined with the proportional operation and the derivative operation. N
Control cannot be carried out by merely performing the integral operation. ~ T
o
@)
s
s
o)
o
QL.
@

(uonedsado |) uonesado [eiBayu]
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1 43 Derivative operation (D operation)
This section explains the control method using the derivative operation.

(1) The derivative operation is an operation that adds the proportional manipulated value to the change speed to eliminate
deviation when a deviation has occurred.

The derivative operation can prevent large changes in the object control from disturbances.

(2) The time required for adjusting the manipulated value of the derivative operation to the manipulated value of the
proportional operation after the deviation is detected is called derivative time (Tp).

Increasing the derivative time makes the derivative operation stronger.

(3) The derivative operation in the case of a step response with a constant deviation will be as follows.

C
K]
kS
>
3 DV
t | ! —>Time
I
I
I
el
98
]
> }
(=%
'E 3 Kp:DV----------- Manipulated value for proportional operation
=S Y
t LT_D,

— > Time

(4) The derivative operation can be used as PD operation in combination with a proportional operation or as a PID operation
in combination with the proportional operation and integral operation.

Control cannot be carried out by merely performing the derivative operation.

16



1 44 PID operation

This section explains the control operation using combinations of proportional operation (P operation), integral operation (|

operation), and derivative operation (D operation).

(1) The PID operation controls the calculated manipulated value using (P + | + D) operation.

(2) The PID operation in the case of a step response with a constant deviation will be as follows.

c
Re]
©
3
[
a
T ' —» Time
(]
=
g PID operation
E PI
© \operation —== | .
3 T operation
'g (r57-------------------=-=2>----P operation
T __.--><2___Doperation
—» Time

vyl

uonelsado qid
sjiele@ |ouod did vl
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CHAPTER 2 SsTRUCTURE AND COMBINATIONS OF
PROCESS CONTROL INSTRUCTIONS

21 Structure of Instructions

The instructions that can be used by the process control instructions can be divided into the "instruction part" and "device
part".

The instruction part and device part are as follows.

* Instruction part....... This shows the functions for these instructions.

» Device part............. This shows the data required for operations and the storage destination of the stored operation results.

The device part is classified as the source device and destination device.

(1) Source (S)
The source stores the data used for operation.
(a) Inthe process control instruction, specify the start device that stores the source data.
(b) Data must have been stored in the specified device until the process control instruction is executed.
(c) Changing the source data allows you to change the data used in that instruction.
(2) Destination (D)
Destination is where the data is stored after operation.
(a) Sets the device for which the data will be stored in the destination.
(b) Depending on the instruction used, data used for operation must also be stored in the destination before start of the
operation.

Point/’

For the structure of instructions used in structured programs, refer to the MELSEC-Q/L Structured Programming Manual
(Common Instructions).

18



22 How to Specify Data in Devices

The following 4 types of data can be used by the process control instructions.

Data that can be used by the Bit data

process control instructions
Numeric data —— Integer data —|: Word data
Double word data

Real number data
(floating-point data)

221 In the case of bit data

Bit data is handled on a single bit basis.
The CPU module uses a word device for alarm condition or selection on a single bit basis.

By specifying the bit number of the word device, you can use the 1/0 of the specified bit number as bit data.

b15 ~ b
Word device|1/0 1 1/0 1 1/011/0 1 1/0 1 1/0 1 1/0 1 1/0 | 1/0 | 1/0 1 1/0: 1/0 | 1/0 . 1/0 ; 1/0 | 1/0
. J
T—> 1 in each bit can be used as ON,
or 0 as OFF.

Specify the bit of the word device in the form of '| Word device |- | Bit No. |"-

(Specify the bit number in hexadecimal.)
For example, specify the bit 5 (b5) of DO as D0.5, and the bit 10 (b10) of DO as DO0.A.
However, you cannot specify the bits of the timer (T), retentive timer (ST), counter (C) and index register (Z). (Example: You

cannot specify Z0.0.)

2.2.2 In the case of word (16-bit) data

Word data is the 16-bit numeric data that is used for the loop tag memory bit pack contents and operation constants, etc.
* Decimal constant....................... K-32768 to K32767
* Hexadecimal constant................ HO0000 to HFFFF

Example) For the loop tag memory ALM (standard value setting 4000y

aM[ o 1]ofofofo]o]o|o]o]o]o]o]o]o]o]
. AN AN AN J

g e e e
4 0 0 0

19
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223 In the case of double word (32-bit) data

Double word data is 32-bit numeric data.
* Decimal constant...................... K-2147483648 to K2147483647
* Hexadecimal constant.............. HO0000000 to HFFFFFFFF

When using double word data, specify the word device to be used in the lower-order 16 bits.
The 32-bit data is stored into the (specified word device number) and ((specified word device number) + 1).

Example) When D10 is specified for double word data, D10 and D11 are used.

D11 D10
| (BWNH | (BWT)L |

224 In the case of real number data (floating-point) data

The data required for operations and the operation results are 32-bit floating-point data.

Floating-point data is displayed as follows using 2 word devices.
1. [Fixed-point part] x 2 [Exponent part]

The bit configuration when the floating-point data is expressed internally and its meaning are as follows.

HERTE NN EEEEEEEEN

Rb3(1j \bSO i()f b23J kb22 to b16 b15 o to bOJ
b23 to b30 b0 to b22
Exponent Mantissa
b31
Sign

» Fixed-point part sign This shows the fixed-point part sign in b31.
0: Positive
1: Negative

 Exponent part This shows the 2™s n and b23 to b30.
The n from b23 to b30's BIN value is as follows.

b23 to b30 FFH FEH | FDH % 81H | 80H | 7FH | 7TEH SS 02H | O1H 00H

Non-numeric Non-numeric
n data 127 | 126 % 2 1 0 -1 SS -125 | -126 data

* Fixed-point part This shows the value of XXXXXX... in the 23 bits, b0 to b22, when 1.XXX XXX... is represented in binary.

Point/’

« The real number setting range is 0, + 27126 < |value| < + 2128,
* To represent 0, set 0 in all of b0 to b31.

20



225 Operation errors

Operation errors caused by process control instructions are stored in the following remote register.
For errors other than operation errors, refer to the error codes listed in the QCPU User's Manual (Hardware Design,

Maintenance and Inspection). (The error code is stored in SDO.)

(1) The following errors (other than operation errors) are also stored in the special register.

« Error code 4002.......... The name of the specified instruction is incorrect.

« Error code 4003.......... The number of devices used in the process control instruction is incorrect.
* Error code 4004.......... A device that cannot be used in the instruction is specified.

« Error code 4100.......... The instruction cannot process the data.

(2) For the error code 4100, the detailed information is stored in special register (SD1502 and SD1503). Values in
SD1502 and SD1503 are set to 0 when other than the process control instruction operation error.
For details, refer to Page 254, CHAPTER 14.

226 Execution conditions

The process control instructions are instructions that are executed while the input condition is ON.

227 Number of steps

The number of process control instruction steps differs depending upon the number of instruction characters, the device used,
and whether or not an indirect setting is valid.

The basic number of steps for the extension instruction are as follows.

. . . number of instruction characters™ .
Number of steps in process control instruction = 2 + 5 + number of devices B B
o
)
*1 The number of characters is calculated by adding 1 when the number is odd. (For example when rounding up the results of a o=
division.) ® 08
s »
5%
R
S.IN RO R100 R200 R1000 7Step o} <
i B S5
-
The 'S of h g 1Step 1Step o
e "S." of the instruction code is not =
included in the number of characters. 1Step 1Step 1Step g
<.
2+2/2+4=TStep §

For details, refer to the MELSEC-Q/L Structured Programming Manual (Common Instructions).

228 Index modification

Index modification available for the process control instructions is the same as the one available for the basic instructions of
the CPU module.
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2.3

Control Instructions

Basic Loop Types Available by Combinations of Process

Loop type Structure Application
SET SV
2-d ¢ freedom PID PV MV Used for general PID control (2-degree-
~cegree-orresdom INPUT —>{ S.N_|>{S PHPL|>{S 2PID |->{s OUT > oUTPUT of-freedom). (velocity type)
control
SET sv Conducts PID operations for each
(S2PID)
PV MY control cycle.
INPUT = S.N_|>{s.PHPL}>[s.2PID | >{s.DUTY}> ouTPUT
SET sV
PV MV Used for general PID control. (velocity
PID control INPUT | _S.IN_|>[s.PHPL]>{ s.PiD |>[s.ouT > outpuT type)
(SPID) SET sv Conducts PID operations for each
PV MY control cycle.
INPUT = S.N_|>[s.PHPL}>] s.PID |>{s.DUTY}> ouTPUT
Used for general PID control. (Position
SET sV
PIDP control type)
PV MV ;
(SPIDP) weut ]S FErrl s Fop OUTRUT Conducts PID operation for each
control cycle.
Used for a process that has long dead
time.
SET SV

Sample PI control

The operation to perform Pl control for

(SSPI) neuT TSI |—>|S.PHPL|—>P|VS.SPI |—>|s.OUT:r—V>OUTPUT a set operating time period and then
stabilize the output is repeated every
sample cycle.

e . Used to make slow response so that

I-PD control the operation end and process are not

(SIPD) NeUT > S |—>|S.PHPL|—f|VS.IPD HSAOUT:r—\LOUTPUT given impact when the set value is

varied.

Blend PI control
(SBPI)

SET

sv

MV

PV
INPUT | s.IN_|>s.pHpLl> s.BPI |>s.ouT1}> outPUT

Used for a process where the
manipulated value may vary in a short
period of time and may be constant in a
long period of time.

Ratio control
(SR)

SET

sv

PV MV
iINpUTH>] SN [s.PrP>] sR |s.out2>outPut

Control is performed to keep constant
the ratio of the given manipulated value
to the other varying value.

2-position ON/OFF control
(SONF2)

SET

sV MV

PV
INPUT > S.IN_|>[s.PHPL}>[s.ONFdF———> oUTPUT

Depending on the sign (positive/
negative) of a deviation, operation to
turn the manipulated value ON or OFF
is performed.

3-position ON/OFF control
(SONF3)

SET

PV

sV MV

INPUT ={ SN |>[s.PHPL} s ONFsF——>0UTPUT

3-position ON/OFF control outputs
signals of three areas in response to
the process value to carry out control.
This control can suppress the sudden
variation of the manipulated value.

Batch counter
(SBC)

INPUT —>{S.PSU OUTPUT

A valve or like is controlled ON/OFF in
a process of batch preparation for a
tank or like.
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Loop type Structure Application

Program setting device MV This is output in accordance with the
(SPGS) [sPes}— ouTPUT previously set value time change.
Manual output MV This manually operates the operation
(SMOUT) MOU >OuTPUT terminal end.

. This inputs the process value and
Monitor PV
(SMON) weut > sin | rred OUTPUT detects process errors such as upper/

lower limit alarms.

. . This inputs the process value and
Manual output with monitor

PV MV . .
(SMWM) NpuT > SIN s prpL>fsmouT] - QUTPUT conducts manual operation while
checking that no errors occur.

Selector INPUT1—>!
(SSEL) INPUT2>|

S.SEL OUTPUT This is used to select signals.

SUOIJONJISU| [0JJUOD) SS8201d JO suoneuiquio) Aqg ajqejieay sadA] doooiseg €2
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CHAPTER 3 DpATA USED FOR PROCESS CONTROL

INSTRUCTIONS AND HOW TO SPECIFY
DATA

31 Process Control Instructions and Data Structure

This section explains the data structure (data flow) used for process control instructions.
(a) Configuration when using loop tag
1) The loop units have common storage areas that show the control information. This collection of common
information is called a loop tag and the storage memory is called the loop tag memory.
2) By monitoring the loop tag, you can monitor and tune the loop (control unit).

[Block diagram]
Loop tag memory
S.N [ Process S.PHPL | Process S.2PID | Process S.0UT1| Process

—— control control control control

instruction |\Output instruction | \outPut instruction | \Output instruction [\OutPut
Input Input Input

Operation Block Operation Block Operation Block Operation Block
constant 1 memory 1 constant 2 memory 2 constant 3 memory 3 constant 4 memory 4
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(b) Loop tag memory and operation constant locations in ladder diagram

[Ladder diagram]

Use the table shared among the instructions.
Loop tag memory (96 words)

- Instruction Iltem Standard Data type
Loop tag memory setting used value setting

+0 f
4' Operation constant setting l— MODE . BIN16bit
H

+1 BIN16bit

Executon ki +3 ALM 4000, BIN16bit 3
—it T N +4 INH 0y BIN16bit
o +10 | S.PHPL PV 0.0 Real number
I {Ps w0 § +12 | S.0UT1 MV 0.0 Real number
o +14 | S2PID sV 0.0 Real number
I {cal P f +16 | S.2PID DV 0.0 Real number
+18 | S.0UT1 MH 100.0 Real number
{RsT  T0 J| +20 | S.0UT1 ML 0.0 Real number
+22 | S.PHPL RH 100.0

Executed L &f :xy

P1 |every scan

—} {FLT DO RO H
+46 | S:2PID cT 1.0 Real number
S.0UT1 DML 100.0
——sIN RO R100 R200  R1000H +48 Real number
+50 | S-2PID DVL 100.0 Real number
S.2PID P 1.0
[emov Ri0 R0 +52 Real number
+54 | S.2PID I 10.0 Real number
S.2PID D 0.0
———{SPHPL R20 R120 R220 R1000H +56 Real number
+58 | S.2PID GwW 0.0 Real number
+60 | S.2PID GG 1.0 Real number
{EMOV R120 R40 H
+62 | S.0UT1 MVP 0.0 Real number
——S2PID R40 R140 R240 R1000 R300 H +64 | S.2PID a 0.0 Real number
+66 | S.2PID B 1.0
{EMOV R140 R60 H ™
———{souTt R60 R160 R260 R1000H +90 0.0 Real number Y
+92 0.0 Real number 8
®
Nt om0 D1 H +94 0.0 Real number @
(@
o)
=
{ ReT H 3
=)
2
c
The symbols in the ladder diagram mean the following. %—
>
2]
Instruction name S.IN S.PHPL | S.2PID | S.O0UT1 )
1) Input data head device RO R20 R40 R60 g
Start contact - 2) Block memory head device R100 R120 R140 R160 2
| LRsme [n]2[3)]4)]5) - - ¢
Lnar 3) Operation constant head device R200 R220 R240 R260 g
4) Loop tag memory head device R1000 S_
c
5) Set value head device — — R300 — @
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32 Local Work Memory

Local work memory is used as a temporary storage area in process control instruction operation. (The memory is used for

each micro block.)

The following instructions use the local work memory.

Instruction

Remarks

S.LLAG (Lead-Lag)

S.D (Derivative)

S.DED (Dead time)

S.FLT (Standard filter)
S.BUMP (Bumpless transfer)
S.AT1 (Auto tuning)

The system stores the midway operation results.
(For system use only)

S.FG (Function generator)
S.IFG (Inverse function generator)

The user stores the coordinate values (Xn, Yn) of a function
generator. Operations are performed based on these values.

[Block diagram]

Input data setting | |Operation constant settingl

[Ladder diagram]

Process control

Data for operation
Local work
instruction execution Data after operation memory

Operation result

Block memory

Operation constant setting

Normal ON
S.LLAG RO

R100 R20 R200

Instruction name S.LLAG (Lead-Lag)
Input data head device RO

Block memory head device R100
Operation constant head device R20

Local work memory head device R200

The application of the local work memory changes depending on the used instruction. Refer to the explanation section of the

corresponding instruction.
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33 Data Used for Process Control Instructions

The following data are used for the process control instructions.

* Loop tag memory Page 27, Section 3.3.1
* Input data Page 28, Section 3.3.2
* Block memory Page 29, Section 3.3.3

* Operation constant Page 29, Section 3.3.4
* Local work memory Page 26, Section 3.2

331 Loop memory

(1) Loop memory
(@) The loop memory is an area that stores the data used commonly by the process control instructions specified as the
loop type.
The loop memory also has an area that stores the data used by the CPU module system during process control
instruction execution.

(b) The loop memory has the "loop tag memory" and "loop tag past value memory" areas.

(c) The loop memory consists of 128 words (word device: 128 points).
When setting the loop memory areas, specify the device that can occupy 128 words consecutively.

Loop memory

Specified device +0
Loop tag memory 96word

+95
+96

Loop tag past value memory
(Usage possible on the user's 32word
side.)

+127

L'ee

(2) Loop tag memory
(a) The loop tag memory is an area that stores the data used commonly by the process control instructions specified as
the loop type indicated in Page 22, Section 2.3.

(b) The loop tag memory consists of 96 words.

Aiowaw doo

SUOIIONIISU| |0JJUOD) SS8201d Jo) pasn Bleq €€

(c) Referto Page 261, Appendix 2 (Loop tag memory list) for the applications of the area used by the process control
instructions in the loop tag memory.
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(3) Loop tag past value memory
(a) The loop tag past value memory is an area used by the CPU module system at the time of process control
instruction execution.
The user cannot write data to this memory during run.
If the user writes data to the loop tag past value memory during run, normal operation cannot be performed.

(b) The loop tag past value memory is a 32-word area after the loop tag memory.

(c) Atthe start of the process control instruction, write "0" to the loop tag past value memory.

332 Input data

(1) Input data is variable data given to each process control instruction.

(2) The input data uses the block word of the block memory that stores the operation result of the process control instruction
executed previously.

Process control instruction Process control instruction

Operation result Operation result

S.PHPL

S.IN

Input data Block word Input data Block word )
Block bit Block bit Block memory

Transferred by user

*For the block memory, refer to Page 29, Section 3.3.3.
(3) The application of the input data changes depending on the used instruction. Refer to the explanation section of the
corresponding instruction.
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333 Block memory

The block memory is an area that stores the output information of the corresponding process control instruction.
The block memory has "block words" and "block bits".

The application of the block memory changes depending on the used instruction.

Refer to the explanation section of the corresponding instruction.

Block memory
Specified device number  +0 Block word 2 words are used when real number
le—— .
+1 (2 words) is stored into block word.

+2 Block bit le«— As block bit, each bit of one word
is used to store ON/OFF data.

(1) Block word (BW)
(@) The block word is an area that stores the operation result of the process control instruction.

(b) As the input data of the next process control instruction linked by the loop, the data stored in the block word is used.

Process control instruction Process control instruction
SN Operation result S.PHPL Operation result
Input data Block word Input data Block word
Block bit Block bit

Transferred by user
(2) Block bit (BB)
The block bit is an area that stores the corresponding alarm data at process control instruction execution.
As the block bits, 16 bits of b0 to b15 are represented as BB1 to BB16.
The b0 (BB1) in the block bits stores "1" if any of b1 to b15 (BB2 to BB16) on each instruction stores an alarm data.

b15 b12 b8 b4 b0

B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B

. |s|e|e|e|B|B|B|B|B|B|B|B|B|B|B|B

Block bit 1|7 |1|1|1|1]|e|s|7|6]|5]4]|3]2]|"
6|5]alsl2]1]0

€ee

334 Operation constant

(1) The operation constant is an area that stores the data used by only one process control instruction.

Aowauw 3o0|g

SUOIJONJISU| [0JUOD) SS8001d 10} pasn eleq €€

(2) The application of the operation constant changes depending on the used instruction. Refer to the explanation section of

the corresponding instruction.
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335 Loop tag memory allocation contents

The loop tag memory allocation contents are shown below.

Instructions used in The number of words from Abbreviated name of  ‘Shaded values may change depending on

kIoop tag y kthe start of the loop tag y keach item y kthe operation result. y
Instruction | Offset Item Recommended range | Standard value | Data type
used setting
+0
For PID control (S2PID), the same [ + MODE 0to FFFFy 8h BIN16bit
values are used for all instructions +3 ALM 0to FFFFy 4000. — BIN16bit
in the same loop tag memory. R
L +4 INH 0to FFFFy Oy BIN16bit
("| S.PHPL +10 PV RL to RH 0.0 Real number
S.0UT1 +12 MV -10to 110 0.0 Real number
S.2PID +14 SV RL to RH 0.0 Real number
S.2PID +16 DV -110 to 110 0.0 Real number
S.0UT1 +18 MH -10to 110 100.0 Real number
S.0UT1 +20 ML -10to 110 0.0 Real number
S.PHPL +22 RH -999999 to 999999 100.0 Real number
S.PHPL +24 RL -999999 to 999999 0.0 Real number
S.PHPL +26 PH RL to RH 100.0 Real number
S.PHPL +28 PL RL to RH 0.0 Real number
S.PHPL +30 HH RL to RH 100.0 Real number
) S.PHPL +32 LL RL to RH 0.0 Real number
l’gghoifrf]ss?:u\éztiigr? s are fixed for S.IN +38 a Oto1 0.2 Real number
S.PHPL +40 HS 0 to 999999 0.0 Real number
S.PHPL +42 CTIM 0 to 999999 0.0 Real number
S.PHPL +44 DPL 0to 100 100.0 Real number
S.2PID +46 CT 0 to 999999 1.0 Real number
S.0UT1 +48 DML 0 to 100 100.0 Real number
S.2PID +50 DVL 0to 100 100.0 Real number
S.2PID +52 P 0 to 999999 1.0 Real number
S.2PID +54 | 0 to 999999 10.0 Real number
S.2PID +56 D 0 to 999999 0.0 Real number
S.2PID +58 GW 0 to 100 0.0 Real number
S.2PID +60 GG 0 to 999999 1.0 Real number
\_| S.OUT1 +62 MVP -999999 to 999999 0.0 Real number
S.2PID +64 a Oto1 0.0 Real number
S.2PID +66 B 0to1 1.0

(1) This section describes the bit assignments of the following items.

(@) ALM

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

The default standard value, 4000y, indicates manual operation in loop
stop state. To enable auto alarm, set 0000,,.

< | < < | < |«

J|la < a|Z <
§ EO&Iﬂ%fn.n.S‘Ii
[2) Aa|0O|lw|I|d|la|la|a|la|lao|=|=
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S: Stored by the system

U: Set by the user

Flag
Name Abbreviation Description establishment
conditions
Shows the loop stop status. Changes the loop mode to manual.
Stop alarm SPA Conducts stop alarm processing for the output value (BW) and alarm U
signal.
Conducts the change rate limiter for the input data and outputs the
Output change rate limit alarm DMLA change rate alarm. (For the output change upper limit value/control S
value).
Shows that it has changed to open status when the operation output
Output open alarm OOPA . . S
signal has become disconnected, etc.
Sensor alarm SEA Sensor error alarm S
Checks the upper limit value of the process equipment upper limit, and
Upper upper limit alarm HHA outputs an alarm if the process value is higher than the upper limit S
value.
. Checks the lower limit value of the process equipment lower limit, and
Lower lower limit alarm LLA . ) . S
outputs an alarm if the process value is lower than the lower limit value.
o Checks the upper limit value of the process value, and outputs an alarm
Upper limit alarm PHA ) . . S
if the process value is higher than the upper limit value.
e Checks the lower limit value of the process value, and outputs an alarm
Lower limit alarm PLA ) ) . S
if the process value is lower than the lower limit value.
Positive direction change rate DPPA Outputs an alarm if the change rate is higher than the upward trend S
alarm change rate range.
Negative direction change rate DPNA Outputs an alarm if the change rate is lower than the downward trend s
alarm change rate range.
Conducts an error check and then outputs an alarm if over. In addition,
L if the error check determines that the deviation is completely less than
Deviation large alarm DVLA . . S
the warning value and the error is reduced by a set value from the
warning value then the deviation large alarm will be released.
L Conducts a check using the upper/lower limiter and if the limiter results
Output upper limit alarm MHA . . . S
are larger than the input upper limit value an alarm is output.
L A check is conducted by an upper/lower limiter and if the limiter results
Output lower limit alarm MLA S

are smaller than the input lower limit value an alarm is output.

(b) INH

This prohibits alarm detection for each item. In addition, the alarms prohibited by INH are not detected. (The INH
bits 0 to 11 correspond to the bits 0 to 11 of ALM.)

b15 b14 b13 b12 b11b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
E T D/O|S|H|L|P|P|D|D|D|M|M
R R M|{O|E|H|L|H|L|P|P|V|H|L
R K LIPL L[| [T ][P|NJL|I]I
| F [ (I |
| Trucking flag

(We ask the user not touch this.)

All alarm detection prohibited
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(c) MODE

The process control instructions have the following operation modes that satisfy the following operations in a

system connected to an operator station, programmable controller, host computer, machine side operation panel

and like.

b15 b14 b13 b12 b11b10 b9 b8 b7 b6 b5 b4 b3

c|Cc|C|C|C|C|A M
S| M|[C|A|M|A|U|A
viv|B|B|B|S|T|N

b2 b1 b0
LiL|L
c|c|cC
C|AM

For MODE make one of them a 1 bit only flag 1.

Operation mode

Description

Application

MAN * Manual operation from OPS
(MANUAL) » SV and MV can be set.
» Automatic operation o .
AUT Monitoring and control from operator station are
* SV can be set.
(AUTOMATIC) performed.
* MV cannot be set.
CAS » Cascade operation
(CASCADE) * SV and MV cannot be set.
cMv Automatic MV setting from host computer | L tion fi host t b
* Au i i u oop operation from host computer can be
(COMPUTER MV) 9 P P operall , pu
oSV performed and operation mode is controlled and
» Automatic SV setting from host computer | monitored at operator station.
(COMPUTER SV)
CMB * Manual operation backup when host

(COMPUTER MANUAL BACK UP)

computer is abnormal

CAB
(COMPUTER AUTOMATIC BACK UP)

» Automatic operation backup when host
computer is abnormal

During loop control by host computer, backup is
provided by predetermined operator station

CCB
(COMPUTER CASCADE BACK UP)

» Cascade operation backup when host
computer is abnormal

when computer fails.

LCM
(LOCAL MANIPULATED)

» Local manual operation

At startup of plant, operation and startup are

performed by loop display or like from other
than operator station and operation mode is

LCA

(LOCAL AUTOMATIC) * Local automatic operation
Lee Local cascade operation
(LOCAL CASCADE) P

monitored by operator station.
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CHAPTER 4 How To EXECUTE PROCESS CONTROL

INSTRUCTIONS

41 Execution Cycle and Control Cycle

Execution cycle
(a) An execution cycle is an interval at which the process control instruction is executed.
(b) There are the following methods to execute the process control instruction in each execution cycle.
1) Method using timer
Atimer is used to measure the execution cycle and the process control instruction is executed when the timer
times out.
2) Method using interrupt programs
Any of interrupt programs of 128 to 131 is run in each execution cycle.
3) Method using fixed scan execution type program
A fixed scan execution type program is run in each execution cycle.
(c) Specify in the special registers (SD1500, SD1501) the value of the execution cycle used for the process control
instruction as a real number.
Control cycle
(a) Acontrol cycle is an interval in which PID control is performed for an instruction such as S.2PID (2-degree-of-
freedom PID).
As the control cycle, specify an integral multiple of the execution cycle.
The S.2PID or similar instruction counts the execution cycle in each execution cycle and starts PID operation when
the specified control cycle is reached.
(b) Specify in the loop tag memory (See Page 27, Section 3.3.1) the control cycle used for the S.2PID or similar
instruction.
The S.2PID or similar instruction uses the value of the control cycle specified in the loop tag memory to perform PID
control.
Example) When monitoring is performed at intervals of 1s in 2-degree-of-freedom PID control and PID control is
carried out at intervals of 5s.

0
[
|
|
|
|
|
|
l

o[ N e e R
5s |—| 5s |—| 5s

(Execution cycle) X N i

Execution cycle

-
1]

[ AP ey RN
-
12

N
-
1]
-y T} 1w

1s_1 1s

1

A

—-Y___ —}____1&
o
~
@
©
N
o
-
>
-
N
N
w
N
N
N
o
N
o
-
Q2
N
®
O

—1

Control cycle

S.2PID instruction performs processing at intervals of 5s.

Point/’

When the control cycle is set to an integral multiple of the execution cycle, monitoring such as a PV check can be
performed in each execution cycle.
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42 Concept of Program

[Program example using S.2PID instruction at execution cycle of 1s]

Loop tag memory setting

I_ ................. >

Operation constant setting
+ Setting of data for S.IN,
S.PHPL, S.2PID and S.OUT1

Execution cycle measurement

} ,,,,,,,,,,,,,,,,, >

Input data (PV) setting
- Import of data (PV) from
A/D converter module or like

MV output
= Output of MV from D/A
converter module or like

P1

Process control instruction
designation

+ S.IN instruction

» S.PHPL instruction

- S.2PID instruction

+ S.0UT1 instruction
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|| | Looptagmemorysetting
|| | Operation constantsetting 1
Execution (1s)
comlrrlland K10
1 T
TO
| | [
[ | [ PLS MO H
Mo
| | i
[ | [ MOvuOGODO
-
[ cALLP1 H
-
[ RSTTO H
-
[ MOvDIU2GO |
r
[ FEND H
S0 :
[ | [ FLT DO RO H

———{ SN R0 R100 R200 R1000

-
[ EMOV R100 R20 |

————{S.PHPL R20 R120 R220 R1000}

-
[ EMOVR120 R40 |

—————{S.2PID R40 R140 R240 R1000 R300}

-
[ EMOV R140 R60 |

————{S.0UT1 R60 R160 R260 R1000

-
[INT R160 D1}

[RET H



4.2.1 Arithmetic error of floating-point data

When using floating-point data, set error tolerances on floating-point operations. An arithmetic error may cause an
unexpected alarm.

Example) An alarm due to an arithmetic error (in an execution of the S.PHPL instruction)

S.IN instruction S.PHPL instruction

Engineering value inverse

Range check transformation

Input value l Engineering l P ®)
Q) value » it
Input limiter 2) Upper/lower limit check 4

| |

Engineering value inverse

; Variation rate check
transformation

|

Engineering value
transformation

(1) Avalue exceeding the set value of the upper limit of the input limiter is input to the S.IN instruction.
(2) An output value (engineering value) of the S.IN instruction may not be exactly 100%. It can be slightly above 100%.

(3) When the upper limit value is set to 100% for the S.PHPL instruction, an alarm occurs. (Similarly, when a value less than the set value of

the lower limit value of the input limiter is input to the S.IN instruction, an alarm can occur.)

To avoid an alarm occurrence due to an arithmetic error, set each value as the following example.
Example 1) Adding a program to disable alarm detection
Add a program that performs the following processing.

(@) When RH = HH, the bit HHI of the disable alarm detection (INH) turns on.

(b) When RH = PH, the bit PHI of the disable alarm detection (INH) turns on.

(c) When RL = LL, the bit LLI of the disable alarm detection (INH) turns on.

(d) When RL = PL, the bit PLI of the disable alarm detection (INH) turns on.

Example 2) Alarm value settings for the S.PHPL instruction
* 100.1% for the upper upper limit alarm value (HH)

* -0.1% for the lower lower limit alarm value (LL)

* 100.1% for the upper limit alarm value (PH)

* -0.1% for the lower limit alarm value (PL)
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CHAPTER 5 EXEcuTION CONDITION SWITCHING
AND FUNCTIONS

51 Execution Condition Switching

5.1.1  Loop RUN/STOP

If any loop component such as a detector or operation end other than the programmable controller fails, each loop can be run/
stopped to perform the maintenance of the corresponding loop.

The "SPA" bit of the alarm detection (ALM) is used to run/stop the corresponding loop.

(1) Basic operation during loop STOP
(a) Output status hold (The S.2PID instruction is output = 0)
(b) Alarm No detection (Process alarm)
(c) Make the control mode MAN.
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52 Functions

521 Tracking function

The tracking function includes the "bumpless function" and "output limiter processing".

(1) Bumpless function
The bumpless function prevents manipulated value (MV) output stepping changes when switching from the automatic

mode to manual mode and continuously controls MV output.

(2) Output limiter processing function
The output limiter processing function limits the upper limit and lower limit of the manipulated value (MV) output by the
PID operation during the automatic mode. This output limiter processing function is only valid in the automatic mode and
is not executed for manual data. In addition, when the parameter tracking function execution validity is set to not valid
when in the automatic mode the output limiter processing function will not execute.

522 Cascade loop tracking

The process control loops that comprise a cascade loop use the manipulated value (MV) of a primary loop (Loop 0) as the set
value (SV) of a secondary loop (Loop 1).
Tracking is performed to prevent the sudden variation of the set value (SV) when the operation mode of the secondary loop

(Loop 1) is changed.

(1) The cascade PID loop Tracking processing is shown in the diagram below.
[Processing concept diagram]

sv
a o
NN
N
-
PV1 5
32
QS
5' 2]
«Q
2
C
>3
Q
PV2 5
=]

(a) In cascade operation, the manipulated value (MV) of Loop 0 is transferred to the set value (SV) of Loop 1.
(b) When cascade operation is not performed, the set value (SV) of Loop 1 is transferred to the manipulated value (MV)

of Loop 0.
(Tracking to the source specified as the input terminal of the set value (SV) of Loop 1)
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(2) Make the following settings to perform tracking.

(Tracking is performed when the operation mode is switched to other than CAS, CSV or CCB.)
For 2-degree-of-freedom PID (S.2PID), set the following operation constant items to specify tracking.

Setting item

Setting

Tracking bit (TRK)

1 (Tracking performed)

Set value pattern
Set value pattern (SVPTN)

0 (Set value is upper loop MV.)

Set value Used

0 (E2 is used)

5.2.3

Tracking is performed under the following conditions.
» The operation mode is any of MAN, CMB, CMV and LCM and the tracking bit (TRK) is 1
* When the operation mode is any of AUT, CAS, CAB, CCB, CSV, LCAand LCC

The tracking bit (TRK) is 1 and BB1 of BB is 1

Loop selector tracking

Loop tag memory Manipulated —
value (MV) Tracking

Z;@ﬁ‘iss value —‘ S.N S.PHPL S.2PID s.oun’— E1

Loop O Ly

5| SSEL f——

Loop 1
Process value
(PV2) 4‘ S.IN S.PHPL S.2PID S.0UT1 }* E2

Loop tag memory

Manipulated <
value (MV) el

[

Example) When the S.SEL instruction uses the input value E1 and E1 uses the upper loop (loop 0) MV, the S.SEL
instruction's MV is trucked to loop 0's MV.

Operation constant

The setting that conducts Tracking is shown below.
@ +4 1

0: Tracking not performed.
Set value pattern +5 1 ‘ 0 ’ 1 ’ ol o 1: Tracking performed.
A A 4 A

T4

Tracking bit

Input value selection 0: E1 is selected.
: E2 is selected.

N

Input value (E1) use 0: E1is used.
1: E1 is not used.

Input value (E2) use 0: E2 is used.
1: E2 is not used.

Input value (E1) pattern 0: E1 is upper loop MV.
1: E1 is not upper loop MV.

Input value (E2) pattern 0: E2 is upper loop MV.
1: E2 is not upper loop MV.
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CHAPTER 6 nsTRuCTIONS

61 How to Read the Instruction List

Process control instructions are classified into six categories: 1/0 control instructions, control operation instructions,
compensation operation instructions, arithmetic operation instructions, comparison operation instructions, and auto tuning

instructions.
Instruction Number of
Category Symbol Processing details Reference
symbol steps
A SN s1[p1[sz[p2H
S_IN Conducts the input data (PV) Upper/
lower limit check, input limiter
S.IN — EN ENO [— ) Pt 7 Page 57
A a processing, engineering value
A conversion, and digital filter processing.
— s2 @2 |—
ENO:=S_IN(EN,s1,s2,d1,d2); A&
~Isoutt [st[p1sz[p2H
1/0 control

instruction | —— | ————| Calculates the MV (0 to 100%) from the
( T I MV), processes the upper ’r/T

1) 2) 3) 4) 5) 6) 7) 8)

1) Instructions are classified by their application.
2) An instruction symbol used in the program
3) Awritten format in the ladder diagram

~{s.out2 [s1]p1[s2]p2H

\—V Shows the destination side.

—— » Shows the source side.

1’9

» Shows the instruction symbol.

Destination: Shows the destination of the data after operation.
Source: Stores the data before the operation.

4) A written format in the structured ladder/FBD
|—> Shows the instruction symbol.

‘i——» Outputs an
| execution status.
—[ s a1 ]
—| s2 a2 | —

Shows the source side. Shows the destination side.

1SI7 UONONJISU| 8Y) pEsy O] MOH

Inputs the execution «—{—

condition of an L
. : — [ EN]
instruction.
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5) A written format in the structured text language

» Outputs an execution status.

Inputs the execution condition
of an instruction.
ENO:=S_OUT2 (EN, s1, s2, d1, d2)

|—|_—,’ Shows the destination side.

Shows the source side.

» Shows the instruction symbol.

6) Details of processing performed by the instruction

7) The number of steps in the instruction. For details, refer to Page 21, Section 2.2.7.
8) Pages to be referred to



62 List of Instructions

621 1/0 control instructions

Instruction Number of
Category Symbol Processing details Reference
symbol steps
— 5N |s1|p1[s2|p2}
S_IN Conducts the input data (PV) Upper/
lower limit check, input limiter
S.IN — EN ENO [— ) ) p‘ 7 Page 55
. o = processing, engineering value
° conversion, and digital filter processing.
— s2 d2 —

ENO:=S_IN(EN,s1,s2,d1,d2);

~[soutt  [st[p1]s2]p2}

S_OUTH Calculates the MV (0 to 100%) from the
S.OUTH — en ENO b— input data (AMV), performs change 8 Page 60
| e rate, upper/lower limiter processing and
output on time conversion.
— s2 a2 (—

ENO:=S_OUT1(EN,s1,s2,d1,d2);

—sout2 [s1]p1[s2[p2}H

S_OUT2
Performs change rate, upper/lower
1/0 control o . .
instruction S.0UT2 — EN ENO — limiter processing and output on time 8 Page 66
— st a1 — conversion from the input data (MV).
— s2 a2 — % %
ENO:=S_OUT2(EN,s1,s2,d1,d2); 5
Rl
— smout  [s1]p1[s2|p2]H o=
S o
2
S_MouT S -‘-C’»
- Reads the manipulated value (MV) of 5 g'
(2]
S.MOUT — EN ENO — the loop tag memory and performs 8 Page 71 =
— st d1 = output conversion. %’-
3
— s2 d2 — @
ENO:=S_MOUT(EN,s1,s2,d1,d2);
~[soury  [st[p1]s2]p2}
s_buty Changes the ON/OFF rate within a
S.DUTY — EN ENO — given cycle in proportion to the input 8 Page 75
— s1 a1 — data (0 to 100%) and outputs the result.
— s2 a2 —
ENO:=S_DUTY/(EN,s1,s2,d1,d2);
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Instruction

Number of

Category Symbol Processing details Reference
symbol steps
~[sBc  [st|p1]s2]p2}H
S_BC . .
- Compares the input data with the set
S.BC — EN ENO — value and outputs bit data as soon as 7 Page 82
— st a1 |— the input data reaches the set value.
— s2 d2 —
I/O control ENO:=S_BC(EN,s1,s2,d1,d2);
instructi
msfruction ~| spsum [s1]p1[s2[p2]-|
S_PSUM
Integrates the number of input pulses
S.PSUM — En ENO |— 9 putp 8 Page 86
and outputs the result.
— st d1 —
— s2 d2 —
ENO:=S_PSUM(EN,s1,s2,d1,d2);
62 2 Control operation instructions
Instruction Number of
Category Symbol Processing details Reference
symbol steps
~/spp  [s1|p1]s2|p2]s3H
Conducts process value derivative type
S_PID PID operations. (Incomplete derivative)
Performs SV setting processing,
S.PID — EN ENO |— _ ng pre o 9 Page 91
JE a1 = tracking processing, gain Kp operation
— s2 a2 — processing, PID operation and deviation
-1 check.
ENO:=S_PID(EN,s1,s2,s3,d1,d2);
—{s2pD [s1]p1s2|p2|s3H
Performs 2-degree-of-freedom PID
S_2PID operation (incomplete derivative).
Performs SV setting processing,
Control S.2PID — EN ENO — ] .' gp i "9 ) 9 Page 99
operation J a1 tracking processing, gain Kp operation
instruction — 2 a2 — processing, 2-degree-of-freedom PID
s operation and deviation check.
ENO:=S_2PID(EN,s1,s2,s3,d1,d2);
_{ SPIDP ‘81 | D1‘82|D2|S3H Performs posmon. type PID oPeratlon.
Performs SV setting processing,
J— tracking processing, gain Kp operation
- processing, PID operation, deviation
- = ENO = check and operation mode judgment.
S.PIDP — s1 a1 = . 9 Page 107
o @ = According to the result, performs
— s3 change rate, upper/lower limiter and

ENO:=S_PIDP(EN,s1,s2,s3,d1,d2);

output on time conversion or performs
alarm clear processing and output on
time conversion.
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Instruction X X Number of
Category Symbol Processing details Reference
symbol steps
~[ssp [st[p1[s2[p2[s3}H
Judges between the operating time and
S_SPI hold time, and if it is the operating time,
erforms SV setting processing,
S.SPI —{ en ENO [— perto Ing processing, 9 Page 116
— &1 a1 = tracking processing, gain Kp operation
— s2 a2 — processing, SPI operation and deviation
s check.
ENO:=S_SPI(EN,s1,s2,s3,d1,d2);
—{sipp [s1|p1[s2|p2[s3H
Performs |I-PD operation.
S_IPD Performs SV setting processing,
S.IPD — EN ENO — tracking processing, gain Kp operation 9 Page 123
— st a1 - . . -
S o = processing, IPD operation and deviation
— s3 check.
ENO:=S_IPD(EN,s1,s2,s3,d1,d2);
—sBPl [s1|p1[s2|p2[s3}
Performs blend Pl operation.
S_BPI Performs SV setting processing,
S.BPI — EN ENO — tracking processing, gain Kp operation 9 Page 131
— st d1 — . . L
o @ = processing, BPI operation and deviation
— 3 check.
Control
ontro ENO:=S_BPI(EN,s1,52,53,d1,d2);
operation
instruction —{sR 's1|p1]s2]p2[ s3]
S_R . . .
Performs engineering value conversion,
S.R — EN ENO — tracking processing, change rate limiter 8 Page 138
- a = and ratio operation on the input data
— s2 d2 — P p :
— s3
ENO:=S_R(EN,s1,s2,s3,d1,d2);
~[spHpL  [s1]D1[s2|p2]|
S_PHPL Conducts an Upper limit value/lower
S.PHPL — EN ENO — limit value check of the PV output by the 8 Page 143
— st d1 — S.IN instruction.
— s2 d2 —
ENO:=S_PHPL(EN,s1,s2,d1,d2);
— SLLAG |s1\D1|32\DzH
S_LLAG Conducts lead-lag compensation for
S.LLAG — EN ENO — input data and outputs the operation 8 Page 149
— s1 d1 — results.
— s2 d2
ENO:=S_LLAG(EN,s1,s2,d1,d2);
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Instruction

Number of

Category Symbol Processing details Reference
symbol steps
~{ sl s1]p1[s2[p2}
s Conducts integral operations on the
S. — EN ENO — input data and outputs the operation 7 Page 151
— st d1 |— results.
— s2 d2 |—
ENO:=S_I(EN,s1,s2,d1,d2);
—{sp s1|p1]s2]p2}
s.b Conducts Derivative operations on the
S.D — EN ENO — input data and outputs the operation 7 Page 153
— st a1 — results.
— s2 d2 |—
ENO:=S_D(EN,s1,s2,d1,d2);
—{sDED  [s1]p1[s2[p2H
S_DED
S.DED — en ENO — Delays the input data by the specified 8 Page 155
dead time and then outputs it.
— st d1 |—
— s2 d2 |—
Control ENO:=S_DED(EN,s1,s2,d1,d2);
operation
instruction ~[sHs  [st|p1]s2]p2H
S_HS
SHS — en ENO — Outputs the maximum value among the 7 Page 158
input data.
— st d1 |—
— s2 2 |—
ENO:=S_HS(EN,s1,s2,d1,d2);
~Ists  [st|p1]s2[p2}
S LS
SLs N ENO — Outputs the minimum value among the 7 Page 160
input data.
— st dl —
— s2 d2 —
ENO:=S_LS(EN,s1,s2,d1,d2);
~[smp  [s1[p1]s2]p2}H
SMIP Outputs the middle value between the
S.MID — BN ENO — maximum value and minimum value 8 Page 162
— st a1 — among the input data.
— s2 d2 |—

ENO:=S_MID(EN,s1,s2,d1,d2);
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Instruction X X Number of
Category Symbol Processing details Reference
symbol steps
~[save  [s1]p1s2]p2}
S_AVE
Calculates and outputs the average
S.AVE —{ en ENO [— ndoutp g 8 Page 165
value of the input data.
— s d1 =
— s2 a2 —
ENO:=S_AVE(EN,s1,s2,d1,d2);
—sumT  [s1]p1[s2[p2H
S_LIMT
S.LIMT — EN ENO — Limits the output value with hysteresis. 8 Page 167
— st d1 —
— s2 2 —
ENO:=S_LIMT(EN,s1,s2,d1,d2);
— svimT1 [ s1]p1]s2|p2[H
S_VLMT1
Limits the varying speed of the output
S.VLMT1 —{ en ENO [— ying sp P 9 Page 169
value.
— s d1
— s2 a2 —
Control
onro ENO:=S_VLMT1(EN,s1,s2,d1,d2);
operation
instruction ~[ svmt2 [s1]p1[s2]p2}
S_VLMT2
SVLMT2 — en ENO |— Limits the varying speed of the output 9 Page 172
value.
— s d1 =
— s2 a2 —
ENO:=S_VLMT2(EN,s1,s2,d1,d2);
~| sonF2 [s1]p1/s2|p2]s3)
Performs two-position ON/OFF control.
S_ONF2 Performs SV setting processing,
S.ONF2 — EN ENO — tracking processing, MV compensation, 9 Page 175
] z; g; B MV output and two-position ON/OFF
— s3 control.
ENO:=S_ONF2(EN,s1,s2,s3,d1,d2);
— sonFs |s1|p1/s2|p2s3HH
Performs three-position ON/OFF
S_ONF3 control.
Performs SV setting processing,
S.ONF3 —{ en ENO [— . ngp ng 9 Page 181
— &1 "~ tracking processing, MV compensation,
— s2 a2 — MV output and three-position ON/OFF
s control.
ENO:=S_ONF3(EN,s1,s2,s3,d1,d2);
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Instruction

Number of

Category Symbol Processing details Reference
symbol steps
~[soBND  [s1[D1]s2]p2}H
S_DBND
Provides a dead band and performs
S.DBND — En ENO [— . P 8 Page 187
output processing.
— st d1 |—
— s2 d2 |—
ENO:=S_DBND(EN,s1,s2,d1,d2);
—{spes  [s1]p1]s2[p2H
S_PGS
Provides a control output according to
S.PGS — En ENO |— P 9 8 Page 189
the SV and MV pattern.
— st d1 —
— s2 d2 |—
ENO:=S_PGS(EN,s1,s2,d1,d2);
—{sseL  [st[p1]s2[p2|s3H
Outputs the value selected by the
Control S_SEL selection signal out of the input data in
operation S.SEL — EN ENO — the automatic mode, or outputs the MV 9 Page 194
instruction ] z; j; N of the loop tag memory in the manual
— s3 mode.
ENO:=S_SEL(EN,s1,s2,s3,d1,d2);
~[sBump |s1[p1]s2]p2}H
Brings the output value closer to the
S_BUMP output set value from the output control
S.BUMP — EN ENO |— value gradually when the mode select 8 Page 200
— st a1 — signal is switched from manual to
JE R a2 — automatic.
ENO:=S_BUMP(EN,s1,s2,d1,d2);
~/savr  [s1]p1]s2[p2}
S_AMR
Increases or decreases the output value
S.AMR — En ENO [— _ P 8 Page 203
at the fixed rate.
— st d1 —
— s2 d2 —

ENO:=S_AMR(EN,s1,s2,d1,d2);
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623 Compensation operation instructions

Instruction . . Number of
Category Symbol Processing details Reference
symbol steps
—{ sFG | s1]p1]s2[p2H
S_Fe Outputs the value that follows the
S.FG — EN ENO — function generator pattern whose input 7 Page 206

— s1 a1 — data is specified.
— s2 2

ENO:=S_FG(EN,s1,s2,d1,d2);

~[siFe [s1]p1[s2]p2}
SIFG Outputs the value that follows the
S.IFG — EN ENO — inverse function generator pattern 8 Page 208
— st d1 — whose input data is specified.
— =2 d2 —

ENO:=S_IFG(EN,s1,s2,d1,d2);

~[sFr  [st]p1]s2[p2]|
S_FLT Outputs the average value of n pieces
S.FLT — EN ENO — of data sampled at the specified data 8 Page 210
— st a1 — collection intervals.
— s2 d2 —
Compensa-
_ P . ENO:=S_FLT(EN,s1,s2,d1,d2);
tion operation
instruction —ssum  [s1]p1]s2|p2[H > o
NN
w
S_SUM =
Integrates the input data and outputs Og
S.SUM — &N ENO 1— 9 P P 8 Page213 | |§ 2
the result. 3 2
— st d1 — e &
c
— s2 2 |- g_%
532
ENO:=S_SUM(EN,s1,s2,d1,d2); S
[0}
)
—strc [st]p1]s2[p2H 5
=}
=
S_TPC Makes temperature/pressure =3
S.TPC — EN ENO — correction to the input data and 8 Page 215 %-
— st d1 — outputs the result. @
— s2 a2 —
ENO:=S_TPC(EN,s1,s2,d1,d2);
~[sEnG  [s1]p1[s2[p2]|
S_ENG
Converts the input data into an
S.ENG —{ en ENO [— verts the inp 8 Page 218
engineering value.
— si d1 —
— s2 d2 —
ENO:=S_ENG(EN,s1,s2,d1,d2);
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Category

Instruction
symbol

Symbol

Processing details

Number of
steps

Reference

Compensa-
tion operation
instruction

S.IENG

~[siEnG  [s1[p1]s2]p2}H

S_IENG
— EN ENO |—
— st d1 |—

— s2 d2 —

ENO:=S_IENG(EN,s1,s2,d1,d2);

Reversely converts the input data from
the engineering value and outputs the
result.

Page 220

6.2.4

Arithmetic operation instructions

Category

Instruction
symbol

Symbol

Processing details

Number of
steps

Reference

Arithmetic
operation
instruction

S.ADD

~[sapp  [s1[D1]s2|p2H

S_ADD
— EN ENO [—
— st d1 |—

— s2 d2 —

ENO:=S_ADD(EN,s1,s2,d1,d2);

Adds the input data with coefficients.

Page 222

S.SuB

—{ s.suB |s1\D1|sz|DzH

S_SuB
— EN ENO [—
— si dl —

— s2 d2 —

ENO:=S_SUB(EN,s1,s2,d1,d2);

Subtracts the input data with
coefficients.

Page 224

S.MUL

~{smuL  [s1]p1[s2[p2}H

S_MUL
— EN ENO [—

— s1 dl —

— s2 d2 —

ENO:=S_MUL(EN,s1,s2,d1,d2);

Multiplies the input data with
coefficients.

Page 226

S.DIV

~| spIv

|s1/p1]s2|p2}

S DIV
— EN ENO |—
— st d1 |—

— s2 d2 —

ENO:=S_DIV(EN,s1,s2,d1,d2);

Divides the input data with coefficients.

Page 228
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Instruction X X Number of
Category Symbol Processing details Reference
symbol steps
~[ssar  [s1|p1[s2]p2}H
S_SQR
S.SQR I ENO |— putputs the square root (4~ ) of the 8 Page 230
input data.
— st d1 =
— s2 d2 —
Arithmetic
met ENO:=S_SQR(EN,s1,s2,d1,d2);
operation
instruction *{ S.ABS ‘S1|D1‘82|D2H
S_ABS
Outputs the absolute value of the input
S.ABS — En ENO [— P P 8 Page 232
data.
— s1 d1 —
— s2 d2 —
ENO:=S_ABS(EN,s1,s2,d1,d2);
625 Comparison operation instructions
Instruction Number of
Category Symbol Processing details Reference
symbol steps
s> |s1[p1]s2]p2}
S_GT
Compares the input data and outputs
S.> — En ENO |— P put P 7 Page 234
the result of comparison.
— st d1 —
— 2 a2 — > o
NN
ENO:=S_GT(EN,s1,s2,d1,d2); o
-
—s.< |s1]p1]s2[p2H Q9
3 —_—
52
Comparison ST . g' ,(_Cz
] Compares the input data and outputs 5o
operation S.< — EN ENO — ) 7 Page 236 o 3
. . the result of comparison. g @
instruction — st d1 — 3
— s2 d2 §'
5
ENO:=S_LT(EN,s1,s2,d1,d2); =
Q
~[s.=  [st|p1]s2]p2H :
S_EQ
S = 1 en ENO |— Compares the input.data and outputs 7 Page 238
the result of comparison.
— st d1 -
— s2 a2 —
ENO:=S_EQ(EN,s1,s2,d1,d2);
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Instruction

Number of

Category Symbol Processing details Reference
symbol steps
~[s.>= [s1|p1[s2|p2}
S_GE
Compares the input data and outputs
S.>= — en ENO [— P put P 7 Page 240
the result of comparison.
— st d1 —
— s2 a2 —
Comparison
p. ! ENO:=S_GE(EN,s1,s2,d1,d2);
operation
instruction ~[s.<= [s1]p1]s2[p2]|
S_LE
Compares the input data and outputs
S. <= — EN ENO [— P put: P 7 Page 242
the result of comparison.
— st d1 —
— s2 d2 —
ENO:=S_LE(EN,s1,s2,d1,d2);
626 Auto tuning instructions
Instruction Number of
Category Symbol Processing details Reference
symbol steps
~[sam1 [s1]p1[s2|p2[p3}
S_AT1
Auto Tunin Performs auto tuning and makes the
NI 5 AT1 — En ENO |— reriorms 9 9 Page 247
Instruction — &1 a1 - initial setting of the PID constants.
— s2 d2 —
d3 [—

ENO:=S_AT1(EN,s1,s2,d1,d2,d3);
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CHAPTER 7 How To READ INSTRUCTION DETAILS

This chapter explains the page layout for chapters that describe instruction details (Chapter 8 to 13).

The descriptions in this chapter are for explanation purpose only, and are different from the actual pages.

siN_|
H——— 8.1 SIN
Ladder diagram
Start contact
N—t > SIN " [9[ol® 6 H
Structured ladder/FBD Structured text language
S_IN
- = ENO 1= ENO:=S_IN(EN,s1,s2,d1,d2);
3) > . o b
— 2 @ f—
Input argument  EN Execution condition Bit
[S) Input data start device : Real data type
4) —_—T> @ Operation constant start device Array of real data type (0..7)
Output argument  ENO Execution result Bit
® Block memory start device Array of any 16-bit data (0..2)
@ Loop tag memory start device Aray of any 16-bit data (0..127)
Applicable device
Setting Internal device N MELSECNET/H direct Intelligent 5
—_ L » data (System, user) D devic function module incexiregiatengy[Constant Others
5) _y . register _ew © ) . Zn K, H
Bit Word Bit Word device U: H =
S) - O - -
= — — »
® O z
® — O —
@ — O —
6) » Function

Converts the input value (E1) of the device specified in &) into an engineering value, and stores the result into the device
specified in ©).
Also performs the range check, input limiter processing and digital filter processing of the input value (E1) at this time.
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A section number, instruction name, and instruction symbol

2) A written format in the ladder diagram and execution conditions
Execution condition During on
Symbol shown on the ,—|
reference page
3) Written formats in the structured ladder/FBD and structured text language
4) Explanations of the setting data. In Structured projects, replace the setting data 6% and with s1 and d1.
For details on data types, refer to the MELSEC-Q/L/F Structured Programming Manual (Fundamentals).
5) Alist of available devices. Devices with O are available.
Devices are classified as shown below.
Internal devices File Link direct device " Intelligent
functi i
Setting data (System, User) register JiTN ;I:;LT: Indexzr:glster Constant™ | Others™
Bit Word R, ZR Bit Word Us\GE
X, Y, M, L, P1,J,U
T,ST,C,D L 1LJ U,
Applicable SM,F,B, | T T I\ DX, DY, N
W, SD, SW, NG S
devices™! SB, FX, R.ZR {IASW UAG KH.ES BL, TR, BL
Fy'2 FD, @i} \S,V
*1: For the description for the individual devices, refer to the User's Manual (Function Explanation, Program Fundamentals) for
the CPU module used.
*2: FX and FY can be used only for bit data, and FD only for word data.
*3: Usable with the CC-Link IE Controller Network, CC-Link IE Field Network, MELSECNET/H, and MELSECNET/10
*4: Devices which can be set are recorded in the "Constant" and the "Other" columns.

6) The function of the instruction
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| siN

7) ———+— Block diagram

The processing block diagram of the S.IN instruction is shown below.
(The numerals (1) to (5) in the diagram indicate the order of the processing.)

HH, H, L, LL ‘ NMAX, NMIN | ‘ EMAX, EMIN | a

1) l ) l (3) l ) l

Input limiter value reverse Digital filter BW
conversion

E1

Range check

s  |RUNGPA=O)

STOP(SPA=1)

AND '
Lower ! r
lmit alarm 1 I 1
I
w i
SR S
Ao [T BB3
,,,,,, } ==
I
I
I
I,

SEA -
ERRINSEI
S Loopstop |y OFF i
MODE processing |~ _____________ i
8) ———» SetData
(1) Data specified in S.IN instruction
Standard | Set
Specified position | Symbol Name Recommended range " Unit | Data format
value by
§+0
Input data ’ E1 Input value -999999 to 999999 — | Real number — u
+
©+0
’ BW  |Output value | (-999999 to 999999) % | Real number — S
+
BB —_
Block BB1 | Alarm 15 1 b8 b4 b0
B(B|B
memory BlelB
+2 BB2 I.np.ulupper ‘ ‘ ‘ ‘ ‘ ‘ ‘ al2|1 _ BIN _ s
limit alarm 16bit
Input lower (0: Without alarm)
BB3 |\ it alarm (1: With alarm)

*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
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7) The processing flow of the instruction

8) List of control data. S and U in the Set by column means:
» S: Stored by the system
» U: Set by the user

53



S.DED |

(2) Execution cycle (AT)

Set the execution cycle in SD1500 and SD1501 as real numbers. n
9) I » . Processing.contents
(1) The S.DED instruction performs the following operation.
el OCHG Dead time BW
1 [ None E1
UptoSN E1 when e1 turns from 1 to 0
0 times
Later than SN o
. Oldest data
10 STxsN  [omes
l.Jp to SN Ys
1 times
Later than SN .
! Oldest data ™!
times
0-0 o STxSN  [Oldest data "'
"1 The oldest date is the E1 after the SNth time.
+ When the dead time table date is not filled, BB1 is turned 1.
* When SN =0, BB1=0and BW =E1.
Operation.Error.
10) ———— 1>
* When an operation error occurs Error code: 4100
* When the sampling count is other than 0 to 48 Error code: 4100

a3ass zi'e
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9) Processing details of the instruction

10) Error conditions and error codes
For errors other than described here, refer to the QCPU User's Manual (Hardware Design, Maintenance and

Inspection).
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CHAPTER 8 /0 CONTROL INSTRUCTIONS

8.1 S.IN

Ladder diagram

| Start contact

S.IN | [ | } SN

@\!@@H

Structured ladder/FBD Structured text language
S_IN
- EN ENO = ENO:=S_IN(EN,s1,s2,d1,d2);
— s1 d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..7)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JITE
g . R, ZR - Uii\Gi] Zn Constant | Other
data Bit Word Bit Word
B — o —
— O — =)
® O o
— O — P

Converts the input value (E1) of the device specified in &) into an engineering value, and stores the result into the device
specified in @).
Also performs the range check, input limiter processing and digital filter processing of the input value (E1) at this time.

55



| SN

Block diagram

The processing block diagram of the S.IN instruction is shown below.

(The numerals (1) to (5) in the diagram indicate the order of the processing.)

HH, H, L, LL NMAX, NMIN EMAX, EMIN o
() 2) (3) 4)
E1 Engineering >
Range check |- — —, Input limiter value reverse Digital filter BW
7 : conversion >
RUN(SPA =0) ol
5) [ Upper limit alarm
[
[
Loopstop || STOP(SPA=1) | ~ ~~~~~~===~=7~ N T S "~” BB2
judgment : Lower it g : i -»
| limit alarm | I |
] ' : : '
I l
| S F— S
I | | | BB3
S oo . e
[ ' Lo |
I ' b I
I : b |
| l b B A R e
! : l___,| ©R ! bl BB1
SPA - : [
o
I I
- ————— = Ll
[
SEA D ] L
| ) Last BW |
I — as
ERRINSEl f————-———————————————— . |
MAN| LOOPStop | Al OFF |
MODE «—-——— - processing |- - - — _ _ _ _ _ __ _______ J
Set.Data
(1) Data specified in S.IN instruction
. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
6)+0
Input data ] E1 Input value -999999 to 999999 — | Real number — ]
+
©+0
1 BW Output value | (-999999 to 999999) % | Real number — S
+
BB —
Block BB1 | Alarm b15 b12 b8 b4 b0
B|B|B
memory
+2 BB2 Input upper 2 2 ? BIN s
limit alarm | 16bit o
BB3 Input lower (0: Without alarm)
limit alarm (1: With alarm)
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Engineering
®+0 : Real
EMAX | conversion -999999 to 999999 % 100.0 U
+1 L number
upper limit
Engineering
+2 ) Real
EMIN | conversion -999999 to 999999 % 0.0 U
+3 . number
lower limit
+4 Input upper Real
NMAX | -999999 to 999999 — 100.0 U
+5 limit number
+6 Input | Real
NMIN | PEOYER 999999 to 999999 — " 0.0 u
+7 limit number
Operation Upper limit
+8 Real
constant HH range error -999999 to 999999 — 110.0 U
+9 number
occurrence
+10 Upper limit Real
H range error -999999 to 999999 — 100.0 U
+11 number
return
12 Lower limit Real
L range error -999999 to 999999 — 0.0 U
+13 number
return
Lower limit
+14 Real
LL range error -999999 to 999999 — -10.0 u
+15 number
occurrence
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©+1| MODE clclclclclclamlLlLL — . 8y S/U
mode s|mlc|a|m|alulalc|c|c 16bit
V| V|B|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
s s
P E
3| AM Alarm A A - BIN 4000, Ss/U ®
detection 16bit =
Loop tag SPA SEA 1)
* 0: Loop RUN (0: Without alarm) >
memory 1: Loop STOP (1: With alarm)
0 to FFFFy
b15 b12 b8 b4 b0
Alarm E s BIN
R
+4| INH |detection R T — _ O S
s | 16bit
inhibition
0: Alarm enable
1: Alarm inhibit
+38 Filter Real
o . Oto1 — 0.2 U
+39 coefficient number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)

57



| SN

Processing.contents

(1) Range check
(a) Arange check is performed on the input value (E1).
An alarm is output if the input value (E1) exceeds the upper/lower limit value.

Range check Condition Range check result (alarm output)

BB2 BB3 BB1, SEA

E1>HH 1M1 — 1M1

Upper limit check [E1 <H 0 —_ 0
H<E1<HH Last value — Last value

E1<LL — 1M1 1M1

Lower limit check |E1>L — 0 0
LL<E1<L — Last value Last value

*1 When SEI or ERRI in the alarm detection inhibition (INH) is set to 1, SEA, BB1, BB2 and BB3 show 0 since the alarm is
prohibited.

(b) Last value hold processing
When a range excess occurs (BB1 = 1) in the range check, whether operation will be continued unchanged or the
S.IN instruction will be terminated is judged depending on whether SM1500 is ON or OFF.
1) When SM1500 is OFF (not in the hold mode), "(2) Input limiter processing" is performed if a range excess
occurs (BB1 =1).
2) When SM1500 is ON (in the hold mode), the following processing is performed and the S.IN instruction is
terminated if a range excess occurs (BB1 = 1).
* BW retains the last value.
+ Error information is set in BB.
(2) Input limiter processing
Upper/lower limiter setting is made on the input value (E1).

Condition Result (T1)
E1>NMAX NMAX
E1 <NMIN NMIN
NMIN < E1 < NMAX E1
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(3) Engineering value reverse conversion
The result (T1) of the input limiter is converted reversely from the engineering value according to the following
expression.

T2

EMAX

T1—NMIN
T2=(EMAX EMIN)Xm +EMIN

EMIN

(4) Digital filter
The input value (E1) is digitally filtered according to the following expression.
The digital filter is used to reduce noise.
BW=T2 + a x (Previous BW value - T2)

(5) Loop stop processing

(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.IN instruction.
1) BW retains the last value.
2) SEA of the alarm detection (ALM) are turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 to BB3 of BB are turned to 0.

(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(1) Range check".

Operation. Error

<)
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO. -
»
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU =
When an operation error occurs O O —
4100 When the values of @ , @ are either a non-numeric or O 0O -
non-normalized number
When HH < H, L < LL, or NMAX < NMIN O O O
4140 When the values of @ , @ are either a non-numeric or o o O
non-normalized number
4141 When an operation error occurs — — O
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8.2 S.OUTA
Ladder diagram
| Start contact
soutt | || | soutt | & | [ @ ]
Structured ladder/FBD Structured text language
S_OuT1
— BN ENO = ENO:=S_OUT1(EN,s1,s2,d1,d2);
— s1 d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
© : Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JiTNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
S) — O —
© — O —
® — O —
©2 — O —
Function

Calculates the manipulated value (MV) by performing input addition processing from the input value (E1 = AMV) of the device
specified in &), and stores the result into the device specified in ©9.

Also performs the change rate, upper/lower limiter, reset windup and output conversion processings of the calculated
manipulated value (MV) at this time.
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Block diagram

The processing block diagram of the S.OUT1 instruction is shown below.

(The numerals (1) to (6) in the diagram indicate the order of the processing.)

I All OFF | Loop stop

MAN| processing | All OFF

MH, ML, DML MV MVP NMAX, NMIN
(1) AUT(2) 3) 4) (5)
E1 or like
Mode Input addition Shagglivrvaéf , Reset windu coour:eg:sion >
judgment processing I pp P ) BW
imiter processing >
T T T
®) RUN(SPA=0) MAN or like o
[
Loo _ | | |
stopp STOP(SPA=1) Alarm clear : : |
; i I
judgment processing : : : Upper limit alarm
: : : | Lower limit alarm
! o
: o l Change rate alarm
o
I I
SPA ! !
|
| |
R | Fe———— e ——— —— - —+—»
ERRIN MHI | AND | BB2
I i e >
I
- Lt e L_J4_1_
ERRI N MLI AND -t : >
| P SR . —»
. T
(I I
ERRINDMLI AND _4'__:_7 _____________ :______' BB4
Loy bog-r»
b |
P |
P |
v |
——————————— - !
I I ©
MHA o ! R
I
ol |
___________ _:_ e | | 8
MLA vl ! c
Bl | 3
I
——————————— -t :
DMLA o |
| b |
| I : i F———t——|-1-»
TRKF | [ OR ! BB1
| I -1
T g I
| I
MODE - ———————— \ ! |
| | I
| | (6) :
! | Last BW |
T
‘ |
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Set.Data

(1) Data specified in S.OUT1 instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&+0 Input value Real
Input data E1 -999999 to 999999 % — u
+1 (AMV) number
+ Real
0 BW | Output value | (-999999 to 999999) — — S
+1 number
BB —
BB1 | Alarm
Block Output upper b15 b12 b8 b4 b0
memory BB2 limit alarm 4HHE
*2 Output | 3 2 2 ? BIN S
BB3 | Poriower 16bit
limit alarm (0: Without alarm)
Outputchange | (1: With alarm)
BB4
rate alarm
Output
62+0 . Real
NMAX | conversion -999999 to 999999 — 100.0 U
. +1 . number
Operation upper limit
constant Output
+2 . Real
NMIN | conversion -999999 to 999999 — 0.0 U
+3 . number
lower limit
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©+1| MODE clclclclclc]amIL]L]L — . 8y S/
mode s|m|c|alm|alu|alc|c|c 16bit
V| v|(B|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
S D S MM
P M E H|L
A /L\ A AlA
Alarm BIN
+3| ALM — 4000 S/U
detection SPA 16bit H
0: Loop RUN
1: Loop STOP
Loop tag DMLA, SEA, MHA, MLA
memory *2 (0: Without alarm)
(1: With alarm)
0 to FFFFy
b15 b12 b8 b4 b0
E T D MM
R R M H|L
R K L 1]
Alarm ! F !
. BIN
+4| INH |detection TRKF — . On S/U
inhibition (0: Without tracking) 16bit
(1: With tracking)
ERRI, DMLI, MHI, MLI
0: Alarm enable
1: Alarm inhibit
+12 Manipulated Real
MV P 100 110 % 0.0 SIU
+13 value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Output upper Real
@181y | Outputupper | o410 % 100.0| U
+19 limit value number
+20 Output lower Real
ML . -10 to 110 % 0.0 U
+21 limit value number
+48 Outputchange Real
Loop tag DML |rate 0to 100 % 100.0| U
- +49 . number
memory limit value
+54 Integral Real
0 to 999999 s 10.0 U
+55 constant number
MV insid
+62 |n§| e Real
MVP | operation (-999999 to 999999) % 0.0 S
+63 number
value
Loop tag
past value
N ©2+116 — — Used by the system as a work area. — —_— — S
memory "2
*3
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The application of the loop tag past value memory are indicated below.
Specified position Description
Alarm detection 2 (ALM2)
b15 b12 b8 b4 b0
M[ M
L|H
6 +116 Al A
2|2
MHA2,MLA2
(0: Without alarm)
(1: With alarm)

When control is to be started from the initial status, the data must be cleared with the sequence program.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

l1NO'S ¢'8

Processing.contents

(1) Mode judgment

Either of the following processings is performed depending on the operation mode (MODE).

(@) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM (alarm clear processing)
1) MHA, MLA and DMLA of the alarm detection (ALM) are turned to 0.
2) MHA2 and MLAZ2 of the alarm detection 2 (ALM2) are turned to 0.
3) BB1 to BB4 of BB are turned to 0.
4) The tracking flag (TRKF) of the alarm detection inhibition (INH) is turned to 1.
5) "(5) Output conversion processing" is performed and the instruction is terminated.

(b) When the operation mode (MODE) is any of AUT, CAB, CAS, CCB, CSV, LCA and LCC, "(2) Input addition
processing" is performed.
However, when SEA of the alarm detection (ALM) is 1 and SM1501 is ON (with hold), BB1 to BB4 are turned to 0
and the S.OUT1 instruction is terminated.
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(2) Input addition processing
The temporary MV (T) is calculated on the basis of the input value (E1 = AMV).
(a) When the tracking flag (TRKF) of the alarm detection inhibition (INH) is 1, the following processing is performed.
1) The manipulated value (MV) is stored into the MV internal operation value (MVP).
2) The input value (E1) is changed to 0. (AMV = 0)
3) The tracking flag (TRKF) of the alarm detection inhibition (INH) is turned to 0.
4) The temporary MV (T) is calculated with the following expression.
T=E1+MVP
MVP =T
(b) When the tracking flag (TRKF) of the alarm detection inhibition (INH) is 0, the temporary MV (T) is calculated with
the following expression.
T=E1+MVP
MVP =T
(3) Change rate, upper/lower limiter
The change rate and upper/lower limits are checked for the input value (E1 = AMV), and the data after the limiter
processing and an alarm are output.
(a) The change rate limiter performs the following operation and outputs the result of the operation to BB4 and DMLA.

Condition BB4, DMLA Result (T1)
[T-MV|< DML 0 T
(T-MV)> DML 1M1 MV + DML

(T-MV)<-DML 1M1 MV - DML

*1 When DMLI or ERRI in the alarm detection inhibition (INH) is set to 1, DMLA and BB4 show 0 since the alarm is prohibited.

(b) The upper/lower limiter performs the following operation and outputs the result of the operation to BB2, BB3, MHA,
MLA, MHA2, and MLA2.

Condition BB3, MLA, MLA2 BB2, MHA, MHA2 MV
T1>MH 0 172 MH
T1 <ML 173 0 ML

ML<T1<MH 0 0 T1

*2 When MHI or ERRI in the alarm detection inhibition (INH) is set to 1, MHA and BB2 show 0 since the alarm is prohibited.
However, even if MHI and/or ERRI in the alarm detection inhibition (INH) is set to 1, MHA2 holds 1.

*3 When MLI or ERRI in the alarm detection inhibition (INH) is set to 1, MLA and BB3 show O since the alarm is prohibited.
However, even if MLI and/or ERRI in the alarm detection inhibition (INH) is set to 1, MLA2 holds 1.
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(4)

(7)

Reset windup

If the manipulated value (MV) exceeds the upper/lower limit value, the following operation is performed to return it to the
upper/lower limit value and enable immediate response when the deviation is inverted.

However, when the integral constant (T1) is 0, the reset windup processing is not performed.

Condition Operation expression
When T1 > MH, ATT =1 MVP=%(MH —N+T
When T1 < ML, A7T =1 MVP=%(ML—T)+T

Output conversion
In the output conversion, the output value is calculated from the following formula.

— NMAX—NMIN
100

BW x MV + NMIN

Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.OUT1 instruction.
1) BW retains the last value.
2) DMLA, MHA and MLA of the alarm detection (ALM) are turned to 0.
3) MHAZ2 and MLAZ2 of the alarm detection 2 (ALM2) are turned to 0.
4) The operation mode (MODE) is changed to MAN.
5) BB1 to BB4 of BB are turned to 0.

(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(1) Mode judgment”.
Hold processing
Used to specify whether the output value will be held or not by the S.OUT1 instruction at sensor error occurrence
(detected by the S.IN instruction).
A hold processing is performed when the value is determined as RUN at "Loop stop judgement".
Use SM1501 to select whether the manipulated value (MV) will be held or not at sensor alarm occurrence.
* SM1501 = OFF: Manipulated value (MV) will not be held.
* SM1501 = ON: Manipulated value (MV) will be held.

Operation.Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of €9, €2, ©2 are either a non-numeric or O O o
non-normalized number
4140 When the values of @ @ are either a non-numeric or o o O
non-normalized number
4141 When an operation error occurs — — O
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8.3 S.0UT2
Ladder diagram
| Start contact
sout2 [ | | | _sourz | & | [ @ | ® }—|
Structured ladder/FBD Structured text language
S_OUT2
— BN ENO — ENO:=S_OUT2(EN,s1,s2,d1,d2);
— s1 d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
© : Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JiTNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
S) — O —
© — O —
® — O —
©2 — O —
Function

Converts the input value (E1 = MV) of the device specified in ) into an output, and stores the result into the device specified
in ©).

Also performs the change rate, upper/lower limiter processing and output conversion processing of the input value at this
time.
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Block diagram

The processing block diagram of the S.OUT2 instruction is shown below.

(The numerals (1) to (4) in the diagram indicate the order of the processing.)

MH, ML, DML MV NMAX, NMIN
E1
(1) (2) (3)
Change rate, Output >
Mode - i
b : upper/lower conversion
judgment | AUT or like iPeer processing » BW
(4)  |RUN(SPA=0) .
MAN or like | Alarm clear
Loop STOP(SPA=1) processing
stop
judgment Upper limit alarm
Lower limit alarm
Change rate alarm
SPA
ERRI N WHI anp  [KTTTTTTTTTTTTTITTT “T7” BB2
—————————————————————— | r——Fa1-
| |
. Ly o ———— — L_Jd_1_
ERRI N MLI AND T [ > o83
|
————————————————————————————— » : | +— -—1-r-»
I : L
ERRI N DMLI I Attt -1-r->
AND l ! BB4
————————————————————————————— > nE bot-bos
Lo !
P '
P '
_" ol :
i i [
] ! ©
MHA ) pod I w
____________________ ! [ : o
| I
e [ a4 [ o
MLA [ Lol I c
{-——-———"—"—"—"—"—"—"—"——————— — [ | —
| Lo ' N
(oo [EE S — Aot !
DMLA | b |
i - Ul !
| | L—
. Pl IS S N S
| [t OR | BB1
! I ——t—tp
e > [
| I
MODE - ———————— \ : |
| | I
| I (4) !
! ! Last BW |
I ot Al OFF | Loop stop T
: MAN| Processing | All OFF !
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Set.Data

(1) Data specified in S.OUT2 instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Input Real
Input data ©+0 E1 P -999999 to 999999 % — u
+1 value(MV) number
Real
©+0 BW | Output value | (-999999 to 999999) — — S
+1 number
BB
BB1 |Alarm
Block Output upper b15 b12 b8 b4 b0
memory BB2 limit alarm 4HHE
*2 Output | 3 2 2 ? BIN S
BB3 | Pt IOWer 16bit
limit alarm (0: Without alarm)
Outputchange | (1: With alarm)
BB4
rate alarm
Output
62+0 ) Real
NMAX | conversion -999999 to 999999 — 100.0 U
. +1 - number
Operation upper limit
constant Output
+2 . Real
NMIN | conversion -999999 to 999999 — 0.0 U
+3 . number
lower limit
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©+1| MODE clclclclclc]amIL]L]L — ) 8 S/U
mode s|m|c|alm|alu|alc|c|c 16bit
V| v|(B|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
s D s MM
P M E H|L
A L A AlA
Alarm A BIN
+3| ALM — 4000 S/U
detection SPA 16bit H
0: Loop RUN
1: Loop STOP
DMLA, SEA, MHA, MLA
Loop tag (0: Without alarm)
o (1: With alarm)
memory
0 to FFFFy
b15 b12 b8 b4 b0
Alarm E D M| M
. R M HlL BIN
+4 INH detection R L R — . On S/U
R ! | 16bit
inhibition
0: Alarm enable
1: Alarm inhibit
+12 Manipulated Real
MV -10 to 110 % 0.0 S/U
+13 value number
+18 Output upper Real
MH | PURUPPEE ) 4646 110 % 100.0 u
+19 limit value number
+20 Output lower Real
ML | P -10'to 110 % 0.0 U
+21 limit value number
+48 Outputchange Real
DML PULENANd® | 4 15 100 % 100.0 u
+49 rate limit value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)
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Processing.contents

(1) Mode judgment
Either of the following processings is performed depending on the operation mode (MODE).
(@) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM (alarm clear processing)
1) MHA, MLA and DMLA of the alarm detection (ALM) are turned to 0.
2) BB1 to BB4 of BB are turned to 0.
3) "(3) Output conversion processing" is performed and the S.OUT2 instruction is terminated.

(b) When the operation mode (MODE) is any of AUT, CAB, CAS, CCB, CSV, LCA and LCC, "(2) Change rate, upper/
lower limiter" is performed.
However, when SEA of the alarm detection (ALM) is 1 and SM1501 is ON (with hold), BB1 to BB4 are turned to 0
and the S.OUT2 instruction is terminated.
(2) Change rate, upper/lower limiter
The change rate and upper/lower limits are checked for the input value (E1), and the data after the limiter processing and
an alarm are output.

(@) The change rate limiter performs the following operation and outputs the result of the operation to BB4 and DMLA.

Condition BB4, DMLA Result (T1)
|E1 - MV| < DML 0 E1
(E1-MV)> DML 11 MV + DML
(E1-MV) <-DML 11 MV - DML

*1 When DMLI or ERRI in the alarm detection inhibition (INH) is set to 1, DMLA and BB4 show 0 since the alarm is prohibited.

(b) The upper/lower limiter performs the following operation and outputs the result of the operation to BB2, BB3, MHA

and MLA.
Condition BB3, MLA BB2, MHA MV
T1>MH 0 172 MH
T1 <ML 173 0 ML
ML<T1<MH 0 0 T

*2 When MHI or ERRI in the alarm detection inhibition (INH) is set to 1, MHA and BB2 show 0 since the alarm is prohibited.
*3 When MLI or ERRI in the alarm detection inhibition (INH) is set to 1, MLA and BB3 show 0 since the alarm is prohibited.

(3) Output conversion
In the output conversion, the output value is calculated from the following formula.

— NMAX—NMIN
100

BW x MV + NMIN
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(4) Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.OUT2 instruction.
1) BW retains the last value.
2) DMLA, MHA and MLA of the alarm detection (ALM) are turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 to BB4 of BB are turned to 0.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(1) Mode judgment".
(5) Hold processing
Used to specify whether the output value will be held or not by the S.OUT2 instruction at sensor error occurrence
(detected by the S.IN instruction).
A hold processing is performed when the value is determined as RUN at "Loop stop judgement".
Use SM1501 to select whether the manipulated value (MV) will be held or not at sensor alarm occurrence.
+ SM1501 = OFF: Manipulated value (MV) will not be held.
+ SM1501 = ON: Manipulated value (MV) will be held.

Operation. Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of @ @ are either a non-numeric or O O .
non-normalized number
4140 When the values of @ @ are either a non-numeric or _ o O
non-normalized number
4141 When an operation error occurs — — O
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8.4 S.MOUT
Ladder diagram
| Start contact
S.MOUT | | | smout [ @) | | ® | —
Structured ladder/FBD Structured text language
S_MOuUT
- = ENO 1= ENO:=S_MOUT(EN,s1,s2,d1,d2);
— st a1 —
— s2 d2 [—
Input argument EN : Execution condition : Bit
S) - Dummy device™ : Real data type
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Operation constant start device : Real data type
: Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JIE R
g R, ZR UG Zn Constant | Other
data Bit Word Bit Word
S) — O —
— O _
® - o —
© — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Converts the manipulated value (MV) specified in © into an output, and stores the result into the device specified in ©9.

7
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Block diagram

The processing block diagram of the S.MOUT instruction is shown below.

(The numerals (1) to (3) in the diagram indicate the order of the processing.)

v

v

MV NMAX, NMIN
(1) 2)
MAN or like
Mode Output
judgment conversion
RUN(SPA=0) ;
3) AUT or like Last BW
Loop _
stop STOP(SPA=1)
judgment
A
I
e 1
I
I
I
d ©)
SPA T
Loop stop Last BW
MODE - e MAN| processing
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Set.Data

(1) Data specified in S.MOUT instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Block Real
©+0 BW | Output value | (-999999 to 999999) — — S
memory +1 number
Output
®+0 . Real
NMAX | conversion -999999 to 999999 — 100.0 U
. +1 . number
Operation upper limit
constant Output
+2 . Real
NMIN | conversion -999999 to 999999 — 0.0 U
+3 L number
lower limit
0 to FFFFy
o ) b15 b12 b8 b4 b0 BIN
peration clciclc|clc|alm|L|L]|L
©+1| MODE s|mlc|alm|alulalc|c|c — . 8y S/U
mode v|V|B|B|B|S|T|N|C|A|M 16bit
0 to FFFFy
Loop tag b15 b12 b8 b4 b0
memory *2 s
Alarm BIN
+3| ALM ) A — . 40004 S/U
detection 16bit
SPA
0: Loop RUN
1: Loop STOP
+12 Manipulated Real
MV -10 to 110 % 0.0 U
+13 value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)

1NOW'S V'8

Processing.contents

(1) Mode judgment
Either of the following processings is performed depending on the operation mode (MODE).
(@) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM
1) The manipulated value (MV) is used as the output value (BW).
2) "(2) Output conversion processing" is performed.
(b) When the operation mode (MODE) is any of AUT, CAB, CAS, CCB, CSV, LCA and LCC, BW retains the last value.

(2) Output conversion
In the output conversion, the output value is calculated from the following formula.

szw % MV + NMIN
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(3) Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.MOUT instruction.
1) BW retains the last value.
2) The operation mode (MODE) is changed to MAN.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(1) Mode judgment".

Operation.Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of €, ©2 are either a non-numeric or non-
. O O _
normalized number
4140 When the values of @, @ are either a non-numeric or non- _ o O
normalized number
4141 When an operation error occurs — — O
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8.5

S.DUTY

Ladder diagram

S.DUTY

| Start contact
|| |

S.DUTY ‘

@|@\H

Structured ladder/FBD

Structured text language

S_DUTY

ENO |—

d1 —

d2 —

ENO:=S_DUTY(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

[S) : Input data start device : Real data type
& : Dummy device"! : Any 16-bit data
Output argument ENO : Execution result : Bit
: Operation constant start device : Array of any 16-bit data (0..1)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JIE R
g - R, ZR . Uii\GE Zn Constant | Other
data Bit Word Bit Word
S) — O _
— O _
® — O _
@ - o —
*1 Special register SD1506 can be specified as a dummy device.

Calculates the manipulated value (MV) by performing input addition processing from the input value (E1 = AMV) of the device

specified in ). Turns ON/OFF the device specified in ©) in proportion to

the manipulated value (MV).

The ON/OFF time is a value on the assumption that the time specified as the control output cycle (CTDUTY) is 100%.

The ON/OFF time is changed in each execution cycle.

Also performs the change rate, upper/lower limiter and reset windup of the calculated manipulated value (MV) at this time.

Manipulated

value 70% Lo :
50% ________ 1 ____E—____I
1 I 1
30% -~ -7~ i | i
I 1 I 1

’ T T ; T Time
I 1 I 1
I 1 I 1
on| L
Output Value (BW) OFF r [ [ '
(Device specified in ©1) ) .
30% 50% 70%
70% 50% 30%
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Block diagram

The processing block diagram of the S.DUTY instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

v

MH, ML, DML | MV MVP CTDUTY
A A
AUT
(1) or like (2) (3) v (4) () (6)
E1
"| Mode T ;nd‘:jl:ttion _’ Eha:r%vrva;re [ 7] Reset 8nt';t)ilrj1:e | Output
judgment . iPp windup 8 conversion
processing limiter conversion
T
@) RUN(SPA=0) MAN or like :
. STOP |
00 = I
stopp (SPA=T) Alarm clear |
; ; I
judgment processing : Upper limit alarm
A T
| : Lower limit alarm
I
I
: : Change rate alarm
! I
SPA | !
I
| I
- T T, N @ — -
ERRI N MHI | Lo AND T
————————————— i R | -~
l o ! |
T e N | ) e _____ __
ERRINMLI | | 'oano [T ]
------------- A S N ‘-]
| | | |
[ JRR— | Lo e e - = P I | 1
I I
ERRIN DMLI : AND | ‘lr T ':
_____________ I_ -t ToTTTTTTTTT T T T T _> I | | * - -
| : (. |
| | [ 1
4 [ 1
| oy |
[ o |
LR R e e 40 !
MHA | b |
e L ! [ !
"""""" P . |
e I — o ;
MLA | | b .
. P . . |
D S S R L1 ;
DMLA [ ' Loy |
L | | 1o 1
D T T * | | | 1
[ | L I
1
TRKF R ! i i L---» OR |
I I - -
T > !
| 1
MODE D | !
| | @ |
| | Last BW |
X I____AILOFF 1) oop stop X
: MAN| processing | All OFF :

76

v

BW

BB4
»

BB1
.}



S.DUTY

Set.Data

(1) Data specified in S.DUTY instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&+0 Input value Real
Input data E1 -999999 to 999999 % — U
+1 (AMV) number
BW —
b15 b12 b8 b4 b0
B
©+0 T BIN
BW1 | Output bit ! — _ — s
16Bit
(0: OFF)
(1: ON)
Block BB
memory BB1 Alarm
ggy | CUtPUtUPPer |15 p4p b8 ba bo
limit alarm B|B|B|B
B|B|B|B
+1 Output lower 413|201 BIN
BB3 o — . — S
limit alarm 16Bit
Output (0: Without alarm)
(1: With alarm)
BB4 |change rate
alarm
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©+1| MODE clclclclclclamlLTL]L — . 8y S/U
mode s|m|c|alm|alu|alc|c|c 16Bit
V|V|B|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
S D S MM
P M E H(L )
A /IR A AlA o
Alarm BIN »n
+3 ALM — 4000 S/U ;
detection | SPA 16Bit . =)
0: Loop RUN j
1: Loop STOP
Loop tag DLMA, SEA, MHA, MLA
memory 2 (0: Without alarm)
(1: With alarm)
0 to FFFFy
b15 b12 b8 b4 b0
E T D MM
R R M H|L
R K L 1]
Alarm ! F !
) BIN
+4 INH detection TRKF — . Oy S/U
inhibition (0: Without tracking) 16Bit
(1: With tracking)
ERRI, DMLI, MHI, MLI
0: Alarm enable
1: Alarm inhibit
+12 Manipulated Real
MV P 10 to 110 % 0.0 | sW
+13 value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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N Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Output upper Real
@181y [ Outeutupper | o4 % 1000 | U
+19 limit value number
+20 Output lower Real
ML . -10 to 110 % 0.0 u
+21 limit value number
Output
+48 Real
DML change rate |0 to 100 % 100.0 u
Loop tag +49 . number
. limit value
memory +54 Int | Real
ntegra ea
| g 0 to 999999 s 10.0 u
+55 constant number
MV inside
+62 . Real
MVP operation (-999999 to 999999) % 0.0 S
+63 number
value
+68 Control Real
CTDUTY 0 to 999999 Note that Mé 32767 s 1.0 u
+69 output cycle AT number
Loop tag 02+116
past value
— — Used by the system as a work area. — — — S
memory
273 121
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
Alarm detection 2 (ALM2)
b15 b12 b8 b4 b0
Ml M
L|H
@ +116 Al A
2|2
MHA2,MLA2
(0: Without alarm)
(1: With alarm)
+118 | Control output cycle counter initial preset flag
+119 | Control output cycle counter 4
+120 | Output counter
+121 | Output ON counter
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The control output cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
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Processing.contents

(1

Mode judgment
Either of the following processings is performed depending on the operation mode (MODE).

(@) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM (alarm clear processing)
1) MHA, MLA and DMLA of the alarm detection (ALM) are turned to 0.
2) MHA2 and MLA2 of the alarm detection 2 (ALM2) are turned to 0.
3) BB1 to BB4 of BB are turned to 0.
4) The tracking flag (TRKF) of the alarm detection inhibition (INH) is turned to 1.
5) "(5) Output ON time conversion processing" is performed.

(b) When the operation mode (MODE) is any of AUT, CAB, CAS, CCB, CSV, LCA and LCC, "(2) Input addition
processing" is performed.
However, when SEA of the alarm detection (ALM) is 1 and SM1501 is ON (with hold), BB1 to BB4 are turned to 0
and the S.DUTY instruction is terminated.
Input addition processing
The temporary MV (T) is calculated on the basis of the input value (E1 = AMV).
(a) When the tracking flag (TRKF) of the alarm detection inhibition (INH) is 1, the following processing is performed.
1) The manipulated value (MV) is stored into the MV internal operation value (MVP).
2) The input value (E1) is changed to 0. (AMV = 0)
3) The tracking flag (TRKF) of the alarm detection inhibition (INH) is turned to 0.
4) The temporary MV (T) is calculated with the following expression.
T=E1+MVP
MVP =T
(b) When the tracking flag (TRKF) of the alarm detection inhibition (INH) is 0, the temporary MV (T) is calculated with
the following expression.
T=E1+MVP
MVP =T
Change rate, upper/lower limiter
The change rate and upper/lower limits are checked for a difference between the temporary MV (T) and manipulated
value (MV), and the data after the limiter processing and an alarm are output.
(@) The change rate limiter performs the following operation and outputs the result of the operation to BB4 and DMLA.

Condition BB4, DMLA Result (T1)
|T-MV| < DML 0 T

(T - MV) > DML 1M MV + DML

(T-MV) <-DML 1M1 MV - DML

*1 When DMLI or ERRI in the alarm detection inhibition (INH) is set to 1, DMLA and BB4 show 0 since the alarm is prohibited.
(b) The upper/lower limiter performs the following operation and outputs the result of the operation to BB2, BB3, MHA,

MLA, MHA2, and MLAZ2..

Condition BB3, MLA, MLA2 | BB2, MHA, MHA2 Y,
T1>MH 0 172 MH
T1 <ML 173 0 ML

ML<T1<MH 0 0 T1

*2 When MHI or ERRI in the alarm detection inhibition (INH) is set to 1, MHA and BB2 show 0 since the alarm is prohibited.
However, even if MHI and/or ERRI in the alarm detection inhibition (INH) is set to1, MHA2 holds 1.

*3 When MLI or ERRI in the alarm detection inhibition (INH) is set to 1, MLA and BB3 show 0 since the alarm is prohibited.
However, even if MLI and/or ERRI in the alarm detection inhibition (INH) is set to1, MLA2 holds 1.
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(4) Reset windup
If the manipulated value (MV) exceeds the upper/lower limit value, the following operation is performed to return it to the
upper/lower limit value and enable immediate response when the deviation is inverted.
However, when the integral constant (T1) is 0, the reset windup processing is not performed.

Condition Operation expression
When T1 > MH, %§1 MVP=%(MH —-N+T
When T1 < ML, A—T <1 MVP:%(ML—THT

(56) Output ON time conversion processing
(a) When the control output cycle (CTDUTY) is reached, the output ON counter is calculated with the following
expression. At this time, the output counter is cleared (to 0).

1
* MV X350

The output ON counter rounds off a fraction to no decimal places.

Output ON Counter = CTDUTY
AT
(b) When the control output cycle (CTDUTY) is not reached, the output counter is incremented by 1 and "(6) Output

conversion processing" is performed.

(6) Output conversion processing
In the output conversion processing, the following processing is performed.

Condition BW
Output counter < output ON counter 1 (ON)
Output counter >output ON counter 0 (OFF)

(7) Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
Aloop stop performs the following processing and terminates the S.DUTY instruction.
1) BW is output at the last ON/OFF rate.
2) DMLA, MHA and MLA of the alarm detection (ALM) are turned to 0.
3) MHA2 and MLAZ2 of the alarm detection 2 (ALM2) are turned to O.
4) The operation mode (MODE) is changed to MAN.
5) BB1 to BB4 of BB are turned to 0.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(1) Mode judgment".
(8) Hold processing
Used to specify whether the output value will be held or not by the S. DUTY instruction at sensor error occurrence
(detected by the S.IN instruction).
A hold processing is performed when the value is determined as RUN at "Loop stop judgement".
Use SM1501 to select whether the manipulated value (MV) will be held or not at sensor alarm occurrence.
+ SM1501 = OFF: Manipulated value (MV) will not be held.
+ SM1501 = ON: Manipulated value (MV) will be held.
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Operation. Error

In the following cases, the error flag (SM0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of @ are either a non-numeric or non- O O _
normalized number
When CTDUTY < 0 or the execution cycle (SD1500) <0 O O
4140 When the values of @ are either a non-numeric or non-

normalized number

|
|
O] O |0

4141 When an operation error occurs — —

ALNA'S 68
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8.6 S.BC
Ladder diagram
| Start contact
sec M |1 = [ & o & [ & H
Structured ladder/FBD Structured text language
S_BC
— BN ENO = ENO:=S_BC(EN,s1,s2,d1,d2);
— st a1 —
— s2 a2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Any 32-bit data
) : Dummy device"! : Any 16-bit data
Output argument ENO : Execution result : Bit
: Operation constant start device : Array of any 16-bit data (0..1)
© : Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices
g R, ZR Ji-A Ui\Gi: Zn Constant | Other
data Bit Word Bit Word
@ - O —
© — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Compares the input value (E1) with the set value 1 (SV1)/set value 2 (SV2), and outputs bit data as soon as the input value
(E1) reaches the set value 1 (SV1)/set value 2 (SV2).

Also performs the upper limit check processing, change rate check processing and output conversion processing of the input

value (E1) at this time.
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Set.Data

(1) Data specified in S.BC instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&+0 BIN
Input data E1 Input value 0 to 2147483647 — ) —_— U
+1 32Bit
BW —
b15 b12 b8 b4 b0
BW1 | Output1 B|B
W W
+O 21 - BIN . s
16Bit
BW2 | Output2 (0: OFF)
Block (1:ON)
memory BB —
BB1 | Alarm b15 b12 b8 b4 ]
Upper limit B|B|B
BB2 B|B|B
1 alarm 321 . BIN . s
16Bit
ga3 |Changerate | (0: without alarm)
alarm (1: With alarm)
0 to FFFFy
b15 b12 b8 b4 b0
Al
Alarm N BIN
ALM A — 4000 S/U
@43 detection A 16Bit H
PHA, DPPA
(0: Without alarm)
(1: With alarm)
0 to FFFFy
Al b15 b12 b8 b4 b0
arm
. E 5 B BIN
+4| INH |detection R | P — . Oy S/U )
S I | 16Bit >
inhibition
Loop tag 0: Alarm enable 2]
. . inhibi [os]
memory 2 1: Alarm inhibit 3
+14 BIN
SV1 | Set value1 0 to 2147483647 — . 0 U
+15 32Bit
+16 BIN
SV2 | Set value2 0 to 2147483647 — ) 0 U
+17 32Bit
U limit
+26 pper limi BIN
PH alarm set 0 to 2147483647 — . 0 U
+27 32Bit
value
+42 Change rate CTIM Real
CTIM |alarm check 0 to 999999 Note that ——— = 32767 s 0.0 U
+43 i AT number
time
+44 Change rate BIN
DPL 0 to 2147483647 — ) 0 U
+45 alarm value 32Bit
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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N Standard | Set

Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Loop tag ©2+124
past value
— — Used by the system as a work area. — — — S
memory
27 +127
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description

+124 | Change rate monitor counter initial preset flag

+125 | Change rate monitor counter

+126
+127

Xn-m

When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The change rate monitor counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) Upper limit check processing
In the upper limit check processing, the following operation is performed and the result of the operation is output to BB2

and PHA.

Condition BB2, PHA
E1>PH 1M1
Others 0

*1 When PHI or ERRI in the alarm detection inhibition (INH) is set to 1, PHA and BB2 show 0 since the alarm is prohibited.
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(2) Change rate check processing

Performs a change rate alarm check during the change rate alarm check time (CTIM) specified in the loop tag memory.

The change rate alarm check compares the change of the input value (E1) with the change rate alarm value (DPL) in

each execution cycle (AT).

Condition BB3, DPPA
(Xn - Xn-m) > DPL 172
Others 0

*2 When DPPI or ERRI of the alarm detection inhibition (INH) is 1, DPPA and BB3 turn to 0 since the alarm is prohibited.

The change rate alarm counter (m) is calculated with the following expression.

CTIM

Change rate alarm counter (m) = AT

Set values of CTIM and AT so that the change rate alarm counter (m) > 2.
When the change rate alarm counter (m) = 0, no processing is performed.

Example) When the change rate alarm counter (m) = 4, processing is perform as shown below.

Input value (E1)

Xn-12

Xn.m | EXecution cycle

' CTIM

Change rate alarm (BB3, DPPA)

(3) Output conversion processing

In the output conversion processing, the following operation is performed and the result of the operation is stored into

BW1 and BW2.

Condition BW1 BW2
E1<0 0 0
0<E1<SV1 0 —
E1>8V1 1 —
0<E1<8SV2 — 0
E1>SV2 —

Operation.Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —
When the values of €, ©2 are either a non-numeric or non- O O _

4100 normalized number
When the execution cycle (SD1500) < 0 O O O
When the change rate alarm check time (CTIM) <0 O O O

4140 When the values of @ are either a non-numeric or non- o o O
normalized number

4141 When an operation error occurs — — O
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8.7 S.PSUM
Ladder diagram
| Start contact
S.PSUM | | | spsum | &) | [ ® | & }—{
Structured ladder/FBD Structured text language
S_PSUM
— BN ENO = ENO:=S_PSUM(EN,s1,s2,d1,d2);
— s1 dl —
— s2 d2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Array of any 16-bit data (0..2)
& : Operation constant start device : Array of any 16-bit data (0..4)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 32-bit data (0..1)
© : Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JiTNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
@ — O —
© — O —
® — O —
©2 — O —
Function

Integrates the input value (E1) of the device specified in &), and stores the result into the device specified in ©).

The integration upper limit value and integration pattern can be used to select whether the integrated value will be returned to
0 or retained at the upper limit value if the output value exceeds the integration upper limit value.

The integration start signal and integration hold signal can be used to start and suspend the integration of the input value.
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Operation performed when the integration pattern is set to "integrated value returns to 0 when the integration upper limit
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value is exceeded"
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Set.Data

(1) Data specified in S.PSUM instruction

. Data Standard | Set
Specified position | Symbol Name Recommended range 1 Unit
format value by
Use the ring counter of 16 bits or more.
* 16-bit ring counter
000000004—0000FFFF—00000000y
* 24-bit ring counter
& +0 BIN
E1 Input value 00000000 —00FFFFFFL—00000000y pulse 3Bt — U
i
+ * 32-bit ring counter
00000000y — FFFFFFFF—00000000y
Set 32767 (7FFFy) or less as a pulse
increment at each instruction execution.
Input data e —
b15 b12 b8 b4 b0
e|e
2|1
o1 Integration
+2 start signal Integration start signal BIN
0: Integration stop/reset — | 16Bit - u
1: Integration start
Integration hold signal
o Integration 0: Integration hold cancel
e hold signal 1: Integration hold
Output value
©+0 BIN
BW1 (Integer (0 to 2147483647) — ) — S
+1 32Bit
Block part)
memory Output value
+2 ) BIN
BW2 (Fraction (0 to 2147483647) — ) — S
+3 32Bit
part)
Weight per BIN
6+0 W 110 999 — ) 1 U
pulse 16Bit
Unit
. BIN
+1 U conversion 1, 10, 100, 1000 — ) 1 0]
16Bit
constant
; Integration
Operation +2 HILMT . limit 110 2147483647 BIN 21474836 U
constant +3 upperiimi ° | 328t a7
value
0:  Returns to 0 when the integration upper
. limit value (HILMT) is exceeded.
Integration . . . L. BIN
+4 | SUMPTN it 1:  Retains the integration upper limit value — | 168it 0 U
attern i
P when the integration upper limit value
(HILMT) is exceeded.
Integration
+10 value BIN
SuUM1 (0 to 2147483647) — . 0 S
+11 (Integer 32Bit
Loop tag part)
memory "2 Integration
+12 value BIN
SUM2 ) (0 to 2147483647) — ) 0 S
+13 (Fraction 32Bit
part)
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)
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. Data Standard | Set
Specified position | Symbol Name Recommended range 1 Unit
format value by
Loop tag
ast value
P @-+116 — — Used by the system as a work area. — — — S
memory +117
*2*3
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
+116 E1n-1 (Last input value)
+117

When control is to be started from the initial status, the data must be cleared with the sequence program.

Processing.contents

(1) Upper limit check processing
In the upper limit check processing, the following operation is performed and the result of the operation is output to BB2
and PHA.

el e2 Input value increment (T1)
0 0 —

0 1 —

1 0 E1-E1n1

1 1 —

(2) Integrated value operation processing
In the integrated value operation processing, the following processing is performed for the input value increment (T1).

el e2 Integration value (Integer part) (T2), Integration value (Fraction part) (T3)
T2=0
0 0 T3=0 *
0 ] T2=0 ) »
T3=0" 3
T4 = quotient of {(T1 x W) / U} <integer part> %
1 0 T5 = remainder of {(T1 x W) / U} <fraction part>
T2 = SUM1 + T4 + [quotient of {(SUM2 + T5) / U}] <integer part>
T3 = remainder of {(SUM2 + T5) / U} <fraction part>
1 1 T2 = SUM1
T3 = SUM2
*1 At an integration stop/reset (e1 = 0), processing is performed on the assumption that integration hold is canceled (e2 = 0).
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(3) Output conversion
In the output conversion, the following processing is performed for the integrated value (T2, T3).

SUMPTN Condition BW1, SUM1 BW2, SUM2
BW1 = remainder of T2 / HILMT BW2 =T3
T2 > HILMT )
0 SUM1 = remainder of T2 / HILMT SUM2=T3
BW1=T2 BW2=T3
Others
SUM1 =T2 SUM2=T3
BW1 = HILMT BW2 =0
T2 > HILMT
1 SUM1 = HILMT SUM2=0
BW1=T2 BW2 =T3
Others
SUM1 =T2 SUM2=T3

Operation.Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
4100 When an operation error occurs O O —
4141 When an operation error occurs — — O
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CHAPTER 9 CcoNTROL OPERATION INSTRUCTIONS

9.1 S.PID

Ladder diagram

Start contact

SPD [ }—{s.mo@@@}—{

Structured ladder/FBD Structured text language
S_PID
] E1N ENd? — ENO:=S_PID(EN,s1,s2,s3,d1,d2);
J I
— s2 d2 —
— s3
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..6)
&) : When set value (E2) is used: Set value start device * Real data type
When set value (E2) is not used: Dummy device™
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices Jisd
: R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
S) — O _
— O _
® — o —
@ - O —
) — O —
*1 Special register SD1506 can be specified as a dummy device.

Performs PID operation when the specified control cycle is reached. (PID operation is of velocity type/process value derivative
type (incomplete derivative type).)

Also performs SV setting processing, tracking processing, gain (Kp) operation processing and deviation check processing at
this time.
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Block diagram

The processing block diagram of the S.PID instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RL, RH DV g\év P, I, D, MTD, CT DVL, DVLS
E1
1) v 2 (3 “4) (5)
E2 Gain Kp
SV setting Tracking . . Deviation >
(When used) ) - operation PID operation BW
processing processing processing check >

T

|

|

|

|

(7) When in control :

cycle I_ I I
CT Control cycle > AnD _T - BB

judgment g I
| |
6) RUN(SPA=0) : :
| |
I;;%p STOP(SPA=1) When not in control cycle : :
judgment : :
* | |
| =0 ! 1
| | |
SPA — © ' |
BW=0 | !
Loop stop | |
MODE [, MAN_| processing | OFF _ ! !
| | :

- | |
ERRINDVLI - - — - - - oo~ e 1 :
I |
DVLA : “““““““““““““““ ? |
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Set.Data

(1) Data specified in S.PID instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Input &)+0 Real
E1 Input value -999999 to 999999 — — U
data +1 number
Output value Real
©+0 BW P (-999999 to 999999) — — S
+1 (AMV) number
BB —
Block b15 b12 b8 b4 b0
memory 5
+2 Deviation 1 BIN
BB1 — ) — S
large alarm 16bit
(0: Without alarm)
(1: With alarm)
®+0 o . Real
MTD | Derivative gain | 0 to 999999 — 8.0 U
+1 number
Deviation
+2 Real
DVLS |large alarm 0to 100 % 2.0 U
+3 ) number
hysteresis
Operation 0: Reverse operation BIN
+4 PN ) — ) 0 U
mode 1: Forward operation 16bit
Tracking 0: Not trucked BIN
+5| TRK ) — ) 0 U
o ’ bit 1: Trucked 16bit
peration 0103
constant
b15 b12 b8 b4 b0
Set value BIN
+6 | SVPTN — . 3 U
pattern 16bit ©
—
Set value pattern™ Set value used? %
0: E2 is upper loop MV. 0: E2 is used. o
1: E2 is not upper loop MV.  1: E2 is not used.
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Specify whether the set value (E2) is to be used or not.

*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©@+1| MODE clclclclclc|AM[L]LL — . 8y S/U
mode s|m|c|a|m|alula|clc|c 16bit
V|V|B|B|B|S|T|N|[C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
: HE
wal auy |Aam R LlAlAl | |BN 40004 | s
detection 16bit
SPA DVLA,MHA,MLA
0:Loop RUN (0:Without alarm)
1:Loop STOP (1:With alarm)
0 to FFFFy
b15 b12 b8 b4 b0
E T D MM
R R V |H|L
R K L1
Alarm ! F ! BIN
+4| INH |detection TRKF — , Oy S/U
inhibition (0 : Without tracking) 16bit
(1 : With tracking)
ERRI, DVLI, MHI, MLI
Loop 0 : Alarm enable
tag 1 : Alarm inhibit
* +14 Real
memory "2 SV | Setvalue RL to RH — 0.0 u
+15 number
+16 L Real
DV Deviation (-110 to 110) % 0.0 S
+17 number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 U
+23 L number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 U
+25 L number
limit
+46 Real
CT | Control cycl cT 1.0 u
+47 ontrol cycle |0 to 999999 Note that AT < 32767 5 number
+50 Deviation limit Real
DVL 0to 100 % 100.0 U
+51 value number
+52 Real
P Gain 0 to 999999 — 1.0 U
+53 number
+54 Integral Real
| 0 to 999999 s 10.0 U
+55 constant number
+56 Derivative Real
D 0 to 999999 s 0.0 U
+57 constant number
+58 . Real
GW | Gap width 0to 100 % 0.0 U
+59 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Real
©+60) 55 | Gap gain 0 to 999999 — 1.0 U
+61 number
Loop tag
o MV Inside
memory +62 . Real
MVP | operation (-999999 to 999999) % 0.0 S
+63 number
value
Loop tag +96
past value : — — Used by the system as a work area. — — — S
memory 273 +116
N Real
setvalie®| ©0| E2 |Ssetvalue 100 110 % 0.0 u
+1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
©2+96 | Control cycle counter initial preset flag
+97 | Control cycle counter’®
+102
Bn-1(Last value)
+103
+104
PVn (Process value)
+105
+106
PVn-1 (Last process value)
+107
+108
PVn-2 (Process value before last)
+109
+110 L
DVn-1 (Last deviation value)
+111
Alarm detection 2 (ALM2)
b15 b12 b8 b4 b0
M[ M
+116 Al A
2|2
MHA2,MLA2
(0: Without alarm)
(1: With alarm)
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The control cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
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Processing.contents

(1

)

©)

96

SV setting processing
Either of the following processings is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is performed with the following expression
and then "(2) Tracking processing" is performed.

_RH—RL
SVh = 100

2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value

xE2+RL

conversion being performed.
(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking
processing" is performed.
Tracking processing
(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to
calculate SVn'.

100 _
SVr'= iR X(SVa—RL)

(b) When all of the following conditions hold, tracking processing is performed.
1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.
E2=SVn'
(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm
detection inhibition (INH) in the upper loop turns to 1.
Gain (Kp) operation processing
(a) The deviation (DV) is calculated under the following condition.

Condition Operation expression
Forward operation(PN=1) DV=E1 - SVn'
Reverse operation(PN=0) DV=SVn'- E1
(b) The output gain (K) is calculated under the following condition.
Condition Operation expression
When |DV| < GW K=GG
_._(1—-GG)xGW
When |DV| > GW K=1 v
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(4) PID operation
PID operation is performed with the following operation expression.

Item Operation expression
When forward operation (PN=1) . MpxTo i 4 Py . CTXBn
Bt + — ey {(PVn-2PVn1 + PVn2) - ———=—}
Bn
When reverse operation (PN=0) MpxTp ) ) __CTxBn-1
Bn-1 + MoxCT+To x { - (PVn - 2PVn-1 + PVn-2) R }
CT
BW (AMV) Kpx {(DVn—DVn-1)+ T x DVn + Bn}
Kp: K x Gain (P), Mp: Derivative gain (MTD)
Ti: Integral constant (1), To: Derivative constant (D)
In the following case, however, note that special processing will be performed.
Condition
QnPHCPU/QnPRHCPU (First 5 digits of | QnPHCPU/QnPRHCPU (First 5 digits of QnUDPVCPU Processing
the serial No. : 07031 or earlier) the serial No. : 07032 or later)
i ; Bn=0
In either of the following cases 1, 2
N (However, the loop tag
1. Derivative constant (D) =0 (TD = 0) )
. . past value memory is
2. Operation mode (MODE) is any of MAN, LCM and CMV set)
In any of the following cases 1, 2, 3
1. Integral constant (1) =0 (T1=0) In any of the following cases 1, 2, 3
2. When either of MHA or MLAis turned | 1. Integral constant (I) =0 (T1 = 0)
to 1 2. When either of MHA2 or MLAZ2 is turned to 1
(MVP > MH) and (ST x DV, >0) (MVP > MH) and (3T x DV»>0) ST xpvi=0
3. When either of MHA or MLAis turned |3.  When either of MHA2 or MLA 2 is turned to 1
to 1 CT
(MVP < ML) and (- x DVa<0)
|
(MVP < ML) and (g x DVa< 0)
|
©
(5) Deviation check -
A deviation check is made under the following condition and the result of the check is output to DVLA of the alarm %
detection (ALM) and the deviation large alarm (BB1) of the block memory. o
Condition Result
DVL < [DV| DVLA=BB1=1""
(DVL - DVLS) < |DV| < DVL DVLA = BB1 = Last value status hold !
|DV| < (DVL-DVLS) DVLA=BB1=0

*1 When DVLI or ERRI in the alarm detection inhibition (INH) is set to 1, DVLA and BB1 show 0 since the alarm is prohibited.

(6) Loop stop processing

(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.PID instruction.
1) BWi is turned to 0.
2) DVLA of the alarm detection (ALM) is turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 of BB are turned to 0.

(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
A loop run performs "(7) Control cycle judgment".
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(7) Control cycle judgment
(a) If the specified control cycle is not reached, BW (AMV) is turned to 0 and the S.PID instruction is terminated.

(b) When the specified control cycle is reached, "(1) SV setting processing" is performed.

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of @ @ are either a non-numeric or O O o
non-normalized number
When CT < 0 or the execution cycle (SD1500) < 0 O O
4140 When the values of @ @ are either a non-numeric or

non-normalized number

4141 When an operation error occurs — —

|
I
O] O |O
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9.2 S.2PID

Ladder diagram

Start contact

s2PD [ }—{S.ZPID‘@|‘@|@‘@}_{

Structured ladder/FBD Structured text language
S_2PID
] E1N ENdf — ENO:=S_2PID(EN,s1,s2,s3,d1,d2);
— s I
— s2 d2 —
— s3
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..6)
® : When set value (E2) is used: Set value start device : Real data type
When set value (E2) is not used: Dummy device
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices
- R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
B — O —
69 — O —
© — O —
©
— O — ©
© | — O - 4
N
*1 Special register SD1506 can be specified as a dummy device. g

Performs 2-degree-of-freedom PID operation when the specified control cycle is reached.
Also performs SV setting processing, tracking processing, gain (Kp) operation processing and deviation check processing at
this time.
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Block diagram

The processing block diagram of the S.2PID instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RL, RH DV g\g P, 1, D, MTD, CT DVL, DVLS
K
E1
) 2 (3) “4) ®)
E2 ; B of.
SV setting Tracking Gain Kp 2-degree-of Deviation >
(When used) rocessin rocessin operation freedom check
P 9 P 9 processing PID operation >
T
I
|
I
|
(7) When in control !
cycle . . _
CT Control cycle i AND _T >
judgment T > |
I
6) | RUN(SPA=0) | |
I I
I I
Is_tc:)c’))p STOP(SPA=1) When not in control cycle | !
judgment : :
7Y I I
I BW=0 [ !
: I :
: (6) I |
_——d
SPA BW=0 ! !
Loop stop | |
MAN | processin OFF |
MODE e P 9 == , ! !
i | |
e | | |
ERRINDVLI - — — - e e I I
! I
I
______________________________________ 1 |
DVLA :________________________________________________________|
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Set.Data

(1) Data specified in S.2PID instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Output value Real
©+0 BW P (-999999 to 999999) % — S
+1 (AMV) number
BB —
Block b15 b12 b8 b4 b0
memory g
+2 Deviation large 1 BIN
BB1 — ) — S
alarm 16Bit
(0: Without alarm)
(1: With alarm)
Real
40| 7D | Derivative gain | 0 to 999999 — 8.0 u
+1 number
Deviation large
+2 Real
DVLS |alarm 0to 100 % 2.0 U
+3 ) number
hysteresis
Operation 0: Reverse operation BIN
+4 PN ) — ) 0 U
mode 1: Forward operation 16bit
) ) 0: Not tracked BIN
+5| TRK | Tracking bit — ) 0 ]
1: Tracked 16bit
Operation Oto 3
constant
b15 b12 b8 b4 b0
Set value BIN
+6 | SVPTN — ) 3 U
pattern 16bit
—
Set value pattern™ Set value used?
0: E2 is upper loop MV. 0: E2 is used.

1: E2 is not upper loop MV.

1: E2 is not used.

*1

*2
*3

The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
Specify whether the set value (E2) is to be used or not.
Specify whether the MV of the upper loop is to be used or not as the set value (E2).
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. Standard | Set
Specified position | Symbol Name Recommended range ! el by
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
®+1| MODE clclclclclc[amlL]ClL] | — . 8h S/U
mode s|m|c|alm|alu|alc|c|c 16bit
V|V|B|B|B|S|T|N|C|A|M
0 to FFFFy
Alarm b15 b12 b8 b4 b0
+3| ALM ) S D D|M[M
detection p M VIHIL BIN
A L L|AA
— 4000 S/U
A A 16bit H
SPA DVLA,DMLA,MHA,MLA
0:Loop RUN (0:Without alarm)
1:Loop STOP (1:With alarm)
0 to FFFFy
b15 b12 b8 b4 b0
E T D D|M[M
R R M VIH|L
R K L L{l]]
Alarm ' F ' '
) BIN
+4 INH detection TRKF — | 16bit Oy S/U
o i
inhibition (0 : Without tracking)
(1 : With tracking)
ERRI, DMLI, DVLI, MHI, MLI
Loop tag 0 : Alarm enable
memory *2 1 : Alarm inhibit
+14 Real
SV Set value RL to RH — 0.0 U
+15 number
+16 Real
DV Deviation (-110 to 110) % 0.0 S
+17 number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 U
+23 L number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 U
+25 . number
limit
+46 Real
CT | Control cycl cT 1.0 u
+47 ontrol cycle 0to 999999 Note that AT < 32767 S number
+50 Deviation limit Real
DVL 0to 100 % 100.0 U
+51 value number
+52 Real
P Gain 0 to 999999 — 1.0 U
+53 number
+54 Integral Real
0 to 999999 s 10.0 U
+55 constant number
+56 Derivative Real
D 0 to 999999 s 0.0 U
+57 constant number
+58 Real
GW | Gap width 0to 100 % 0.0 U
+59 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Real
@460 55 | Gap gain 0 to 999999 — 1.0 u
+61 number
+62 MV inside Real
MVP ) (-999999 to 999999) % 0.0 S
+63 operation value number
Loop tag 2 degree-of-
memory2 | of| o |freedom Oto1 _ | Rea 0.0 u
+65 . number
parameter o 5
2 degree-of-
+66 Real
B freedom Oto1 — 1.0 U
+67 -6 number
parameter
Loop tag +96
past value :
“ — — Used by the system as a work area. — — — S
memory +116
*3
N Real
Set value ™ ©+0 E2 Set value -10to 110 % 0.0 u
+1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
©+96 | Control cycle counter initial preset flag
+97 | Control cycle counter 7
+102
Bn-1 (Last value)
+103
+104
PVn (Process value)
+105
+106
PVn-1 (Last process value)
+107
+108
PVn-2 (Process value before last)
+109
+110 L
DVn-1 (Last deviation value)
+111
+112 .
DVn-2 (Deviation value before last)
+113
+114
Dn-1 (Last value)
+115
Alarm detection 2 (ALM2)
b15 b12 b8 b4 b0
M[ M
+116 Al A
2|2
MHA2,MLA2
(0: Without alarm)
(1: With alarm)
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 Increasing & decreases the manipulated value variation relative to the set value change.
(It will take time to stabilize.)
Decreasing & increases the manipulated value variation relative to the set value change.
However, since a compensation operation will be stronger, hunting may become greater.
*6 Increasing B decreases the effect of derivative on the set value change.

Decreasing S8 increases the effect of derivative on the set value change.
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*7 The control cycle counter rounds off the data to the nearest whole number.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) SV setting processing
Either of the following processings is performed depending on the operation mode (MODE) setting.
(a) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is performed with the following expression
and then "(2) Tracking processing" is performed.

sva=RE=RL s EotRL
100

2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value
conversion being performed.

(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking
processing" is performed.
(2) Tracking processing
(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to
calculate SVn'.

._ 100 _

(b) When all of the following conditions hold, tracking processing is performed.
1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.

E2=Svn'

(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm

detection inhibition (INH) in the upper loop turns to 1.
(3) Gain (Kp) operation processing
(a) The deviation (DV) is calculated under the following condition.

Condition Operation expression
Forward operation (PN=1) DV=E1 - Svn'
Reverse operation (PN=0) DV=8Vn'- E1
(b) The output gain (K) is calculated under the following condition.
Condition Operation expression
When |DV| < GW K=GG
When [DV| > GW K=1q_ (1=GG)*xCW
IDV]
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(4) 2-degree-of-freedom PID operation
2-degree-of-freedom PID operation is performed with the following operation expression.

Item Operation expression
MbxTb CTxBn-1
B " - - - . o) — =
n Bn-1 + VoxCT+To ~ {(DVn - 2DVn-1 + DVn-2) T }
c When forward operation (PN=1) | PVn - PVn-1
n
When reverse operation (PN=0) |- (PVn-PVn-1)
. MpxTp CTxDn-1
When forward operation (PN=1 A - - 2) - ————
p ( ) | Dn-1+ VoxCT+To ~ {(PVn - 2PVn-1 + PVn-2) T }
Dn
. MpxTD CTxDn-1
When reverse operation (PN=0 et — - - . 2) - ————
p ( ) | Dn-1+ MoxCT+To x { - (PVn - 2PVn-1 + PVn-2) To }
BW (AMV) s
Kp: K x Gain (P), Mp: Derivative gain (MTD)
Ti: Integral constant (1), To: Derivative constant (D)
In the following case, however, note that special processing will be performed.
Condition
QnPHCPU/QnPRHCPU (First 5 digits of | QnPHCPU/QnPRHCPU (First 5 digits of QnUDPVCPU Processing
the serial No. : 07031 or earlier) the serial No. : 07032 or later)
. . Bn=0,Dn=0
In either of the following cases 1, 2
L (However, the loop tag
1. Derivative constant (D) =0 (Tp = 0) )
. . past value memory is
2. Operation mode (MODE) is any of MAN, LCM and CMV set)
In any of the following cases 1, 2, 3
1. Integral constant (1) =0 (T1=0) In any of the following cases 1, 2, 3
2. When either of MHA or MLAis turned | 1. Integral constant (I) =0 (T1 = 0)
to 1 2. When either of MHA2 or MLAZ2 is turned to 1
CT
(MVP > MH) and (%Txovn>0) (MVP > MH) and (%TXDVn>O) - XDVa=0
3. When either of MHA or MLAis turned |3.  When either of MHA2 or MLA 2 is turned to 1 8
to 1 CT
(MVP < ML) and (TxDvn<O) (]
(MVP < ML) and (%TXDVn<O) 3
o

(5) Deviation check
A deviation check is made under the following condition and the result of the check is output to DVLA of the alarm

detection (ALM) and the deviation large alarm (BB1) of the block memory.

Condition Result
DVL < [DV| DVLA=BB1=1"
(DVL - DVLS) < |DV| < DVL DVLA = BB1 = Last value status hold !
|DV| < (DVL-DVLS) DVLA=BB1=0

*1 When DVLI or ERRI in the alarm detection inhibition (INH) is set to 1, DVLA and BB1 show 0 since the alarm is prohibited.
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(6) Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.

A loop stop performs the following processing and terminates the S.2PID instruction.

1) BW is turned to 0.
2) DVLA of the alarm detection (ALM) is turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 of BB are turned to 0.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(7) Control cycle judgment".

(7) Control cycle judgment

(a) If the specified control cycle is not reached, BW (AMV) is turned to 0 and the S.2PID instruction is terminated.

(b) When the specified control cycle is reached, "(1) SV setting processing" is performed.

Operation. Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —

4100 When the values of @ @ are either a non-numeric or O O .
non-normalized number
When CT < 0 or the execution cycle (SD1500) < 0 O O O

4140 When the values of @ @ are either a non-numeric or _ o O
non-normalized number

4141 When an operation error occurs — — O
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9.3 S.PIDP

Ladder diagram

Start contact

SPDP [ }—is.PlDP’@"@\@\@}—{

Structured ladder/FBD Structured text language
S_PIDP
] E1N E“L‘j — ENO:=S_PIDP(EN,s1,s2,53,d1,d2);
— s -
— s2 d2 —
—{ s3
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..10)
® : When set value (E2) is used: Set value start device : Real data type
When set value (E2) is not used: Dummy device
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices JIE
- R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
S) — O _
5 — O —
® — O —
©
— O — o
© | — O - 4
9
*1 Special register SD1506 can be specified as a dummy device. o
T

Performs position type PID operation when the specified control cycle is reached.

Also performs SV setting processing, tracking processing, gain (Kp) operation processing, deviation check processing and
operation mode (MODE) judgment at this time.

Performs change rate, upper/lower limiter and output processings or alarm clear processing and output conversion according
to the result of the judgment.
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Block diagram

The processing block diagram of the S.PIDP instruction is shown below.

(The numerals (1) to (10) in the diagram indicate the order of the processing.)

RH, RL DV |GW,GG| |P,I,D, MTD,CT| | DVL, DVLS o ME L mv | Nwin, Nwax
E1
(IR J (2 v Blw “4) v 5 v 7 v 8)
_ ea -~ . Change -~
E2 SV setting ”|Tracking > Saé?alggn "I PID Deviation rate, 2 ~|Output > Bw
processing processing P . operation check upper/lower conversion —>
(When processing P
used) limiter
T
1 5 | i
I
I I
: Other than MAN, CMB | | |
(10) When in control Mode ‘ ’ |
cycle judgment [CMV, LCM . |
CcT > Control ot in control —» R B -
RUN(SPA=0)| cyle | (08 MAN, CMB anp [T K 11,882
Judgmen CMV,LCM |- Lo | !
| I I
(©) 6 v | . l I
! . | |
Loop RUN(SPA=0) Alarm clear | : : | : :
stop processing I All OFF o |
N — i i< B S —_————— L_
judgment | | STOP(SPA=1) | ! : l¢- Upper limit alarm | k
! i |
| | T Crange e gam ||
©) < LastBW ! “i | |
I t f
Loop stop | P ! Pl
SPA MAN |processing| All OFF i IR | i |
A A S I i
MODE [¢ ==~ ~~~~ ' ! : o | L
| | ] .
o I
ERRINDVLI |- === ——=—=—=—===—————=—~ P ! Bl ! Lo
I B ! Lo
|
DVLA - ot ] [
D s 3 T AR
__ | b | : :
ERRINMAI p——m————— e e +-l-4|-» ! Lot-1-
| |} boa{ AND |dg-——d-dodopimB3
_ ! ! ——— -
ERRINMLI [F—==——===-========—===~ P ool P T
| Lo I
! . -
| | | > | |
T - I |
ERRIN DML | | oo AND 1-{-1——1——1———*}554
€ | : | [ 4 —: -—-
MHA e CTTTTTTTTTIITIIIITT e i ! Pl
! S » rl e
| I I
MLA it 1 L »| AND |q-bq—t—--—-->iggs
e to———————— - | [T
I ! | [ I e
DMLA e P P
i . b
I R =4
I
{ e f ——4 |
!
e bbbl i Tt
o
YVVYY
or [T - BB1
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Set.Data

(1) Data specified in S.PIDP instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Real
Input data ©+0 E1 Input value -999999 to 999999 % — U
+1 number
Real
©+0 BW Output value | (-999999 to 999999) — — S
+1 number
BB —
BB1 | Alarm
Deviation
BB2
Block large alarm b15 b12 b8 b4 b0
memory Output upper BiB|B1B|B
BB3 B|B|B|B|B
*2 limit alarm S514)3]2 1 _ |BN — s
Output lower 16bit
BB4 | . (0: Without alarm)
limit alarm (1: With alarm)
BB5 Outputchange
rate alarm
€®+0 o . Real
MTD | Derivative gain | 0 to 999999 — 8.0 U
+1 number
Deviati
+ eviation Real
DVLS |large alarm 0to 100 % 2.0 U
+3 ) number
hysteresis
+ PN Operation 0: Reverse operat‘ion - BIN‘ 0 U
mode 1: Forward operation 16bit
+5| TRK T.racklng 0: Not trucked . BIN. 0 U
bit 1: Trucked 16bit
Oto3
b15 b12 b8 b4 b0 ©
w
Operation
constant %
Set value BIN =
+6 | SVPTN — ) 3 U 9
pattern 16bit o
—
Set value pattern™ Set value used™?
0: E2 is upper loop MV. 0: E2 is used.
1: E2 is not upper loop MV.  1: E2 is not used.
Output
+7 . Real
NMAX | conversion -999999 to 999999 — 100.0 U
+8 L number
upper limit
Output
+9 . Real
NMIN | conversion -999999 to 999999 — 0.0 U
+10 L number
lower limit
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Specify whether the set value (E2) is to be used or not.

*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
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. " o . Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
®+1| MODE clclclclclclam[L]L]L — ) 8y S/U
mode s|m|c|a|m|alulalclc|c 16bit
v|v|B|B|B|S|T|N|C|A|M
0 to FFFFy
Alarm b15 b12 b8 b4 b0
+3| ALM . S D D[M[M
detection =) M VIH|L BIN
A L L|A|A
— 4000 S/U
A A 16bit H
SPA DVLA,DMLA,MHA ,MLA
0:Loop RUN (0:Without alarm)
1:Loop STOP (1:With alarm)
00 to FFFF
b15 b12 b8 b4 b0
E T D DIM|M
R R M VIH|L
R K L L{lI]]
Alarm ' F ' '
) BIN
+4| INH | detection TRKF — | 160it Oy S/U
inhibition (0 : Without tracking)
(1 : With tracking)
ERRI, DMLI, DVLI, MHI, MLI
Loop
tag 0 : Alarm enable
* 1 : Alarm inhibit
memory +12 Manipulated Real
MV -10 to 110 % 0.0 S/U
+13 value number
+14 Real
S)Y Set value RL to RH — 0.0 U
+15 number
+16 L Real
DV Deviation (-110 to 110) % 0.0 S
+17 number
+18 Output upper Real
MH | oo PUEPPEE 46 46 110 % 1000 | U
+19 limit value number
+20 Output lower Real
ML | P 1010 110 % 0.0 u
+21 limit value number
+99 Engineering Real
RH value upper -999999 to 999999 — 100.0 U
+23 o number
limit
24 Engineering Real
RL value lower -999999 to 999999 — 0.0 U
+25 . number
limit
*46| o1 | Control cycle |0 10999999 Note th cT s |Red 1.0 u
+47 y to ote that AT = 32767 number ‘
Output
+48 Real
DML |change rate 0to 100 % 100.0 U
+49 L number
limit value
+50 Deviation limit Real
DVL 0to 100 % 100.0 U
+51 value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Real
@+82) 5 | Gain 0 to 999999 — 1.0 u
+53 number
+54 Integral Real
0 to 999999 s 10.0 u
+55 constant number
Loop tag +56 Derivative Real
o D 0 to 999999 s 0.0 u
memory +57 constant number
+58 . Real
GW | Gap width 0to 100 % 0.0 U
+59 number
+60 . Real
GG Gap gain 0 to 999999 — 1.0 U
+61 number
Loop tag +96
past value :
. — — Used by the system as a work area. — — — S
memory 2
+116
*3
N 63+0 Real
Set value ™ E2 Set value -10 to 110 % 0.0 u
+1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description

©+96 | Control cycle counter initial preset flag

+97 | Control cycle counter

+100
In-1 (Last value)
+101
+102
Bn-1 (Last value)
+103
+104
PVn (Process value)
+105
+106
PVn-1 (Last process value)
+107
Alarm detection 2 (ALM2)
b15 b12 b8 b4 b0
M[ M
+116 Al A
2]2
MHA2,MLA2
(0: Without alarm)
(1: With alarm)

When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The control cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
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Processing.contents

(1

)

@)

SV setting processing
Either of the following processings is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is performed with the following expression
and then "(2) Tracking processing" is performed.

_RH—RL
SVh = 100

xE2+RL

2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value
conversion being performed.
(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking
processing" is performed.
Tracking processing
(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to
calculate SVn'.

100
RH—RL

SWn'= X(SVn_ RL)

(b) When all of the following conditions hold, tracking processing is performed.
1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.
E2=Svn'
(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm
detection inhibition (INH) in the upper loop turns to 1.
Gain (Kp) operation processing
(a) The deviation (DV) is calculated under the following condition.

Condition Operation expression
Forward operation (PN=1) DV=E1 - SVn'
Reverse operation (PN=0) DV=SVn'- E1
(b) The output gain (K) is calculated under the following condition.
Condition Operation expression
When |DV| < GW K=GG
_._(1—-GG)xGW
When |DV| > GW K=1 v
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(4) PID operation

PID operation is performed with the following operation expression.

Item Operation expression
When forward operation Mb x To CT X Bn1
(PN =1) Bot + MoxCT+To < {(PVn=PVn1) To }
Bn
When reverse operation Mb x To CT X Bn-1
(PN =0) B F Mox CT+7p ¢ {7 PV PVe) =™
In 1+ ST xDVa
Ti
T Kpx(DVn + In + Bn)
Kp: K x Gain (P), Mo: Derivative gain (MTD)
Ti: Integral constant (1), To: Derivative constant (D)
In the following case, however, note that special processing will be performed.
Condition
nPHCPU (First 5 digits of the serial No. | QnPHCPU (First 5 digits of the serial No. Processin
Q ( . . Q ( g QnUDPVCPU g
: 07031 or earlier) : 07032 or later)
. . Bn=0
In either of the following cases 1, 2
L (However, the loop tag
1.  Derivative constant (D) = 0 (Tp = 0) )
) ) past value memory is
2. Operation mode (MODE) is any of MAN, LCM and CMV set)
In any of the following cases 1, 2, 3, 4
In any of the following cases 1, 2, 3 1. Integral constant (I) =0 (Ti = 0)
1. Integral constant (I) = 0 (T1 = 0) 2. When MHAZ2 is turned to 1
2. When MHAis turned to 1 CT
T, XDVn>0 3. When MLA2 is turned to 1 T, XPVe=0
3.  When MLAs turned to 1 CT
—— xDVn<0
cT T
7, XDWn<0 4. When operating mode (MODE) is any of MAN, LCM, and
CMV.
All the following conditions 1, 2, 3 are satisfied
1. When b0 of SD1508 is turned to 1
2. When tracking flag (TRKF) in alarm detection inhibition (INH) | |1 = % - (DVn +Bn)
is turned to 1. P
TRKF=0

3. When operating mode (MODE) is other than MAN, LCM, and

CMV.

(5) Deviation check

A deviation check is made under the following condition and the result of the check is output to DVLA of the alarm
detection (ALM) and the deviation large alarm (BB2) of the block memory.

Condition

Result

DVL < |DV]

DVLA=BB2=1 "'

(DVL - DVLS) < |DV| < DVL

DVLA=BB2=Last value status hold !

IDV| < (DVL - DVLS)

DVLA=BB2=0

*1 When DVLI or ERRI in the alarm detection inhibition (INH) is set to 1, DVLA and BB2 show 0 since the alarm is prohibited.

113

daid's €6




S.PIDP

(6)

()

8)

©)

Mode judgment
Either of the following processings is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM (alarm clear processing)
1) MHA, MLA and DMLA of the alarm detection (ALM) are turned to 0.
2) MAH2 and MLAZ2 of the alarm detection 2 (ALM2) are turned to 0.
3) BB3 to BB5 of BB are turned to 0.
4) Data of BB2 is transferred to BB1 of BB. (BB1 = BB2)
5) "(8) Output conversion processing" is performed and the S.PIDP instruction is terminated.

(b) When the operation mode (MODE) is any of AUT, CAB, CAS, CCB, CSV, LCA and LCC, "(7) Change rate, upper/
lower limiter" is executed.

Change rate, upper/lower limiter

The change rate and upper/lower limits are checked for the input value (E1), and the data after the limiter processing and

an alarm are output.

(a) The change rate limiter performs the following operation and outputs the result of the operation to BB5 and DMLA.

Condition BB5, DMLA T

[T - MV| < DML 0 T
(T-MV) > DML 1 MV + DML
(T-MV) <-DML 1 MV - DML

*1 When DMLI or ERRI in the alarm detection inhibition (INH) is set to 1, DMLA and BB5 show 0 since the alarm is prohibited.

(b) The upper/lower limiter performs the following operation and outputs the result of the operation to BB3, BB4, MHA,
MLA, MHA2 and MLA2.

Condition BB4, MLA, MLA2 | BB3, MHA, MHA2 MV
T1>MH 0 172 MH
T1 <ML 173 0 ML

ML <T1<MH 0 0 T1

*2 When MHI or ERRI in the alarm detection inhibition (INH) is set to 1, MHA and BB3 show 0 since the alarm is prohibited.
However, even if MHI and/or ERRI in the alarm detection inhibition (INH) is set to 1, MHA2 holds 1.

*3 When MLI or ERRI in the alarm detection inhibition (INH) is set to 1, MLA and BB4 show 0 since the alarm is prohibited.
However, even if MLI and/or ERRI in the alarm detection inhibition (INH) is set to 1, MLA2 holds 1.

Output conversion
In the output conversion, the output value is calculated from the following formula.

NMAX—NMIN

BW= 100

x MV + NMIN

Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
Aloop stop performs the following processing and terminates the S.PIDP instruction.
1) BW retains the last value.
2) DVLA, MHA, MLA and DMLA of the alarm detection (ALM) are turned to O.
3) MHA2 and MLA2 of the alarm detection 2 (ALM2) are turned to 0.
4) The operation mode (MODE) is changed to MAN.
5) BB1 to BB5 of BB are turned to 0.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
A loop run performs "(10) Control cycle judgement".

(10) Control cycle judgment

(a) When the specified control cycle is not reached, " (6) mode judgement" as T = MV is performed.
(b) When the specified control cycle is reached, "(1) SV setting processing" is performed.
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Operation. Error

In the following cases, the error flag (SM0) turns ON and the error code is stored into SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —

4100 When the values of @ @ are either a non-numeric or O O _
non-normalized number
When CT < 0 or the execution cycle (SD1500) <0 O O O

4140 When the values of @ @ are either a non-numeric or o o O
non-normalized number

4141 When an operation error occurs — — O

daid's €6
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9.4 S.SPI

Ladder diagram

Start contact

sSSPl [ }—{s.SPll@\!@\\@}—{

Structured ladder/FBD Structured text language
S_SPI
] E1N E“;? — ENO:=S_SPI(EN,s1,s2,s3,d1,d2);
— s I
— s2 d2 —
— s3
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..4)
) : When set value (E2) is used: Set value start device ' Real data type
When set value (E2) is not used: Dummy device
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
© : Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices
- R, ZR Ui\Gi: Zn Constant | Other
data Bit Word
@ - O —
0 — O —
® — O —
@ - O -
) — O —
*1 Special register SD1506 can be specified as a dummy device.

Performs normal Pl operation during operating time (ST).

Judges between operating time (ST) or hold time (HT), and if it is the operating time, performs SV setting processing, tracking
processing, gain (Kp) operation processing, SPI operation and deviation check.

MV

STHT STHT STHT
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Block diagram

The processing block diagram of the S.SPI instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RL, RH DV g‘(’;\’ P, I DVL, DVLS
E1
(1) (2) (3) (4) (5)
E2 SV settin Trackin, Gain Kp Deviation >
(When used) ng 9 operation SPI operation BW
processing processing ; check _
processing >
T
|
|
|
|
|
(1) Operating time :
ST Operating 7 AND T~ BB
STHT : f ~ !
time monitor | |
|
6) |RUN(SPA=0) | i
| |
| |
Loop STOP(SPA=1) Hold time | I
stop | |
judgment : :
X | |
' BW=0 ! }
I I !
| (6) : |
_—a
SPA BW=0 ! !
Loop stop | X
MODE P, '\ﬂA_N_ processing O_FE_ | |
| |
: . :
| |
ERRINDVLI e e e e e e e e e A 1 :
| i
DVLA 4Tt T N |
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Set.Data

(1) Data specified in S.SPI instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Output value Real
©+0 BW P (-999999 to 999999) % — S
+1 (AMV) number
BB —
Block b15 b12 b8 b4 b0
memory S
+2 Deviation 1 BIN
BB1 — . — S
large alarm 16bit
(0: Without alarm)
(1: With alarm)
0 Deviation Real
+ ea
© DVLS |large alarm 0to 100 % 2.0 u
+1 . number
hysteresis
Operation 0: Reverse operation BIN
+2 PN . — . 0 U
mode 1: Forward operation 16bit
Tracking 0: Not trucked BIN
+3| TRK ) — . 0 u
bit 1: Trucked 16bit
Oto3
Operation
constant b15 b12 b8 b4 b0
Set val BIN
+4| SVPTN | 2° VaUe . 3 u
pattern 16bit
—
Set value pattern™ Set value used™?
0: E2 is upper loop MV. 0: E2 is used.
1: E2 is not upper loop MV.  1: E2 is not used.
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.
*2 Specify whether the set value (E2)

is to be used or not.

*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
0 to FFFFy
@+1| MODE Operation b15 b12 b8 b4 b0 BIN 8 SIU
+ clclclclclc|alm|L|L]|L — . H
mode s|mlc|a|m|alulalc|cl|c 16Bit
V|V|B|B|B|S|T|N|C|A|M
0 to FFFFy
Alarm b15 b12 b8 b4 b0
+3| ALM ) s D[M[M
detection P VIH|L BIN
A LIAAL ] — _ 4000y | S/U
16Bit
SPA DVLA,MHA ,MLA
0:Loop RUN (0:Without alarm)
1:Loop STOP (1:With alarm)
00 to FFFFy
b15 b12 b8 b4 b0
E T D [M|M
R R V[H|L
R K Ln|r
Alarm ! £ I
. BIN
+4 INH detection TRKF — | 168it Oy S/U
o i
inhibition (0 : Without tracking)
(1 : With tracking)
ERRI, DVLI, MHI, MLI
Loop tag 0 : Alarm enable
memory "2 1. Alarm inhibit
+14 Real
SV Set value RL to RH — 0.0 U
+15 number
+16 _ Real
DV Deviation (-110 to 110) % 0.0 S
+17 number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 U
+23 . number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 u
+25 L number
limit
"8\ ST | Operating time | 0 t0 999999 Note that ST < 32767 s |Re 0.0 U
ing ti =< .
+47 P g to ot tha AT = number
+50 Deviation limit Real
DVL 0to 100 % 100.0 U
+51 value number
+52 ) Real
P Gain 0 to 999999 — 1.0 U
+53 number
+54 Integral Real
0 to 999999 s 10.0 u
+55 constant number
+56 Real
STHT |Sample cycle |0to 999999 Note that S1HT < 32767 s 0.0 U
+57 AT number
+58 Real
GW | Gap width 0to 100 % 0.0 U
+59 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)

119

IdS'S V6




S.SPI

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Real
©2+60) 55 |Gap gain 0 to 999999 — 1.0 U
+61 number
Loop tag
o MV inside
memory +62 . Real
MVP | operation (-999999 to 999999) % 0.0 S
+63 number
value
Loop tag +96
past value :
. — — Used by the system as a work area. — — — —
memory 2
+116
*3
N &+0 Real
Set value 4 E2 Set value -10 to 110 % 0.0 U
+1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description

©+96 | Control cycle counter initial preset flag

+97 | Sample counter®

+98 | Operation counter™®
+99 | Hold counter
+100
+101

DVn-1 (Last deviation value)

Alarm detection 2 (ALM2)

b15 b12 b8 b4 b0
M| M
L|H
+116 AlA
2|2
MHA2,MLA2
(0: Without alarm)
(1: With alarm)

When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The sample counter and operation counter round off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) SV setting processing
Either of the following processings is performed depending on the operation mode (MODE) setting.
(a) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is performed with the following expression
and then "(2) Tracking processing" is performed.
RH—RL
100
2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value
conversion being performed.
(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking
processing" is performed.

SVh= xE2+RL
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(2) Tracking processing

(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to

calculate Svn'.

100
RH—RL

SVa'= X (SVn —RL)

(b) When all of the following conditions hold, tracking processing is performed.

1) The tracking bit (TRK) of the operation constant is 1.

2) The set value (E2) is used.

3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.

E2=Svn'

(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm

detection inhibition (INH) in the upper loop turns to 1.

(3) Gain (Kp) operation processing

(@) The deviation (DV) is calculated under the following condition.

Condition Operation expression
Forward operation(PN = 1) DV =E1-Svn'
Reverse operation(PN = 0) DV =SvVn'- E1

(b) The output gain (K) is calculated under the following condition.

Condition Operation expression
When |DV| < GW K=GG
When |DV| > GW K=1— (1=CG)xCwW

1DV

(4) SPI operation

SPI operation is performed with the following operation expression.

Condition

Operation expression

During operating time (ST)

BW = Kpx{(DVa—DVa1)+ % x DV}

During hold time (STHT - ST)

BW = 0 (loop tag past value memory is not set.)

Kp: K x Gain (P), Ti: Integral constant (I), BT: Execution cycle (AT)

In the following case, however, note that special processing will be performed.

Condition
QnPHCPU/QnPRHCPU (First 5 digits of the | QnPHCPU/QnPRHCPU (First 5 digits of the QnUDPVCPU Processing
serial No. : 07031 or earlier) serial No. : 07032 or later)
In any of the following cases 1, 2, 3 In any of the following cases 1, 2, 3
1. Integral constant (I) = 0 (T1 = 0) 1. Integral constant (I) =0 (Ti = 0)
2. When either of MHA or MLA is turned to 1 | 2. When either of MHA2 or MLA2 is turned to 1
(MVP > MH) and (%xovn>0) (MVP > MH) and (B%xovn>0) B?TxDVn=0

3. When either of MHA or MLA is turned to 1

(MVP < ML) and (B% X DVa<0)

3. When either of MHA2 or MLA 2 is turned to 1

(MVP < ML) and (B?T x DVn<0)

121

IdS'S V6




S.SPI

(5) Deviation check
A deviation check is made under the following condition and the result of the check is output to DVLA of the alarm
detection (ALM) and the deviation large alarm (BB1) of the block memory.

Condition Result
DVL < DV| DVLA=BB1=1""
(DVL - DVLS) < |DV| < DVL DVLA = BB1 = Last value status hold ™
[DV] < (DVL - DVLS) DVLA=BB1=0

*1 When DVLI or ERRI of the alarm detection inhibition (INH) is 1, DVLA and BB1 turn to 0 since the alarm is inhibited.
(6) Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.SPI instruction.
1) BW is turned to 0.
2) DVLA of the alarm detection (ALM) is turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 of BB are turned to 0.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(7) Operating time/hold time check judgment ".
(7) Operating time/hold time check judgment
Whether it is the operating time (ST) or hold time (HT = STHT - ST) is judged and the following processing is performed.
(a) Operating time (ST)
SV setting processing, tracking processing, gain (Kp) operation processing, Pl operation (operating time) and
deviation check are performed.
(b) Hold time (HT = STHT - ST)
Tracking processing, SPI operation (hold time) and deviation check are performed.
Under the following condition, however, the hold time is set to 0 and continuous PI control is carried out.
STHT _ ST
AT — AT

ST

When the integer part of A':I'_T is 0, no processing is performed. (AMV also remains unchanged.)

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —
When the values of @ @ are either a non-numeric or O O .
non-normalized number

4100
When the execution cycle (AT) <0 O O O
When the operating time (ST) <0 O O O
When the sample counter <0 O O O

4140 When the values of @ @ are either a non-numeric or _ o O
non-normalized number

4141 When an operation error occurs — — O
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9.5 S.IPD

Ladder diagram

Start contact

sipD [ | I—{s.IPD\@!\@!@’@}—{

Structured ladder/FBD Structured text language
S_IPD
] E1N E“L‘j — ENO:=S_IPD(EN,s1,s2,s3,d1,d2);
— s -
— s2 d2 —
—{ s3
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..6)
® : When set value (E2) is used: Set value start device : Real data type
When set value (E2) is not used: Dummy device
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices
- R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
S) — O _
69 — O —
© — O —
©
— O — o
© | — O - 4
*1 Special register SD1506 can be specified as a dummy device. S

Performs I-PD control when the specified control cycle is reached.

Also performs SV setting processing, tracking processing, gain (Kp) operation processing and deviation check at this time.
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Block diagram

The processing block diagram of the S.IPD instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RL, RH DV g\(,;\l P, 1, D, CT, MTD DVL, DVLS
E1
1) (2) (3) 4) (5)
E2 4 Gain K
. ) p o >
SV setting Tracking ) . Deviation »>
(When used) processing processing operation IPD operation check R
processing >
T
|
I
I
|
(7) When in control !
cycle L . _
cT Control cycle  ano [T >
judgment T > |
> I
(6) RUN(SPA=0) : I
I I
I I
tg;p STOP(SPA=1) When not in control cycle ! !
judgment : :
A ! !
I BW=0 ! !
l | |
; (6) I I
SPA BW=0 | !
Loop stop ; |
MODE e Nl A_N_ processing _(3':_':_ I I
I I I
I I :
I
ERRINDVLI |- — - - — e __ A ___ ) |
I
| |
DVLA I - |
€ — — = — o ____
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Set.Data
(1)

Data specified in S.IPD instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Output value Real
©+0 BW P (-999999 to 999999) % — S
+1 (A MV) number
BB —
Block b15 b12 b8 b4 b0
memory S
+2 Deviation 1 BIN
BB1 — ) — S
large alarm 16bit
(0: Without alarm)
(1: With alarm)
€®+0 o . Real
MTD | Derivative gain | 0 to 999999 — 8.0 U
+1 number
Deviation
+2 Real
DVLS |large alarm 0to 100 % 2.0 U
+3 ) number
hysteresis
Operation 0: Reverse operation BIN
+4 PN . — . 0 ]
mode 1: Forward operation 16bit
Tracking 0: Not trucked BIN
+5| TRK . — ) 0 U
o ) bit 1: Trucked 16bit
peration 003
constant
b15 b12 b8 b4 b0
Set val BIN
+6| SVPTN | 0. VaUe _ |BN s y
pattern 16bit
——
Set value pattern™ Set value used™?
0: E2 is upper loop MV. 0: E2 is used.
1: E2 is not upper loop MV.  1: E2 is not used.
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Specify whether the set value (E2) is to be used or not.

*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
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. Data Standard | Set
Specified position | Symbol Name Recommended range 1 Unit
format value by
0 to FFFF
Operation b15 b12 b8 b4 b0 BIN
®@+1| MODE P clclclclclclalm]L]L]L — ) 8H S/U
mode s|mlc|a|m|alulalc|c|c 16bit
V|Vv|B|B|B|S|T|N|C|A|M
0 to FFFFy
3| ALM Alarm b15 b12 b8 b4 b0
+
detection ,§ \E} '\,_"' T BIN
A RIAA - , 40004 | S/U
16bit
SPA DVLA,MHA MLA
0:Loop RUN (0:Without alarm)
1:Loop STOP (1:With alarm)
00 to FFFFy
b15 b12 b8 b4 b0
E T D [M[M
R R V[H([L
R K L1l
Alarm l £ I
’ BIN
+4| INH |detection TRKF — |16bit Oy S/U
inhibition (0 : Without tracking)
(1 : With tracking)
ERRI, DVLI, MHI, MLI
Loop 0 : Alarm enable
tag 1: Alarm inhibit
memory 2 +14 Real
SV Set value RL to RH — 0.0 u
+15 number
+16 L Real
DV Deviation (-110 to 110) % 0.0 S
+17 number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 u
+23 L number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 u
+25 . number
limit
+46 Real
CT | Control cycl cT 1.0 u
+47 ontrol cycle |0 to 999999 Note that AT < 32767 5 number
+50 Deviation limit Real
DVL 0to 100 % 100.0 u
+51 value number
+52 Real
P Gain 0 to 999999 — 1.0 U
+53 number
+54 Integral Real
0 to 999999 s 10.0 u
+55 constant number
+56 Derivative Real
D 0 to 999999 s 0.0 u
+57 constant number
+58 Real
GW | Gap width 0to 100 % 0.0 u
+59 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Real
©+60) 55 | Gap gain 0 to 999999 — 1.0 U
+61 number
Loop tag
*0 MV inside
memory +62 . Real
MVP | operation (-999999 to 999999) % 0.0 S
+63 number
value
Loop tag +96
past value :
N — — Used by the system as a work area. — — —_— S
memory "2
+116
*3
. &+0 Real
Set value E2 Set value -10 to 110 % 0.0 U
+1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
©+96 | Control cycle counter initial preset flag
+97 | Control cycle counter™®
+102
Bn-1 (Last value)
+103
+104
PVn (Process value)
+105
+106
PVn-1 (Last process value)
+107
+108
PVn-2 (Process value before last)
+109
Alarm detection 2 (ALM2)
b15 b12 b8 b4 b0
M[ M
+116 Al A
2|2
MHA2,MLA2
(0: Without alarm)
(1: With alarm)
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The counrol cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
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Processing.contents

(1

)

@)

SV setting processing
Either of the following processings is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is performed with the following expression
and then "(2) Tracking processing" is performed.

_RH—RL
SVh = 100

xE2+RL

2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value
conversion being performed.

(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking
processing" is performed.

Tracking processing

(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to
calculate SVn'.

100

SV’ = RH—RL

x(SVa —RL)

(b) When all of the following conditions hold, tracking processing is performed.
1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.
E2 = Svn'
(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm
detection inhibition (INH) in the upper loop turns to 1.
Gain (Kp) operation processing
(a) The deviation (DV) is calculated under the following condition.

Condition Operation expression
Forward operation (PN = 1) DV =E1-Svn'
Reverse operation (PN = 0) DV =S8vn'-E1
(b) The output gain (K) is calculated under the following condition.
Condition Operation expression
When |DV| < GW K=GG
_.,_(1—-GG)xGW
When |DV| > GW K=1 v
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(4)

|I-PD operation
I-PD operation is performed with the following operation expression.

Item Operation expression
. _ Mb x To _ _ CT xBn-1
When forward operation (PN = 1) Bn-1 +7MDXCT+TD X {(PVn—2PVh-1+ PVn-2) Ty }
Bn
. _ Mb x To _ _ _ CT xBn1
When reverse operation (PN = 0) Bn1+ MoxCT+To X {— (PVn—2PVs.1+PVn-2) I
. _ CT
When forward operation (PN = 1) Kex{ T X DVn+ (PVn—PVn-1)+ Bn}
BW (AMV)
When reverse operation (PN = 0) KPX{CT—IT X DVn— (PVn —PVn-1)+ Bn}
Kp: K x Gain (P), Mo: Derivative gain (MTD)
Ti: Integral constant (1), To: Derivative constant (D)
In the following case, however, note that special processing will be performed.
Condition
QnPHCPU/QnPRHCPU (First 5 digits of | QnPHCPU/QnPRHCPU (First 5 digits of QnUDPVCPU Processing
the serial No. : 07031 or the serial No. : 07032 or later)
. . Bn=0
In either of the following cases 1, 2
L (However, the loop tag
1. Derivative constant (D) =0 (TD = 0) )
. . past value memory is
2. Operation mode (MODE) is any of MAN, LCM and CMV set)
In any of the following cases 1, 2, 3
1. Integral constant (1) =0 (T1=0) In any of the following cases 1, 2, 3
2. When either of MHA or MLA error is 1. Integral constant (I) =0 (T1=0)
turned to 1 2. When either of MHA2 or MLAZ2 is turned to 1
(MVP > MH) and (%XDVn>O) (MVP > MH) and (%XDVn>O) %XDVn=0
3. When either of MHA or MLA error is 3. When either of MHA2 or MLA 2 is turned to 1
turned to 1 CT
(MVP < ML) and (? X DVa<0)
|
(MVP < ML) and (g X DVa<0)
|

Deviation check
A deviation check is made under the following condition and the result of the check is output to DVLA of the alarm

detection (ALM) and the deviation large alarm (BB1) of the block memory.

Condition Result
DVL < |DV| DVLA=BB1=1""
(DVL - DVLS) < |DV| < DVL DVLA = BB1 = Last value status hold ™!
|DV| < (DVL - DVLS) DVLA=BB1=0

*1 When DVLI or ERRI in the alarm detection inhibition (INH) is set to 1, DVLA and BB1 show 0 since the alarm is prohibited.

Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
Aloop stop performs the following processing and terminates the S.IPD instruction.
1) BWi is turned to 0.
2) DVLA of the alarm detection (ALM) is turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 of BB are turned to 0.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
A loop run performs "(7) Control cycle judgment".
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(7) Control cycle judgment
(a) If the specified control cycle is not reached, BW (AMV) is turned to 0 and the S.IPD instruction is terminated.

(b) When the specified control cycle is reached, "(1) SV setting processing" is performed.

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of @ @ are either a non-numeric or O O .
non-normalized number
When CT < 0 or the execution cycle (SD1500) <0 O O
4140 When the values of 69, €2, ©2 are either a non-numeric or

non-normalized number

|
|
O] O |O

4141 When an operation error occurs — —
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9.6 S.BPI

Ladder diagram

Start contact

sBPl [ Hsm@@@H

Structured ladder/FBD Structured text language
S_BPI
I E1N ENdf — ENO:=S_BPI(EN,s1,s2,s3,d1,d2);
— s -
— s2 d2 —
— s8
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..4)
&) : When set value (E2) is used: Set value start device * Real data type
When set value (E2) is not used: Dummy device !
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices
: R, ZR UG Zn Constant | Other
data Bit Word
& — O —
— O —
® — O — ©
o
— O —
w
® - o - 3
3
*1 Special register SD1506 can be specified as a dummy device.

Performs BPI operation when the specified control cycle is reached.

Also performs SV setting processing, tracking processing, gain (Kp) operation processing and deviation check at this time.
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Block diagram

The processing block diagram of the S.BPI instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RL, RH pv | W P,1,CT DVL, DVLS
GG
E1
1) (2) 3) 4) (5)
E2 ;
) . Gain Kp o >
SV setting Tracking . . Deviation >
(When used) ) - operation BPI operation BW
processing processing processing check >
T
|
|
|
|
@ When in control :
cycle I_ Lo ol |
CcT Control cycle > AND _T > o
judgment g |
|
6) |RUN(SPA=0) | !
|
| |
Is_t%(:;p STOP(SPA=1) When not in control cycle | !
judgment : :
LY | |
| BW=0 ! [
’ : :
! (6) I I
SPA T BW=0 5 !
Loop stop | |
MODE P '\ﬂpiN_ processing O_Ff_ | |
| | |
I | |
- | | |
ERRINDVLI | e e e e e T .- 1 :
|
| |
DVLA 4Tt TTTTTTTTTToTToTo y |
€ — — — — o __.
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Set.Data

(1) Data specified in S.BPI instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Output value Real
©+0 BW P (-999999 to 999999) % — S
+1 (AMV) number
BB —
Block b15 b12 b8 b4 b0
memory S
+2 Deviation 1 BIN
BB1 — ) — S
large alarm 16bit
(0: Without alarm)
(1: With alarm)
0 Deviation Real
+ ea
® DVLS |large alarm 0to 100 % 2.0 U
+1 . number
hysteresis
Operation 0: Reverse operation BIN
+2 PN . — . 0 U
mode 1: Forward operation 16bit
Tracking 0: Not trucked BIN
+3| TRK ) — ) 0 U
bit 1: Trucked 16bit
Oto3
Operation
constant b15 b12 b8 b4 b0
Set val BIN
+4| SNPTN | ~° V2Ue — 70 3 u
pattern 16bit
—
Set value pattern™ Set value used™ 5
0: E2 is upper loop MV. 0: E2 is used. o
1: E2 is not upper loop MV.  1: E2 is not used. o
w
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the i
system. Users cannot set the data.
*2 Specify whether the set value (E2) is to be used or not.

*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
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N Standard | Set
Specified position | Symbol Name Recommended range ! i) PR EEl] g by
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©@+1| MODE clclclclclc|AM[L]LL — . 8y Sl
mode s|mlc|alm|alu|alc|c|c 16bit
V|V|B|B|B|S|T|N|C|A|M
0 to FFFFy
Alarm b15 b12 b8 b4 b0
+3| ALM ) S D[M[M
detection P VIH|L BIN
A LIAAL | — _ 4000y | S/U
16bit
SPA DVLA,MHA ,MLA
0:Loop RUN (0:Without alarm)
1:Loop STOP (1:With alarm)
00 to FFFFy
b15 b12 b8 b4 b0
E T D[M|M
R R V|H|L
R K L|n|r
Alarm I £ I
. BIN
+4 INH detection TRKF — | 16bit Oy S/U
o i
inhibition (0 : Without tracking)
(1 : With tracking)
Loop ERRI, DVLI, MHI, MLI
tag 0 : Alarm enable
memory *2 1 : Alarm inhibit
+14 Real
S Set value RL to RH — 0.0 u
+15 number
+16 L Real
DV Deviation (-110 to 110) % 0.0 S
+17 number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 U
+23 . number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 U
+25 L number
limit
*48) o1 | Controloycle |01t0999999 Note that CT s | e 1.0 U
+47 Y ° ote that AT = 32767 number '
+50 Deviation limit Real
DVL 0to 100 % 100.0 u
+51 value number
+52 ) Real
P Gain 0 to 999999 — 1.0 u
+53 number
+54 Integral Real
0 to 999999 s 10.0 u
+55 constant number
DV cumulative
+56 Real
SDV |value (-999999 to 999999) % 0.0 S
+57 number
(ZDV)
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)
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. Standard | Set
Specified position | Symbol Name Recommended range ! ] B E= ) I by
Real
2+581 Gw | Gap width 0to 100 % 0.0 U
Loop tag +59 number
Memory K +60 . Real
GG Gap gain 0 to 999999 — 1.0 U
+61 number
Loop tag ®+96
past value :
. — — Used by the system as a work area. — — — S
Memory 2
+99
*3
N &+0 Real
Set value E2 Set value -10 to 110 % 0.0 U
+1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
© +96 | Control cycle counter initial preset flag
+97 | Control cycle counter®
98| CT » spv)
+99| T
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The control cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) SV setting processing
Either of the following processings is performed depending on the operation mode (MODE) setting.

When the operation mode (MODE) is any of CAS, CCB and CSV

(a)

(b)

1) When the set value (E2) is specified, engineering value conversion is performed with the following expression

and then "(2) Tracking processing" is performed.

SVn =

2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value

_RH—RL

100

xE2+RL

conversion being performed.

When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking

processing" is performed.

Idg'sS 96
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(2) Tracking processing
(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to
calculate SVn'.

. 100 _

(b) When all of the following conditions hold, tracking processing is performed.
1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.

E2 = Svn'

(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm

detection inhibition (INH) in the upper loop turns to 1.
(3) Gain (Kp) operation processing
(a) The deviation (DV) is calculated under the following condition.

Condition Operation expression
Forward operation (PN = 1) DV =E1-8vn'
Reverse operation (PN = 0) DV =S8vn'-E1
(b) The output gain (K) is calculated under the following condition.
Condition Operation expression
When |DV| < GW K=GG
_.,_(1-GG)xGW
When |DV| > GW K=1 v

(4) BPI operation
BPI operation is performed with the following operation expression.
Condition Operation expression

BW (AMV) Kpx BW x (DVn + %x SDVi)

Kp: K x Gain (P), BT: Execution cycle, Ti: Integral constant (1),
> DVI: Cumulative value of DVn, DVn: Deviation

In the following case, however, note that special processing will be performed.
Condition Processing

In either of the following cases 1, 2

1. Integral constant (I) =0 (Ti = 0)

2. Either MLA or MHA of alarm
detection (ALM) is 1

CTT x 2DVi=last value unchanged

1. Integral constant (I) # 0 (T1 # 0) (;I.—TXZDV|= (;I.—Tx (ZDVi+DVn)
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(5) Deviation check

A deviation check is made under the following condition and the result of the check is output to DVLA of the alarm
detection (ALM) and the deviation large alarm (BB1) of the block memory.

Condition Result
DVL < |DV| DVLA=BB1=1""
(DVL - DVLS) < |DV| < DVL DVLA = BB1 = Last value status hold !
|DV| < (DVL - DVLS) DVLA=BB1=0

*1 When DVLI or ERRI in the alarm detection inhibition (INH) is set to 1, DVLA and BB1 show 0 since the alarm is prohibited.

(6) Loop stop processing

(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.

Aloop stop performs the following processing and terminates the S.BPI instruction.

1) BWi is turned to 0.

2) DVLA of the alarm detection (ALM) is turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 of BB are turned to 0.

(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.

A loop run performs "(7) Control cycle judgment".

(7) Control cycle judgment

(a) If the specified control cycle is not reached, BW is turned to 0 and the S.BPI instruction is terminated.

(b) When the specified control cycle is reached, "(1) SV setting processing" is performed.

Operation. Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of @ @ are either a non-numeric or O O o ©
non-normalized number o
When CT < 0 or the execution cycle (SD1500) <0 O O O »
vs)
4140 When the values of @ @ are either a non-numeric or _ _ O Y
non-normalized number
4141 When an operation error occurs — — O
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Ladder diagram

Start contact

SR [ HSR\@!\@II@@}—{

Structured ladder/FBD Structured text language
S R
] E1N E“;? — ENO:=S_R(EN,s1,s2,s3,d1,d2);
— s I
— s2 d2 —
— s3
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..1)
) : When set value (E2) is used: Set value start device ' Real data type
When set value (E2) is not used: Dummy device "'
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
© : Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices
- R, ZR - Ui \Gii Zn Constant | Other
data Bit Word Bit Word
S) — O _
DY) — O —
® — O —
©2 — O —
) — O —
*1 Special register SD1506 can be specified as a dummy device.

Performs rate operation when the specified control cycle is reached.
Also performs operation mode (MODE) judgment, engineering value conversion, tracking processing and change rate limiter

processing at this time.

SPR —— SPR: Set value
Rn [ F--+ ~ =~ 7 Rn: Rate current value
- —
- g iy DR: Change rate limit value
4 — 1T bR Lo+
L — — 2 | I 9
|

! 1 I I 1 1 1 1 ! L 1 L Control cycle
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Block diagram

The processing block diagram of the S.R instruction is shown below.
(The numerals (1) to (6) in the diagram indicate the order of the processing.)

RMIN, RMAX DR Rn BIAS
E1
(6) (1) @) @) ¢
E2 . .
»| Engineering . >
(When value Tracklng l@hfange rate Ratio operation BW
used) conversion processing imiter >

Other than CAS, CCB, CSV

CAS, CCB, CSV
Control cycle
CT Control cycle .
judgment Mode judgment
RUN(SPA=0
@) (SPA=0)
Loop STOP(SPA=1)
stop When not in control cycle
judgment
+
|
|
|
I 4)
SPA Last BW
Loop stop
MODE - ——————______MANI processing

d's 1'6
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Set.Data

(1) Data specified in S.R instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Block Real
©+0 BW | Output value | (-999999 to 999999) % — S
memory +1 number
X . 0: Not trucked BIN
6@+0| TRK | Tracking bit — . 0 U
1: Trucked 16bit
Oto3
b15 b12 b8 b4 b0
Operation
constant Set value BIN
+1| SVPTN — ) 3 U
pattern 16bit
——
Set value pattern™ Set value used™?
0: E2 is upper loop MV. 0: E2 is used.
1: E2 is not upper loop MV.  1: E2 is not used.
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©+1| MODE clclclclelc]alm[L]C]L — . 8y S/J
mode s|mlc|alm|alu|alc|c|c 16bit
V|V|B|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
S
Alarm P BIN
+3| ALM ) A — . 40004 S/U
Loop detection 16bit
tag SPA
“ 0: Loop RUN
memory 1: Loop STOP
+14 Real
SPR | Set value -999999 to 999999 — 0.0 U
+15 number
+16 . Real
BIAS |Bias -999999 to 999999 % 0.0 U
+17 number
*48) o1 | Controlcycle |01t0999999 Note that CT s |Red 1.0 u
+47 y to ote that AT = 32767 number ‘
+50 Change rate Real
DR o 0 to 999999 — 100.0 U
+51 limit value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Specify whether the set value (E2) is to be used or not.
*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
*4 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
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. . . . Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Rate er Real
@+52] ppax | Rate upp -999999 to 999999 — 1000 | U
+53 limit value number
Loop tag +54 Rate lower Real
o RMIN | -999999 to 999999 — 0.0 u
memory +55 limit value number
+56 Rate current Real
Rn (-999999 to 999999) — 0.0 S
+57 value number
Loop tag ®+96
past value :
. — — Used by the system as a work area. — — — S
memory 2
+99
*3
N Real
setvalie | 20 E2 |Ssetvalue 100 110 % 0.0 u
+1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
©+96 | Control cycle counter initial preset flag
+97 | Control cycle counter®
+98
Rn-1 (Last value)
+99
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The control cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) Tracking processing

(@) When all of the following conditions hold, tracking processing is performed.

(b)

1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.

100
RMAX-RMIN

When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm

(SPR-RMIN)

detection inhibition (INH) in the upper loop turns to 1.

d's 1'6
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)

©)

(4)

®)

(6)

Change rate limiter
In the change rate limiter, the following operation is performed and the result of the operation is stored into the current
rate value (Rn).

Condition Operation expression
(SPR-Rn)>DR Rn =Rn-1+ DR
(SPR-Rn)<-DR Rn =Rn-1-DR
|SPR - Rn| < DR Rn = SPR

Rate operation
Rate operation is performed with the following operation expression.

_ Ra—RMIN
BW = ot rin X E1+BIAS

Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.R instruction.
1) BW retains the last value.
2) The operation mode (MODE) is changed to MAN.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(5) Control cycle judgment".
Control cycle judgment
(a) When the specified control cycle is not reached, BW is retained and the S.R instruction is terminated.
(b) When the specified control cycle is reached, "(6) Mode judgment” is performed.
Mode judgment
Either of the following processings is performed depending on the operation mode (MODE) setting.
(a) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is made with the following expression and
then "(2) Change rate limiter" is performed.

sm:W x E2 + RMIN

2) When the set value (E2) is not specified, "(2) Change rate limiter" is performed without engineering value
conversion being made.
(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(1) Tracking
processing" is executed.

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —

4100 When the values of @ @ are either a non-numeric or non- O O o
normalized number
When CT < 0 or the execution cycle (SD1500) < 0 O O O

4140 When the values of @ @ are either a non-numeric or non- - - 0O
normalized number

4141 When an operation error occurs — — O
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9.8 S.PHPL
Ladder diagram
| Start contact
S.PHPL | 1| | _spirL | © | @ | @ }—{
Structured ladder/FBD Structured text language
S_PHPL
- = ENO 1= ENO:=S_PHPL(EN,s1,s2,d1,d2);
— st a1 —
— s2 d2 [—
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
) : Dummy device™’ : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices N
9 R, ZR LIRS Ui iN\G] Zn Constant | Other
data Bit Word Bit Word
S) — O —
— O _
® — O —
@ - o —
*1 Special register SD1506 can be specified as a dummy device. S
©
H w
Function T
T
2

Performs a high/low limit check on the input value (E1) and provides an alarm output.
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Block diagram

The processing block diagram of the S.PHPL instruction is shown below.

(The numerals (1) to (5) in the diagram indicate the order of the processing.)
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Set.Data

(1) Data specified in S.PHPL instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
+ Real
0 BW Output value | (-999999 to 999999) % — S
+1 number
BB —
BB1 |Alarm
U limi
BB2 pper limit
alarm
Lower limit
Block BB3 alarm b15 b12 b8 b4 b0
memo — B|B|[B|B|B
v . Posiive HHHHK .
BB4 |Cooron 16bit
change rate (0: Without alarm)
alarm (1: With alarm)
Negative
direction
BB5
change rate
alarm
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
®+1| MODE clclclclelc]amIL]]L — . 8H S/U
mode s|m|c|alm|alu|alc|c|c 16bit
V| v|iB|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
s HIL|P|P B B
P HIL|H|L
©
3l AM Alarm. A Alalala K X . BIN. 40004 SU ©
detection 16bit
SPA Other g
0: Loop RUN (0: Without alarm) T
1: Loop STOP (1: With alarm) s
Loop 0 to FFFFy
tag
"2 Alarm 3155 P2 bl—? L{P[P l?:;1 D -
memory _ R HILIHILIP|P BIN
+4| INH |detection R T IPIN — ) OH S/U
S | [l 16bit
inhibition
0: Alarm enable
1: Alarm inhibit
+10 Real
PV Process value | (RL to RH) — 0.0 S
+11 number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 U
+23 . number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 U
+25 . number
limit
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Upper limit
Real
@+26] o | orarm set RL to RH — 100.0 u
+27 number
value
+28 Lower limit Real
PL RL to RH — 0.0 u
+29 alarm value number
Upper er
+30 ) p? upp Real
HH limit alarm RL to RH — 100.0 U
+31 number
value
Lower lower
Loop tag +32 o Real
* LL limit alarm RL to RH — 0.0 U
memory +33 number
value
Upper/lower
+40 . Real
HS limit alarm 0 to 999999 % 0.0 U
+41 ) number
hysteresis
Change rate
+42 CTIM Real
CTIM |alarm 0to 999999 Note that = 32767 s 0.0 U
+43 . AT number
Check time
+44 Change rate Real
DPL 9 0t 100 % 100.0 u
+45 alarm value number
Loop tag ©2+124
past value :
. — — Used by the system as a work area. — — — S
memory 2
+127
*3
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
©2+124 | Change rate monitor counter initial preset flag
+125 | Change rate monitor counter
+126
E1nm
+127
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The change rate monitor counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)

Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) Engineering value reverse conversion

The following operations are performed to match the upper limit alarm value (PH), lower limit alarm value (PL), upper

upper limit alarm value (HH) and lower lower limit alarm value (LL) ranges with the input value (E1).

100

— 100 _ i —
PH'=rH—grL*(PH—RL) PL'= gq—g % (PL—RL)
—__100 _ . — 100 _
HH'=mp—gp % (HH—RL), L' =i er*(LL —RL)
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(2) Upper/lower limit check
The upper/lower limit checks of the input value (E1) are made under the following conditions.

Check item Condition ALM BB2 BB3
E1>PH PHA=1"" 1 —
Upper limit check E1<PH'-HS PHA=0 0 —
Others PHA: Last value is status hold ™’ Hold —
E1<PL PLA=172 — 172
Lower limit check E1>PL'+HS PLA=0 —_ 0
Others PLA: Last value is status hold "2 — Hold "2
E1>HH' HHA=1" — —
Upper Upper limit check E1 <HH'-HS HHA=0 — —
Others HHA: Last value is status hold " — —
E1<LL LLA=1" — —
Lower lower limit check E1>LL"+HS LLA=0 —_ —_
Others LLA: Last value is status hold — —

*1 When PHI or ERRI in the alarm detection inhibition (INH) is set to 1, PHA and BB2 show 0 since the alarm is prohibited.
*2 When PLI or ERRI in the alarm detection inhibition (INH) is set to 1, PLA and BB3 show 0 since the alarm is prohibited.
*3 When HHI or ERRI in the alarm detection inhibition (INH) is set to 1, HHA show 0 since the alarm is prohibited.

*4 When LLI or ERRI in the alarm detection inhibition (INH) is set to 1, LLA show 0 since the alarm is prohibited.

(3) Change rate check
(a) Achange rate check is performed for the time specified in CTIM.
The number of change rate checks to be made is found by the following expression.

_CTIM
AT

m varies from 1 to m.

However, when m = 0 (integer part), no processing is performed.

Set values of CTIM and AT so that the change rate alarm counter (m) > 2.
When m = 0 (integer part), no processing is performed.

For example, when m = 4, the processing is performed as shown below.

a) Zero time E1n —E1n4
2) One time E1n+1—E1n DPLI
d

I1dHd'S 86

) Two time E1n+2 —E1n
) Three time E1n+3 —E1n
e) Four time E1n+4 —E1n

(
(
(
(
(

«—> Execution cycle

CTIM |

(b) The change of the input data is compared with the change rate alarm value (DPL) in each execution cycle (AT).

Check item Condition ALM BB4 BB5
E1n+m- E1n > DPL DPPA=1"1 1 —
Others DPPA=0 0 —
Change rate check - -
Efn+m- E1n < - DPL DPNA=1"2 — 172
Others DPNA=0 — 0

*1 When DPPI or ERRI in the alarm detection inhibition (INH) is set to 1, DPPA and BB4 show 0 since the alarm is prohibited.
*2 When DPNI or ERRI in the alarm detection inhibition (INH) is set to 1, DPNA and BB5 show 0 since the alarm is prohibited.
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(4) Engineering value conversion
Engineering value conversion is made with the following expression.

RH—RL

PV=""00

xE1+RL

(5) Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
Aloop stop performs the following processing and terminates the S.PHPL instruction.

1) Engineering value reverse conversion is performed with the following expression.

___ 100 _
BW =i X (PV—RL)

2) BB1 to BB5 of BB are turned to 0.
3) DPNA, DPPA, LLA, HHA, PLA and PHA of the alarm detection (ALM) are turned to O.

(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(1) Engineering value reverse conversion".

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —
When the values of €9, ©2 are either a non-numeric or non- O O .
normalized number

4100 When the execution cycle (SD1500) < 0 O O O
When DPL < -DPL O O O
When CTIM <0 O O O

4140 When the values of €9, €2 are either a non-numeric or non- _ _ O
normalized number

4141 When an operation error occurs — — O
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9.9

S.LLAG

Ladder diagram

S.LLAG [7] | || |

| Start contact

S.LLAG@’@@}_{

Structured ladder/FBD Structured text language
S_LLAG

- = ENO 1= ENO:=S_LLAG(EN,s1,s2,d1,d2);

— st d1 —

— s2 d2 —

Input argument EN

: Execution condition

: Bit

[S) : Input data start device : Array of any 16-bit data (0..2)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
: Loop tag memory start device : Real data type
Setting Internal devices JIE S
- R, ZR - Uii\Gi Zn Constant | Other
data Bit Word Bit Word
S) — O _
— O _
® — O _
@ - o —

Performs lead-lag operation according to the lag time and lead time settings of the operation constants and the actuating

signal (e1).

Input Value (E1)

I I

Output Value (BW)

N T2>T1

Lea-lag compensation

1+T28
1+T18

—>

Output Value (BW)

T2<T1
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Set.Data

(1) Data specified in S.LLAG instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Real
©+0 E1 Input value -999999 to 999999 % — U
+1 number
b15 b12 b8 b4 b0
Input e
data Actuating 1 BIN
+2 el ) — . — u
signal 16bit
0: With lead-lag compensation
1: Without lead-lag compensation
Block ©+0 Real
BW | Output value | (-999999 to 999999) % — S
memory +1 number
@+0 . Real
. T1 Delay time 0 to 999999 s 1.0 U
Operation +1 number
constant +2 Real
T2 Lead time 0 to 999999 s 1.0 u
+3 number
Local work ®@+0 Last Input Real
* E1n-1 Used by the system as a work area. — — S
memory +1 value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 When control is to be started from the initial status, the data must be cleared with the sequence program.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
Processing.contents
The S.LLAG instruction instructs the following operation.
Condition BW (Output value)
=1 -Eln-
e1=0 BW = T IAT x {T2 x (E1 - E1n-1) + T1 x (BW Last value) + AT x E1}
However, when T1+ AT=0,BW =0
el=1 BW = E1 (Input value is output unchanged)
Operation. Error
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
When the values of @ , @ @ are either a non-numeric or
. O O —
4100 non-normalized number
When the execution cycle (SD1500, SD1501) <0 O O O
When the lag time (T4) < 0 or the lead time (T,) <0 O O O
4140 When the values of @ , @ @ are either a non-numeric or _ o O
non-normalized number
4141 When an operation error occurs — — O
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9.10 s.

Ladder diagram

| Start contact

st M p—dF—{ & o9 e [&H

Structured ladder/FBD Structured text language
s_|
— EN ENO — ENO:=S_I(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Array of any 16-bit data (0..2)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
: Dummy device™! : Real data type
Settin Internal devices JIE
g - R, ZR . Uii\GE Zn Constant | Other
data Bit Word Bit Word
S) — O —
— O _
® — O —
© — O —
*1 Special register SD1506 can be specified as a dummy device. S
S
H (]
Function 2

Performs integral operation according to the operation control signal (e1).

Input Value (E1) Output Value (BW)

—_ | — | —

TS
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(1) Data specified in S.I instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&)+0 Real
E1 Input value -999999 to 999999 — — U
+1 number
Input b15 b12 b8 b4 b0
data Operation ] BIN
+2 el ) — . — u
control signal 16bit
0: With integral operation
1: Without integral operation
Block ©)+0 Real
BW | Output value | (-999999 to 999999) — — S
memory +1 number
€2+0 . Real
. T Integral time | 0 to 999999 s 1.0 U
Operation +1 number
constant +2 Output initial Real
Ys -999999 to 999999 — 0.0 u
+3 value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
Processing.contents
The S.I instruction performs the following operation.
el T BW
0 #0 BW=Yn= ST x E1+ Yoy
0 0 BW = Yn-1
— BW =Ys
E1: Current input value, AT: Execution cycle, Yn: Current output value, Yn-1: Last output value
Operation Error
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &), ®, € are either a non-numeric or
. O O —
non-normalized number
4140 When the values of &), @), & are either a non-numeric or _ o O
non-normalized number
4141 When an operation error occurs — — O
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911 sbp

Ladder diagram

| Start contact

S.D imE | | | | sD

@|@H

Structured ladder/FBD Structured text language
S D
— EN ENO — ENO:=S_D(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Array of any 16-bit data (0..2)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
: Loop work memory start device : Real data type
Setting Internal devices i i
: R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
B — O —
— O _
® — O _
© — O —

as ti'e

Executes derivative operation according to the operation control signal (e1).

Input Value (E1) Output Value (BW)

— TS —
1+TS
N
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Set.Data

(1) Data specified in S.D instruction

.- o o . Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&+0 Real
E1 Input value -999999 to 999999 — — U
+1 number
b15 b12 b8 b4 b0
Input e
data Operation 1 BIN
+2 el ) — . — U
control signal 16bit
0: With derivative operation
1: Without derivative operation
Block ©)+0 Real
BW | Output value | (-999999 to 999999) — — S
memory +1 number
+0 Derivative Real
) T j 0 to 999999 s 1.0 U
Operation +1 time number
constant +2 Output initial Real
vs | PUHINEEL 999999 to 999999 — |0 0.0 u
+3 value number
Local work ©+0 Last input Real
* E1n-1 Used by the system as a work area. — — S
memory +1 value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 When control is to be started from the initial status, the data must be cleared with the sequence program.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
Processing.contents
The S.D instruction performs the following operation.
el BW
BW = T X (Yn-1-E1n-1+E1
0 = ear X (Yn1EIntET)
Note that T + AT =0, BW = 0.
1 BW =Ys
E1: Current input value, AT: Execution cycle, Yn: Last output value, Yn-1: Last output value
Operation Error
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —

4100 When the values of &), ©), 62, @ are either a non-numeric or

non-normalized number

O O -

4140 When the values of &, @, &, 02 are either a non-numeric or _ o O

non-normalized number

4141 When an operation error occurs — — O
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9.12

S.DED

Ladder diagram

| Start contact
| | [

s.DED@|@\@}_{

Structured ladder/FBD

Structured text language

S_DED
— EN ENO — ENO:=S_DED(EN,s1,s2,d1,d2);
— si dl —
— s2 d2 —

Input argument EN

: Execution condition

: Bit

[S) : Input data start device : Array of any 16-bit data (0..2)
& : Operation constant start device : Array of any 16-bit data (0..5)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop work memory start device : Array of any 16-bit data (0..100)
Setting Internal devices Jisd
- R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
B — O —
) — O _
® — O _
© — O —

a3aas c¢l'e

Outputs the input value (E1) with a delay of dead time according to the setting of the operation control signal (e1).

E1, Y11

Ys »
T ST1 | ST2 | ST3 | ST4 . ST5 . ST6 . SI7 >
P ! ! ! EE—
oot — g
5 5 5 SN1 <
: : : Ssz)
R L SN3

Dead time table

SN: Sampling count
ST: Data collection interval

E1: Input value
Ys: Output initial value
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Set.Data

(1) Data specified in S.DED instruction

. " o . Standard
Specified position | Symbol Name Recommended range 1 Unit | Data format value Set by
&+0 Real
E1 Input value -999999 to 999999 — — U
+1 number
b15 b12 b8 b4 b0
Input e
data Operation ! BIN
+2 el ) — . — U
control signal 16bit
0: With dead time
1: Without dead time
Real
©+0 BW Output value | (-999999 to 999999) — — S
+1 number
BB —
Block b15 b12 b8 b4 b0
B
memor
Y +2 Data T BIN
BB1 . ) — . — S
sufficiency bit 16bit
(0: Data sufficiency)
(1: Data insufficiency)
+0 Data collection Real
® ST 0 to 999999 Note that ST <32767 | s 10| U
+1 Interval AT number
Sampling BIN
+2 SN 0 to 48 — . 0 U
count 16bit
+3 Output initial Real
Ys -999999 to 999999 — 0.0 U
. +4 value number
Operation
constant b15 b12 b8 b4 b0
o
C
output ("3' BIN
+5| OCHG o — . 0 U
switching . 16bit
0: E1 when e1 turned from 1 to 0 is output up to
SN times.
1: Ys is output up to SN times.
Last value
-0 input (e1')
Cycle counter
+1
*3
Dead time
+2 table number
Local of stored data
work +3 — Dead time Used by the system as a work area. — — — S
9 +4 table 1
memory
+5 Dead time
+6 table 2
+2SN
+1 Dead time
+2SN table SN
+2
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 When control is to be started from the initial status, the data must be cleared with the sequence program.
*3 The cycle counter rounds off the data to the nearest whole number.
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(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) The S.DED instruction performs the following operation.

el OCHG Dead time BW
1 0/1 None E1

Up to SN
times

Later than SN
times

Up to SN
times

Later than SN
times

0-0 0/1 ST x SN Oldest data "'

E1 when e1 turns from 1to 0

Oldest data ™!

1—0 ST x SN
Ys

Oldest data !

*1 The oldest date is the E1 after the SNth time.

* When the dead time table date is not filled, BB1 is turned 1.
« When SN =0, BB1=0and BW =E1.

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —

When the values of ), € are either a non-numeric or non-

) O O -
normalized number
4100
When the sampling count is other than 0 to 48 O O O ©
When the execution cycle (AT) <0 O O O N
2
When the data collection intervals (ST) < 0 O O O o
m
4140 When the values of &, & are either a non-numeric or non- _ _ O o
normalized number
4141 When an operation error occurs — — O
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9.13

S.HS

Ladder diagram

S.HS | || | SHs

| Start contact

@|@@H

Structured ladder/FBD

Structured text language

S_HS
ENO |—
d1 |—

d2 —

ENO:=S_HS(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Array of any 16-bit data (0..32)
& : Dummy device™’ : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Settin Internal devices JiTNE
g - R, ZR UI\GEE Zn Constant | Other
data Bit Word Bit Word
S) — O _
© — O —
® — O _
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.

Outputs the maximum value of the input values 1 (E1) to n (En).

158




S.HS

Set.Data

(1) Data specified in S.HS instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
0 n Input count 1to 16 BIN U
+ ut cou — —
9 P 16bit
+1
E1 Input value 1
+2
Input 3
data E2 Input value 2 Real
+4 -999999 to 999999 — — U
- - number
20T e L inputval
n alue n
+2n n put valu
Real
©+0 BW Output value | (Maximum value of E1 to En) — — S
+1 number
BB —
b15 b12 b8 b4 b0
B|B|B|B|[B|B|B|[B|B|B|B|B|B|B|B|B
Block B|B|B|B|B|B|/B|B|B|B|B|B|B|B|B|B
memory BB1 16(15/14|13|12(11(10|9 [ 8|7 |6|5|4 | 3|21
+2 Output BIN
to ) L ) — ) — S
selection (0: The corresponding input value is not 16bit
BB16 the maximum value)
(1: The corresponding input value is the
maximum value)
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system.
Users cannot set the data.

Processing.contents

(1) High selector processing ©
The maximum value of the input values 1 (E1) to n (En) is stored into BW. 3
Also, any of BB1 to BB16 of BB corresponding to the maximum value is turned to 1. %

Input value E16 E15 E14 to E2 E1
Bit turned to 1 at maximum value BB16 BB15 BB14 to BB2 BB1

(a) If there are two or more maximum values, the bits corresponding to the maximum values are all turned to 1.
(b) If there is only one input
1) When only E1 is used as the input value
» E1is stored into BW.
* BB1of BBis turned to 1.
« BB2to BB16 of BB are turned to 0.
2) Only one of E2 to E16 is used as the input value
* The input values of E2 to E16 and the data of E1 are used to perform processing.

Operation Error

In the following cases, the error flag (SM0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When the value of € is either a non-numeric or non- O O _
4100 normalized number
When not 1 < number of inputs (n) < 16 O O O
4140 When the value of € is either a non-numeric or non- _ _ O
normalized number
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914 sis
Ladder diagram
| Start contact
sis L= [ e[ o [® & H
Structured ladder/FBD Structured text language
S_LS
- =N ENO — ENO:=S_LS(EN,s1,s2,d1,d2);
— st a1 —
— s2 d2 [—
Input argument EN : Execution condition : Bit
S) : Input data start device : Array of any 16-bit data (0..32)
& : Dummy device™’ : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Setting Internal devices
R, ZR Ui\Gi: Zn Constant | Other
data Bit Word
S) — O —
© — O —
® — O —
02 — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Outputs the minimum value of the input values 1 (E1) to n (En).
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Set.Data

(1) Data specified in S.LS instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
0 n Input count 1t0 16 BIN U
+ ut cou — —
® P 16bit
+1
E1 Input value 1
+2
Input 3
data E2 Input value 2 Real
+4 -999999 to 999999 — — U
- - number
20T e inputval
n alue n
+2n n put valu
Real
©+0 BW Output value | (Minimum value of E1 to En) — — S
+1 number
BB —
b15 b12 b8 b4 b0
Block B/B|/B|B|B|B|B[B|B|B|B|B|[B|B|B|B
B|/B|/B|B|B|B|B|B|B|B|B|B|B|B|B|B
memory BB1 16(15(14{13[12|11]{10| 9 | 8|7 |6 |5 |4 |3 |2 |1
+2 o Output BIN S
BB16 selection (0: The corresponding input value is not the 16bit
minimum value)
(1: The corresponding input value is the
minimum value)
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Low selector processing

The minimum value of the input values 1 (E1) to n (En) is stored into BW. §

Also, any of BB1 to BB16 of BB corresponding to the minimum value is turned to 1. "f
Input value E16 E15 E14 to E2 E1 ®
Bit turned to 1 at minimum value BB16 BB15 BB14 to BB2 BB1

(a) If there are two or more minimum values, the bits corresponding to the minimum values are all turned to 1.
(b) If there is only one input
1) When only E1 is used as the input value
« E1is stored into BW.
« BB1 of BB is turned to 1.
» BB2 to BB16 of BB are turned to 0.
2) Only one of E2 to E16 is used as the input value
» The input values of E2 to E16 and the data of E1 are used to perform processing.

Operation.Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When the value of & is either a non-numeric or non-
) O O
4100 normalized number
When not 1 < number of inputs (n) < 16 O O O
4140 When the value of € is either a non-numeric or non- _ _ O
normalized number
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9.15 swmp

Ladder diagram

| Start contact

s.MD [ | | | [ smD

@\@@H

Structured ladder/FBD Structured text language
S_MID
- =N ENO — ENO:=S_MID(EN,s1,s2,d1,d2);
— st a1 —
— s2 d2 [—
Input argument EN : Execution condition : Bit
S) : Input data start device : Array of any 16-bit data (0..32)
& : Dummy device™’ : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Settin Internal devices JiTNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
S) — O —
© — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Outputs the middle value between the maximum value and minimum value among the input value 1 (E1) to input value n (En).
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Set.Data

(1) Data specified in S.MID instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
0 n Input count 1to 16 BIN U
+ ut cou — —
9 P 16bit
+1
E1 Input value 1
+2
Input 3
data E2 Input value 2 Real
+4 -999999 to 999999 — — U
- - number
+2n-1
En Input value n
+2n
+ Middle value between maximum value and Real
0 BW Output value ( o — — S
+1 minimum value) number
BB —
b15 b12 b8 b4 b0
Block B|B|B|B|[B|B|B|[B|B|B|B|B|B|B|B|B
B|B|B|B|B|B|/B|B|B|B|B|B|B|B|B|B
memory BB1 16(15(1413({12(11(109 | 8|7 (6|54 |3 |2 |1
+2 o Output BIN S
selection (0: The corresponding input value is not the 16bit
BB16 . )
intermediate value)
(1: The corresponding input value is the
intermediate value)
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Middle value selector processing

The middle value of the input values 1 (E1) to n (En) is stored into BW. ;

Also, any of BB1 to BB16 of BB corresponding to the middle value is turned to 1. 2
Input value E16 E15 E14 to E2 E1 o
Bit turned to 1 at middle value BB16 BB15 BB14 to BB2 BB1

(a) If there are an even number of inputs, the smaller value of the middle values is stored.

(b) If there are two or more middle values, the bits corresponding to the middle values are all turned to 1.

The middle value is selected as described below.
(1) The input value 1 (E1) to input value n (En) are rearranged in order of increasing value.

(If there are the same input values, they are arranged in order of increasing input number.)
(2) The middle value among the rearranged values is selected.

Example) When the input data are 2, 5, 1, 4 and 3, the middle value is selected as described below.

Input data Rearranged data
E1|E2 | E3 | E4 | E5 Rearrangement | E3 | E1 | E5 | E4 | E2

2 5 1 4 3| ——» | 1 2 3 4 5

In the above case, the middle value is "3" and BB5 turns to 1.
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Operation. Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When the value of & is either a non-numeric or non- O O .
4100 normalized number
When not 1 < number of inputs (n) < 16 O O O
4140 When the value of & is either a non-numeric or non- o o O
normalized number
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9.16  s.AvE

Ladder diagram
| Start contact
| ] |
S.AVE [] | || [ sae [ & | HEl }—{
Structured ladder/FBD Structured text language
S_AVE
— EN ENO — ENO:=S_AVE(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Array of any 16-bit data (0..32)
) : Dummy device™’ : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Dummy device™! : Real data type
Settin Internal devices JIE
g R, ZR UG Zn Constant | Other
data Bit Word Bit Word
S) — O —
— O _
® - o —
© — O —
*1 Special register SD1506 can be specified as a dummy device. S
>
H (]
Function >
m

Calculates and outputs the average value of the input value 1 (E1) to n (En).
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Set.Data

(1) Data specified in S.AVE instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
0 n Input count 1to0 16 BIN U
+ ut cou — —
9 P 16bit
+1
E1 Input value 1
+2
Input 3
data E2 Input value 2 Real
+4 -999999 to 999999 — — U
number
+2n-1
En Input value n
+2n
Block + Real
0 BW | Output value | (Average value of E1 to En) — — S
memory +1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Calculation of average value
The average value of the input value 1 (E1) to n (En) is calculated.

As the denominator (N), the value specified as the number of inputs (n) is used.
_ E1+ E24+E3+---- En

BW

Operation.Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

N

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —

4100 When the value of € is either a non-numeric or non- O O .
normalized number
When not 1 < number of inputs (n) < 16 O O O

4140 When the value of & is either a non-numeric or non- o o O
normalized number

4141 When an operation error occurs — — O
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9.17 st

Ladder diagram
| Start contact
S.LIMT | || | suvr | & | [ @ ] }—{
Structured ladder/FBD Structured text language
S_LIMT
— EN ENO — ENO:=S_LIMT(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..3)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Dummy device™! : Real data type
Setting Internal devices i i
: R, ZR . UG Zn Constant | Other
data Bit Word Bit Word
S) — O —
— O _
® — O —
@ - o —
*1 Special register SD1506 can be specified as a dummy device. S
3
H w
Function e
=
The upper and lower limit limiter is applied to the output value by adding a hysteresis.
BW
HILMT| - - - - - o oo oo oo o
I
|
I
HILMT—HS1F - -~ - -~ !
| |
' ' X1
LOLMT LOLMT+ HS2 HILMT—HSA1 HILIMT
| |
I
| . LOLMT+HS2 !
: : : !
: | | :
| |
iy E LOLMT :
Upper limit alarm ! : i T
! 1
BB1 L
I
I

Lower limit alarm
BB2
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Set.Data

(1) Data specified in S.LIMT instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Real
©+0 BW Output value | (999999 to 999999) % — S
+1 number
BB —
Block Upper limit b15 b12 b8 b4 b0
emay BB1 | oo 3E
+2 2|1 BIN s
Lower limit 16bit
BRo | -°We (0: Without alarm)
alarm (1: With alarm)
Upper limit Real
©+0 HILMT PP . -999999 to 999999 % 100.0 u
+1 value™? number
+2 Lower limit Real
. LOLMT . -999999 to 999999 % 0.0 u
Operation +3 value™ number
constant +4 Upper limit Real
Hs1 | PPerim 0 to 999999 % 00| U
+5 hysteresis number
+6 Lower limit Real
HS2 . 0 to 999999 % 0.0 U
+7 hysteresis number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Make setting to satisfy HILMT > LOLMT.
Processing.contents
(1) The S.LIMT instruction performs the following operation.
Condition BW BB1 BB2
E1>HILMT HILMT 1 0
(LOLMT + HS2) < E1 < (HILMT - HS1) E1 0 0
E1<LOLMT LOLMT 0 1
Other than above (hysteresis section) E1 Last value Last value
Operation.Error
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
When upper limit hysteresis (HS1) or lower limit hysteresis
(HS2) is a negative value O O o
4100
When the values of &), € are either a non-numeric or non-
) O O -
normalized number
When LOLMT > HILMT O O O
4140 When the values of €), € are either a non-numeric or non- _ _ O
normalized number
When an operation error occurs — — O
4141 When upper limit hysteresis (HS1) or lower limit hysteresis . o
(HS2) is a negative value o
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9.18  s.vLmT1

Ladder diagram
| Start contact
S.VLMT1 ] | || | svt | @ | | @ | }—{
Structured ladder/FBD Structured text language
S_VLMT1
— EN ENO — ENO:=S_VLMT1(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..3)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Dummy device™! : Real data type
Settin Internal devices JIE
g - R, ZR . Uii\GE Zn Constant | Other
data Bit Word Bit Word
S) — O _
— O _
® - o —
@ - o —
*1 Special register SD1506 can be specified as a dummy device. S
3
Function 2
<
C
=
Limits the varying speed of the output value. =
Input Input
Hysteresis Hysteresis
> >
: t : t
I I | |
Output : : Output : :
1) Sl e ) ety BB2
0 BB1 0
: BW
| BW
t t
(Positive Direction) (Negative Direction)
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Set.Data

(1) Data specified in S.VLMT1 instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! LAl IRt i by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Real
©+0 BW Output value | (-999999 to 999999) % — S
+1 number
BB —
Positive
Block ggq | direction 15 b12 b8 b4 bo
memory restriction B|B
+2 alarm 213 BIN s
Negative 16bit
direction (0: Without alarm)
BB2 L (1: With alarm)
restriction
alarm
0 Positive Real
+ ea
® V1 direction limit | 0 to 999999 %ls 100.0 U
+1 number
value
Negative
+2 L Real
V2 direction limit | 0 to 999999 %ls 100.0 U
. +3 number
Operation value
constant Positive
+4 L Real
HS1 direction 0 to 999999 % 0.0 U
+5 ) number
hysteresis
Negative
+6 L Real
HS2 direction 0 to 999999 % 0.0 U
+7 . number
hysteresis
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
Processing.contents
(1) The S.VLMT1 instruction performs the following operation.
Input (E1 - BW) BW BB1 BB2
. o (E1-BW) = (V1 x AT) BW =BW + V1 x AT 1 0
Positive direction —
When E1 > BW (E1-BW) < (V1 x AT - HS1) BW = E1 0 0
Others BW = E1 Last value Last value
Negative (BW-E1)> (V2 x AT) BW =BW -V2 x AT 0 1
direction (BW - E1) < (V2 x AT - HS2) BW = E1 0 0
When E1<BW  [Others BW = E1 Last value | Lastvalue
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Operation. Error

In the following cases, the error flag (SM0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of ), & are either a non-numeric or non- O O _
normalized number
When HS1 <0 or HS2 <0 O O
4140 When the values of €), €2 are either a non-numeric or non-

normalized number

|
|
O] O |0

4141 When an operation error occurs — —

LLIWIA'S 81°6
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9.19 swvwmm

Ladder diagram

| Start contact

S.VLMT2 [ | | | | | sviut2 |

@|@H

Structured ladder/FBD Structured text language
S_VLMT2
- =N ENO — ENO:=S_VLMT2(EN,s1,s2,d1,d2);
— st a1 —
— s2 d2 [—
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..3)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Settin Internal devices JiTNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
S) — O —
© — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Limits the varying speed of the output value.

E1(BW)

BB1 1
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Set.Data

(1) Data specified in S.VLMT2 instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
+ Real
0 BW Output value | (-999999 to 999999) % — S
+1 number
BB —
Positive
Block BB1 direction b15 b12 b8 b4 b0
memory restriction B|B
+2 alarm 2 ? BIN S
Negative 16Bit
direction (0: Without alarm)
BB2 - (1: With alarm)
restriction
alarm
0 Positive Real
+ ea
® V1 direction limit | 0 to 999999 %ls 100.0 U
+1 lue number
va
Negative
+2 Real
+3 V2 direction limit | 0 to 999999 %ls number 100.0 U
Operation value
constant Positive
+4 Real
+5 HS1 direction 0 to 999999 % number 0.0 U
hysteresis
+6 Negative Real
+7 HS2 |direction 0 to 999999 % number 0.0 U
hysteresis
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

C¢LNTA'S 616

Processing.contents

(1) The S.VLMT2 instruction performs the following operation.

Condition BW BB1 BB2
. o (E1-BW) > (V1x AT) BW =BW 1 0
Positive direction
When E1 > BW (E1-BW) < (V1x AT - HS1) BW = E1 0 0
Others BW = BW Last value Last value
. o (BW - E1) > (V2x AT) BW = BW 0 1
Negative direction
When E1 < BW (BW - E1) < (V2x AT - HS2) BW = E1 0 0
Others BW = BW Last value Last value
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Operation. Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —

4100 When the values of &), & are either a non-numeric or non- O O .
normalized number
When HS1 <0 orHS2 <0 O O O

4140 When the values of €, € are either a non-numeric or non- _ o O
normalized number

4141 When an operation error occurs — — O
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9.20 s.onr2

Ladder diagram

Start contact

S.ONF2 [ I—{s.ONF2|@\|@\®!@}—{

Structured ladder/FBD Structured text language
S_ONF2
] E1N ENdf — ENO:=S_ONF2(EN,s1,s2,53,d1,d2);
— s I
— s2 d2 —
— s3
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..2)
® : When set value (E2) is used: Set value start device : Real data type
When set value (E2) is not used: Dummy device
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices JIE
- R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
S) — O _
69 — O —
® — O —
©
— O — ©
o
© | — O - 2
. . o . o]
*1 Special register SD1506 can be specified as a dummy device. %
N

Performs 2-position ON/OFF control (ON/OFF of one contact) when the specified control cycle is reached.

Also performs SV setting processing, tracking processing, MV compensation and MV output processing at this time.

175



| S.ONF2

Block d

The processing block diagram of the S.ONF2 instruction is shown below.

lagram

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RL, RH HSO | DV MV
E1
(1) 2) ®) ¥ (4)
E2
SV setting Tracking MV
fJVSV:;)n processing processing compensation MV output

®)

v

2-position
ON/OFF
control

L —»

v

MAN, CMB, CMV, LCM

Other than MAN, CMB, CMV, LCM

) When in control
cycle
cT Control cycle
judgment
RUN(SPA=0) When not in control
©) ! cycle
Loop STOP(SPA=1) Mode
-Stgp t judgment
judgmen
A
I
|
|
; (®)
SPA T Last BW
Loop stop
MODE - ——————______MANJ processing
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Set.Data

(1) Data specified in S.ONF2 instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Real
Input data ©+0 E1 Input value -999999 to 999999 % — S/U
+1 number
Real
©+0 BW Output value | (-999999 to 999999) % — S
+1 number
BB —
Block b15 b12 b8 b4 b0
B
memory
+2 Operation ? BIN
BB1 — ) — S
result 16bit
(0: |BW|<50%)
(1: IBW|=509%)
Operation 0: Reverse operation BIN
@+0| PN i — . 0 U
mode 1: Forward operation 16bit
. . 0: Without tracking BIN
+1 TRK | Tracking bit ) ] — ) 0 U
1: With tracking 16bit
Oto3
b15 b12 b8 b4 b0
Operation
constant
Set val BIN
+2| SVPTN | 2° VEUe — |77 3 u
pattern 16bit
——
Set value pattern™ Set value used?
0: E2 is upper loop MV. 0: E2 is used.
1: E2 is not upper loop MV.  1: E2 is not used.
0 to FFFFy
©
Operation b15 b12 b8 b4 b0 BIN N
®@+1| MODE clclclclclcla[m[LTL]L — . 8y Sy
mode s|mlc|a|m|alulalc|c|c 16bit »
V| V|B|B|B|S|T|N|C|A|M @)
zZ
N
Loop 0 to FFFFy
tag
. b15 b12 b8 b4 b0
memory 4 s
Alarm P BIN
+3| ALM ) A — . 40004 S/U
detection 16bit
SPA
0: Loop RUN
1: Loop STOP
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Specify whether the set value (E2) is to be used or not.
*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
*4 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
0 to FFFFy
b15 b12 b8 b4 b0
Alarm ;
4| INH | detection A BIN 0 SIU
+ —
@ i F 16Bit H
il TRKF
(0: Without tracking)
(1: With tracking)
+12 Manipulated Real
MV -10 to 110 % 0.0 S/U
+13 value number
+14 Real
SV Set value RL to RH — 0.0 u
Loop tag +15 number
memory +16 -, Real
9 17 DV Deviation (-110 to 110) % number 0.0 S
+18 X Real
HSO Hysteresis 0 to 999999 — 0.0 U
+19 number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 u
+23 L number
limit
24 Engineering Real
RL value lower -999999 to 999999 — 0.0 U
+25 . number
limit
+46 CT Control cycle |0 to 999999 N h CT < 5 Real 1.0 U
+47 y to ote that AT = 32767 number '
Loop tag +96
past value
. — — Used by the system as a work area. — — — S
memory 2 +97
*3
Real
Setvalue | &+0| g5 Igetvalue -10to 110 % 0.0 S
4 +1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description

© +96 | Control cycle counter initial preset flag

+97 | Control cycle counter’®

When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The control cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

178



S.ONF2

Processing.contents

(1)

@)

SV setting processing

Either of the following processings is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is performed with the following expression
and then "(2) Tracking processing" is performed.

_RH-RL

SVn xE2+RL

2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value
conversion being performed.
(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking
processing" is performed.
Tracking processing
(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to
calculate SVn'.

SVi'= 100

= RH_RL X(SVa—RL)

(b) When all of the following conditions hold, tracking processing is performed.
1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.
E2 =Svn'
(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm
detection inhibition (INH) in the upper loop turns to 1.
MV compensation
After the deviation (DV) is calculated from the input value (E1) and the set value after tracking processing (SVn'), the MV
compensation value (MV') is calculated.

¢4dNO'S 0¢'6

(a) Calculation of deviation (DV)
The deviation (DV) is calculated under the following condition.
Condition DV
Forward operation (PN = 1) E1-Svn'
Reverse operation (PN = 0) Svn'-E1

(b) Calculation of MV compensation value (MV')
The MV compensation value (MV')is calculated under the following condition.

Condition Mv*
DV > HSO 100%
DV < - HSO 0%
- HS0 <DV < HSO Last value (BW value)
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(4) MV output
The manipulated value (MV(BW)) is calculated under the following condition.

Condition BW
CMV, MAN, CMB, LCM BW = MVn
BW = MV'
CSV, CCB, CAB, CAS, AUT, LCC, LCA
MVn = BW

(5) 2-position ON/OFF control
BB1 of BB is output under the following condition.

Condition BB1
[BW| > 50% 1
|BW| < 50% 0

(6) Loop stop processing

(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.

A loop stop performs the following processing and terminates the S.ONF2 instruction.

1)

BW and BB1 retain the last values.

2) The operation mode (MODE) is changed to MAN.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.

A loop run performs "(7) Control cycle judgment".

(7) Control cycle judgment

(a) If the specified control cycle is not reached
1) When the operation mode (MODE) is any of CSV, CCB, CAB, CAS, AUT, LCC and LCA, BW is retained and the

S.ONF2 instruction is terminated.

2) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM, BW is made equal to MV and the
processing of "(5) 2-position ON/OFF control" is performed.

(b) If the specified control cycle is reached, "(1) SV setting processing" is performed.

Operation.Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —
When the values of @ @ are either a non-numeric or non- O O o

4100 normalized number
When CT < 0 or the execution cycle (SD1500) < 0 O O O
When HSO < -HS0 O O O

4140 When the values of @ @ are either a non-numeric or non- _ _ O
normalized number

4141 When an operation error occurs — — O
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9.21 S.ONF3

Ladder diagram

Start contact

S.ONF3 [ I—iS-ONFsl@\I@\!@}—i

Structured ladder/FBD Structured text language
S_ONF3
] E1N ENdf — ENO:=S_ONF3(EN,s1,s2,53,d1,d2);
— s I
— s2 d2 —
— s3
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..2)
® : When set value (E2) is used: Set value start device : Real data type
When set value (E2) is not used: Dummy device
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Setting Internal devices JIE
- R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
S) — O _
69 — O —
® — O —
©
— O — ©
© | — O - 2
. . o . o]
*1 Special register SD1506 can be specified as a dummy device. %
w

Performs 3-position ON/OFF control (ON/OFF of two contact) when the specified control cycle is reached.

Also performs SV setting processing, tracking processing, MV compensation and MV output processing at this time.
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Block diagram

The processing block diagram of the S.ONF3 instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RL, RH HSO | HS1 | DV MV
E1
@ @ Gy @)
E2
SV setting Tracking MV >
EIVSV:;n processing processing compensation MV output -
i (5)
(7) When in control
cycle 3-position =
cT » Control cycle —>  ON/OFF >
judgment control >
RUN(SPA=0) When not in control
(6) cycle
MAN, CMB, CMV, LCM
Loop STOP(SPA=1) Mode
.Stgp t judgment
judgmen
* Other than MAN, CMB, CMV, LCM
I
I
I
] (6)
SPA T Last BW
Loop stop
MODE - ——————_______MAN| processing
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Set.Data

(1) Data specified in S.ONF3 instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
+ Real
0 BW Output value | (-999999 to 999999) % — S
+1 number
BB —
b15 b12 b8 b4 b0
Operation B|B
BB1 result 2 ?
Block .
memo
v +2 BIN
_ ] _ S
16bit
Operation Output value BB2 BB1
BB2 BW<25% 1
result
25%<BW<75%
BW>75% 0 1
Operation 0: Reverse operation BIN
6+0 PN ) — ) 0 U
mode 1: Forward operation 16bit
. . 0: Without tracking BIN
+1 TRK | Tracking bit . . — . 0 U
1: With tracking 16bit
Oto3
b15 b12 b8 b4 b0
Operation
constant
Set val BIN
+2| SVPTN | 2O VEUe — |77 3 u ©
pattern 16bit N
— »
Set value pattern” Set value used™ >
0: E2 is upper loop MV. 0: E2 is used. a
1: E2 is not upper loop MV.  1: E2 is not used.
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
®@+1| MODE clclclclelcla[mlL]L]L — . 8h S/J
mode s|m/c|am|Aalula|c|c|c 16bit
V| Vv|B|B|B|S|T|N|C|A|M
Loop tag 0 to FFFFy
memory "4 b15 . b12 b8 b4 b0
Alarm P BIN
+3| ALM ) A — ) 4000y S/U
detection 16bit
SPA
0: Loop RUN
1: Loop STOP
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Specify whether the set value (E2) is to be used or not.
*3 Specify whether the MV of the upper loop is to be used or not as the set value (E2).
*4 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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.- o o . Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
0 to FFFFy
b15 b12 b8 b4 b0
Alarm ;
4| INH |detection F BIN 0 SIu
+ —
e i F 16Bit H
thie TRKF
(0: Without tracking)
(1: With tracking)
+12 Manipulated Real
MV -10 to 110 % 0.0 S/U
+13 value number
+14 Real
SV Set value RL to RH — 0.0 u
+15 number
Loop tag +16 o ., |Real
memory 17 DV Deviation (-110 to 110) %o number 0.0 S
*2
+18 . Real
HSO Hysteresis 0 0 to 999999 — 0.0 U
+19 number
+20 ) Real
HS1 Hysteresis 1 0 to 999999 — 0.0 U
+21 number
Enai -
+29 ngineering Real
RH value upper -999999 to 999999 — 100.0 U
+23 . number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 u
+25 . number
limit
+46 CT Real
CT Control cycl 0t0 999999 Note that ~_ < 1.0 u
+47 ontrol cycle (o} ote tha ATS 32767 s number
Loop tag +96
past value
. — — Used by the system as a work area. — — — S
memory +97
*3
Real
Setvalue | &*0| £y Isetvalue -10to 110 % 0.0 u
g +1 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position Description
© +96 | Control cycle counter initial preset flag
+97 | Control cycle counter™®
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The set value (E2) becomes valid when the set value pattern (SVPTN) is set to "E2 is used".
When using the MV of the upper loop as the set value (E2), specify the device where the manipulated value (MV) of the upper
loop is set (offset + 12: MV).
When not using E2 as the set value, make sure to specify a dummy device.
(Special register SD1506 can be specified as a dummy device.)
*5 The control cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
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Processing.contents

(1) SV setting processing

Either of the following processings is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of CAS, CCB and CSV
1) When the set value (E2) is specified, engineering value conversion is performed with the following expression
and then "(2) Tracking processing" is performed.

_RH-RL

SVn XE2+RL

2) When the set value (E2) is not specified, "(2) Tracking processing" is performed without the engineering value
conversion being performed.
(b) When the operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC, "(2) Tracking
processing" is performed.
(2) Tracking processing
(a) The set value (SV) is converted reversely from the engineering value with the following operation expression to
calculate SVn'.

_ 100 _
SVi'= gpi—rp X (SV—RL)

(b) When all of the following conditions hold, tracking processing is performed.
1) The tracking bit (TRK) of the operation constant is 1.
2) The set value (E2) is used.
3) The operation mode (MODE) is any of MAN, AUT, CMV, CMB, CAB, LCM, LCA and LCC.
E2 =Svn'
(c) When the set value (E2) is the manipulated value (MV) of the upper loop, the tracking flag (TRKF) of the alarm
detection inhibition (INH) in the upper loop turns to 1.

(3) MV compensation

After the deviation (DV) is calculated from the input value (E1) and the set value after tracking processing (SVn'), the MV ©
compensation value (MV') is calculated. ;
(a) Calculation of deviation (DV) Q
The deviation (DV) is calculated under the following condition. 3
Condition DV
Forward operation (PN = 1) E1-Svn'
Reverse operation (PN = 0) Svn' - E1

(b) Calculation of MV compensation value (MV')
The MV compensation value (MV')is calculated under the following condition.

Condition Mv*
DV > (HS1 + HS0) 100%
DV < - (HS1 + HSO0) 0%
(-HS1+HS0) <DV < (HS1 - HS0) 50%
Other than above Last value (BW value)

(4) MV output

The manipulated value (MV(BW)) is calculated under the following condition.
Condition BW

CMV, MAN, CMB, LCM BW = MVn

BW = MV'

MVn = BW

CSV, CCB, CAB, CAS, AUT, LCC, LCA
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(5) 3-position ON/OFF control
BB1 and BB2 of BB are output under the following condition.

Condition BB1 BB2
BW > 75% 1 0
25% < BW < 75% 0 0
BW < 25% 0

(6) Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.ONF3 instruction.
1) BW, BB1 and BB2 retain the last values.
2) The operation mode (MODE) is changed to MAN.
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(7) Control cycle judgment".
(7) Control cycle judgment
(a) If the specified control cycle is not reached
1) When the operation mode (MODE) is any of CSV, CCB, CAB, CAS, AUT, LCC and LCA, BW is retained and the
S.ONF3 instruction is terminated.
2) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM, BW is made equal to MV and the
processing of "(5) 3-position ON/OFF control" is performed.
(b) If the specified control cycle is reached, "(1) SV setting processing" is performed.

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs

When HSO0 <0

When the values of @ @ are either a non-numeric or non-
4100 normalized number

When CT < 0 or the execution cycle (SD1500) <0

When (HS1 + HS0) < 0

O|O0|0| O |O|O
o000} O |00

When HS1 <0

4140 When the values of @ @ are either a non-numeric or non-
normalized number

When an operation error occurs — —
4141

|
|
Ol0] O |O|0]|0

When HS0 <0 — —
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9.22 sDBND

Ladder diagram
| Start contact
S.DBND [ | | | soBND | 6D | [ @ ] }—{
Structured ladder/FBD Structured text language
S_DBND
-1 = ENO 1= ENO:=S_DBND(EN,s1,s2,d1,d2);
— st a1 —
— s2 d2 [—
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Dummy device™! : Real data type
Settin Internal devices JIE
g R, ZR UG Zn Constant | Other
data Bit Word Bit Word
S) — O —
— O _
® - o —
© — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Provides a dead band and performs output processing.

D1: Dead band upper limit
D2: Dead band lower limit

Input E1

BB1 1 T
0

187

anNgas ¢ce




| S.DBND

Set.Data

(1) Data specified in S.DBND instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Input Real
P ©+0 E1 Input value -999999 to 999999 % — U
data +1 number
Real
©+0 BW Output value | (999999 to 999999) % — S
+1 number
BB —
Block b15 b12 b8 b4 b0
memory g
+2 Dead band 1 BIN
BB1 ) — ) — S
action 16bit
(0: Outside the dead band range)
(1: Within the dead band range)
Dead band Real
) ©+0 D1 . -999999 to 999999 — 100.0 u
Operation +1 upper limit number
constant +2 Dead band Real
D2 o -999999 to 999999 — 0 u
+3 lower limit number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
Processing.contents
(1) The S.DBND instruction performs the following processing.
Condition BW BB1
D2 <E1<D1 @ 1
(E1 <D2)or (E1>D1) E1 0
Operation.Error
In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of €), € are either a non-numeric or non-
) O O -
normalized number
4140 When the values of &, & are either a non-numeric or non- _ _ O
normalized number
4141 When an operation error occurs — — O
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9.23 spGs

Ladder diagram
| Start contact
S.PGS [ | 1| | spes | & | @ | @ [ @ }—{
Structured ladder/FBD Structured text language
S_PGS
— EN ENO — ENO:=S_PGS(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Dummy device : Real data type
) : Dummy device™’ : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
: Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JIGNTE
J : R, ZR - UG Zn Constant | Other
data Bit Word Bit Word
& — O —
— O _
® — O —
— O _
*1 Special register SD1506 can be specified as a dummy device.
Function

Provides a control output according to the SV and MV pattern.

As the output types of the S.PGS instruction, there are three types of the "hold type", "return type" and "cyclic type".

* Hold type : Output is provided with the SV10 value held.

» Return type : The set value (SV) is set to 0 and the last value is output as the manipulated value (MV).

« Cyclic type : After SV1 to SV10 have been processed, processing is restarted from SV1 and the output is provided.

MVpaGs

MVs, MV6 [ ---------------4

MV3, MV4  F----- -
MV7,MVs [~~~ """/~~~ """

MV1, MV2

MVo, MV1o[ =~~~ "1~~~

i ] )
| | |
- - -

SV1 SV2 SV3 SV4SVs SVe Sv7 SVs SVo SV1o
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Block diagram

The processing block diagram of the S.PGS instruction is shown below.

(The numerals (2) to (5) in the diagram indicate the order of the processing.)

ML, MH

®)

MV, MV1 to SV, SV1 to
MV16 SV16 TYPE |MVpas
| N
() “)
MV pas
SV count-up Operation
RUN(SPA=0)
PTNO.
(2)
.| | Loop stop
*!| judgment || STOP(SPA=1)
SPA
«——————— —— —
MHA (—————— |
|
MLA  RTTTTTLTTTC
|
[
MODE ., ! "
I I
| \______AIOFF] Loopstop
o __MaN_ ] processing

Last BW

v

Output
processing

v

OR

All OFF

v

-»
— >

-»>
-»
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Set.Data

(1) Data specified in S.PGS instruction

. Standard | Set
Specified position | Symbol Name Recommended range ! ] = by
©+0
] BW Output value | (-999999 to 999999) % | Real number — S
+
BB —
Block BB1 |Alarm b15 b12 b8 b4 b0
B|B|B
memory B|B|B
+2 Output upper 3|21 BIN
BB2 | . — . — S
limit alarm 16bit
(0: Without alarm)
BB3 Output lower (1: With alarm)
limit alarm
0 to FFFFy
Operati b15 b12 b8 b4 b0 BIN
®+1| MODE peration clclc|clcic|Aa[M|L|L|L — . 81 S/U
mode S|M[C|A|M|A|U|A|C|C|C 16bit
V| V|B|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
MM
P H|L
3 AM Alarm. A AlA - BIN. 40004 S/U
detection 16bit
SPA MHA, MLA
0: Loop RUN (0: Without alarm)
1: Loop STOP (1: With alarm)
0 to FFFFy
Al b15 b12 b8 b4 b0
arm
+4| INH | detection E M '\Ifl BIN 0 S/U
Loop tag detecton ; i 16bit H ©
*2 N
memory 0: Alarm enable 3
1: Alarm inhibit o
@
Number of 2
operation BIN
+10| PTNO 0to 16 — ) 0 U
constant 16bit
polygon points
+12 Manipulated Real
MV P 100 110 % 0.0 SIU
+13 value number
+14 Real
SV Set value 0 to 999999 s 0.0 S/U
+15 number
0: Hold type operation
Operation (When operation mode is AUT or CAB) BIN
+16| TYPE ) — ) 0 U
type 1: Return type operation 16bit
(When operation mode is AUT or CAB)
+18 Output upper Real
MH . -10 to 110 % 100.0 U
+19 limit value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
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. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
+20 Output lower Real
ML . -10 to 110 % 0.0 u
+21 limit value number
+22 . .
Sv1 Setting time 1
+23
- Real
: : 0 to 999999 s 0.0 u
Loop tag 52 Setting ti number
+ etting time
” sV16 9
memory +53 16
+54 MV Setting output
+55 1
Real
: : -10 to 110 % 0.0 u
number
+84 Setting output
MV16
+85 16
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)

(2) Execution cycle (AT)

Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) Output type

The output type is determined by the combination of the operation mode (MODE) and operation type (TYPE) as

indicated below.

Operation mode (MODE)

Operation type (TYPE)

Operation

MAN, CMB, CMV, LCM, LCA, LCC

Operation stopped at current SV and MV

AUT, CAB

0

Hold type operation

Return type operation

CAS, CCB, CSV

Cyclic type operation

(2) Loop stop processing

(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.PGS instruction.

1) BW retains the last value.

2) MHA and MLA of the alarm detection (ALM) are turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 to BB3 of BB are turned to 0.

(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(3) SV count-up processing".
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(3) SV count-up processing
SV count-up is performed with the following expression in each execution cycle.
SV'=SV + AT

(4) MVPGS operation

Type Hold Return Cyclic
Mode AUT, CAB CAS, CCB, CSV
SV < SW1 MV1
MVPGS
operation SVn-1< SV < SVn MVn - MVn-1 Q. i
SVn- SV x (SV’ - SVn-1) + MVn-1
Mode change MAN MAN Not moved
SV Last value 0 0
Processing when MV Last value Last value MV1
SV'> SVn After SV is set, mode .
) Mode is changed .
Restart method is changed from Automatic restart
from MAN to AUT.
MAN to AUT.

(5) Output processing

Manual Automatic
Condition MAN, CMB, CMV, LCM, LCA, LCC AUT, CAB, CAS, CCB, CSV
BW BB2, MHA | BB3, MLA BW BB2, MHA BB3, MLA
MVpGs > MH MVn 0 0 MVn = MH 1 0
MVpGs < ML MVn 0 0 MVn = ML 0 172
Others MVn 0 0 MVn = MVPGs 0 0

*1 When MHI or ERRI in the alarm detection inhibition (INH) is set to 1, MHA and BB2 show 0 since the alarm is prohibited.
*2 When MLI or ERRI in the alarm detection inhibition (INH) is set to 1, MLA and BB3 show 0 since the alarm is prohibited.

Operation.Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

©
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU N
When an operation error occurs O O — »
9
4100 When the value of ©2 is either a non-numeric or non- O 0O _ 8
normalized number
When PTNO < 0 or 16 < PTNO O O O
4140 When the value of ©2) is either a non-numeric or non- o o O
normalized number
4141 When an operation error occurs — — O
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9.24 s.sEL

Ladder diagram

Start contact

SSEL L |—{S.SEL|@‘|@‘@’@}—{

Structured ladder/FBD Structured text language
S_SEL
] E1N ENd? — ENO:=S_SEL(EN,s1,s2,d1,d2);
— s -
— s2 d2 —
—{ s3
Input argument EN : Execution condition : Bit
S) : Input data 1 start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..5)
() : Input data 2 start device : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
© : Loop tag memory start device : Array of any 16-bit data (0..127)
Settin Internal devices JETA R
g - R, ZR - UINGEE Zn Constant | Other
data Bit Word Bit Word
B - O -
® - O -
& — O —
©2 — O _
® - O —

Function

Provides an output in the specified mode (automatic mode/manual mode).

+ In the automatic mode, the input value 1 (E1) or input value 2 (E2) selected by the selection signal (e1) is output.

* In the manual mode, the manipulated value (MV) is output.
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Block diagram

The processing block diagram of the S. SEL instruction is shown below.

(The numerals (1) to (7) in the diagram indicate the order of the processing.)

RH, RL SLNO [PV, PV1 to PV2 RH, RL NMAX, NMIN INH MV TRK
el
(1) 2 ®3) 4) v
E1 Engineering E1/E2. Change rate, Alarm output
value selection Mode check upper/lower :
E2 . ; F processing
conversion processing limiter
MAN o like I |
I
(3) Y - - ®) y (6)
T Output .
— ' . »| Tracking >
RUN(SPA=0) Alarm clear : g g(r)g(\:/:sr::gg processing BW
|
1) | |
— | |
Loop STOP(SPA—1) | |
stop AlOFF ¢~ ———F—|—T—F-—————mm— - ————— > ooy
judgment | : _________ R R
I Lo
| L, OR [l
T I , >
I : \ X e !
SPA [ | . . '
! | v ' :
P ] ! A :
MHA D — 1 | , . , ¢--|-» -
———————————— +to———— - ——»
I _T_ ' ! *---»
MLA “--9 Il Ak D P e BB3
e T 4 | T T
‘___+ + ------------ - - ------- 1---->BB4
DMLA ¢—— — e ] ! :
I ) ‘
| |
—_ | |
MopE  [*T7 (AMOFF _____ Loop stop . ©
ivan T processing | _ AIOFF : N
»
()
m
—
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Set.Data

(1) Data specified in S. SEL instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Input data Real
P ©+0 E1 Input value 1 -999999 to 999999 % — U
1 +1 number
Real
©+0 BW Output value | (-999999 to 999999) — — S
+1 number
BB —
BB1 |Alarm
Block b15 b12 b8 b4 b0
B|B|[B|B
memory 2 BB2 l(.)u.ttpult upper B|B|B|B
imit alarm 4|3(2]1 — | BIN 16bit . s
Output lower ]
BB3 limit al (0: Without alarm)
imit afarm (1: With alarm)
Outputchange
BB4
rate alarm
Output
®+0 ) Real
NMAX | conversion -999999 to 999999 — 100.0 U
+1 . number
upper limit
Output
+2 . Real
NMIN | conversion -999999 to 999999 — 0.0 U
+3 L number
lower limit
. . 0: Without tracking .
+4| TRK | Tracking bit ) ] — | BIN 16it 0 u
1: With tracking
b15 b0
Operation
constant Input value selection 2
0: E1
1: E2
*3
+5| SVPTN Set value Input value 1 (E1) used — | BIN 16bit 1E U
pattern 0: Used
1: Not used
L Input value 2 (E2) used *
0: Used
1: Not used
Input value 1 (E1) pattern s
0: E1 is upper loop MV
1: E1is not upper loop MV
Input value 2 (E2) pattern 6
0: E2 is upper loop MV
1: E2 is not upper loop MV
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 Select E1 or E2 for the input value.
*3 Specify whether the input value 1 (E1) is to be used or not.

*4 Specify whether the input value 2 (E2) is to be used or not.
*5 Specify whether the MV of the upper loop is to be used or not as the input value 1 (E1).
*6 Specify whether the MV of the upper loop is to be used or not as the input value 2 (E2).
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. Standard | Set
Specified position | Symbol Name Recommended range ! Lk Rt by
0 to FFFFy
Operation b15 b12 b8 b4 b0 .
®@+1| MODE clclclclclclalmlL]L]L — | BIN 16bit 84 S/U
mode s|mlc|alm|alulalc|c|c
V| v|B|B|B|S|T|N|C|A|M
0 to FFFFy
b15 b12 b8 b4 b0
s Bl MM
Alarm P N BIN
+3| ALM _ A A AAL | — _ 40004 | S/U
detection 16bit
SPA DMLA, MHA, MLA
0: Loop RUN (0: Without alarm)
1: Loop STOP (1: With alarm)
0to FFFFy
b15 b12 b8 b4 b0
Alarm E D M| M
. R M HlL BIN
+4| INH |detection R L i — ) 04 S/U
- | I 16bit
inhibition
0: Alarm enable
1: Alarm inhibit
+10 Selection Real
PV RL to RH — 0.0 S
+11 value number
+12 Manipulated Real
MV -10 to 110 % 0.0 S/U
+13 value number
Loop tag +14 PV Process value RL to RH . Real 0.0 S
v +15 1 number
memory +16 Process value Real
PV2 RL to RH — 0.0 S
+17 2 number
+18 Output Real
MH | o PUEPPET 406 110 % | oo 100.0 u
+19 limit value number
+20 Output lower Real
ML . -10 to 110 % 0.0 U
+21 limit value number
Engineering
+22 Real
RH value upper -999999 to 999999 — 100.0 U
+23 L number
limit
Engineering
+24 Real
RL value lower -999999 to 999999 — 0.0 U
+25 L number
limit
b15 b0
|
. BIN
+26 SLNO Selection No. Input value 1 (E1) —_— 16bit 0 S
0: Not selected
1: Selected
Input value 2 (E2)
0: Not selected
1: Selected
+48 Outputchange Real
DML . 0to 100 % 100.0 U
+49 rate limit value number
Input data Real
P ©+0 E2 Input value 2 | -999999 to 999999 % 0.0 U
2 +1 number
*1 The data of the item where the recommended range values are indicated within the parentheses is stored by the system. The
user cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for

details.)
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Processing.contents

(1) Engineering value conversion
Engineering value conversion is performed with the following expression.

pv,=RH=RL c +RL
100

(2) Input value 1 (E1) or input value 2 (E2) selection processing
Whether the input value 1 (E1) or input value 2 (E2) will be used is selected depending on the e1 setting of the set value
pattern (SVPTN).
« e1=0: Input value 1 (E1) is used PV = PV1
* e1=1:Input value 2 (E2) is used PV = PV2
SLNO: The bit corresponding to the input value 1 (E1) or input value 2 (E2) is turned to 1.
(3) Mode check
The following processing is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM
1) "(5) Output conversion processing" is performed.
2) MHA, MLA and DMLA of the alarm detection (ALM) are turned to 0.
3) BB1 to BB4 of BB are turned to 0.
(b) When the operation mode (MODE) is any of AUT, CAB, CAS, CCB, CSV, LCAand LCC
1) Engineering value reverse conversion is performed with the following expression.

100
RH-RL

T= x (PV-RL)

2) "(4) Change rate, upper/lower limiter" is performed.
(4) Change rate, upper/lower limiter
Change rate and upper/lower limit value checks are performed on the input value 1 (E1) or input value 2 (E2).
(a) Change rate limiter

Condition T BB4, DMLA
[T - MVn| < DML T=T 0
(T - MVn) > DML T'= MVn + DML 1
(T -MVn) < - DML T'= MVn - DML 171

*1 When DMLI or ERRI in the alarm detection inhibition (INH) is set to 1, DMLA and BB4 show 0 since the alarm is inhibited.
(b) Upper/lower limiter

Condition Mv BB2, MHA BB3, MLA
T >MH MVn = MH 172 0
T <ML MVn = ML 0 173
ML<T'<MH MVn=T" 0 0

*2 When MHI or ERRI in the alarm detection inhibition (INH) is set to 1, MHA and BB2 show 0 since the alarm is inhibited.
*3 When MLI or ERRI in the alarm detection inhibition (INH) is set to 1, MLA and BB3 show 0 since the alarm is inhibited.
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(5) Output conversion processing
Engineering value conversion is performed with the following expression.

—_NMAX—NMIN

BW 100

X MVna+NMIN

(6) Tracking processing
(@) When all of the following conditions hold, the operation result is output to the input value 1 (E1) or input value 2
(E2).
1) The operation mode (MODE) is any of MAN, CMB, CMV and LCM.
2) The tracking bit (TRK) is 1.

En = MVn
(b) When all of the following conditions hold, the operation result is output to the input value 1 (E1) or input value 2
(E2).

1) The operation mode (MODE) is any of AUT, CAS, CAB, CCB, CSV, LCA and LCC.
2) The tracking bit (TRK) is 1.
3) BB1ofBBis 1
En =MVn
(7) Loop stop processing

(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S.SEL instruction.
1) BW retains the last value.
2) DMLA, MHA and MLA of the alarm detection (ALM) are turned to 0.
3) The operation mode (MODE) is changed to MAN.
4) BB1 to BB4 of BB are turned to 0.

(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(1) Engineering value conversion ".

Operation Error

©
[N
£
In the following cases, the error flag (SM0) turns ON and the error code is stored in SDO. »
[%2]
m
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of @ , @ are either a non-numeric or O O _
non-normalized number
4140 When the values of €9, 09, €2, ©2 are either a non-numeric or _ _ O
non-normalized number
4141 When an operation error occurs — — O
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9.25 sBuwp

Ladder diagram
| Start contact
| | [
S.BUMP [T] | || [ seuwp | © | @ | @ }—‘
Structured ladder/FBD Structured text language
S_BUMP
- =N ENO — ENO:=S_BUMP(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
) : Input data start device : Array of any 16-bit data (0..4)
(&) : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
© : Local work memory start device : Array of real data type (0..1)
Settin Internal devices JiTNE
g - R, ZR - UI\GEE Zn Constant | Other
data Bit Word Bit Word
@ — O —
© — O —
® — O —
©2 — O —
Function

Brings the output value (BW) closer to the output set value (E1) from the output control value (E2) at the fixed rate when the
operation mode is switched from the manual mode to the automatic mode.

Brings the output value (BW) closer to the output set value (E1) with a primary delay when the output value (BW) falls within
the range specified as the delay zone (a) relative to the output set value (E1).
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S.BUMP

Set.Data

(1) Data specified in S. BUMP instruction

N Standard | Set
Specified position | Symbol Name Recommended range ! Lk Rt by
Output set Real
9+0 E1 P -999999 to 999999 % — U
+1 value number
+2 Output control Real
E2 -999999 to 999999 % — U
Input data +3 value number
Mode
o 0: Manual mode BIN
+4 el switching . — . — U
. 1: Automatic mode 16Bit
signal
Block ©+0 Real
BW Output value | (-999999 to 999999) % — S
memory +1 number
+0 . Real
. T Delay time 0 to 999999 s 1.0 U
Operation +1 number
constant +2 Real
a Delay zone 0 to 999999 % 1.0 U
+3 number
@40 Initial
+
@ Xq deviation
Local work +1 Real
* value Used by the system as a work area. — 1.0 S
memory 2 number
Xp Deviation
+3
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) Either of the following processings is performed depending on the mode select signal (e1) setting of the input data.
(a) Inthe manual mode (e1 = 0), the output value (BW), initial deviation value (Xg) and deviation (Xp) are calculated
with the following expressions.
* BW = output control value (E2)
» Xq = output control value (E2) - output set value (E1)
« Xp = output control value (E2) - output set value (E1)

(b) In the automatic mode (e1 = 1), the output value is calculated with the following expression.

Condition IXp| > a IXp| <a
A T
xp Xp=Xp— ?T Xq Xp= TEAT Xp'
BW =E1 + Xp BW = E1 + Xp
BW On the assumption that |Xp| = ATTIXqI On the assumption that [Xp| < 10
- BW=E1 "BW=ET
« Xp=Xp' * Xp = Xp

However, when T < AT in the automatic mode, BW = E1, Xp = Xp'
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Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs @) O —

4100 When the values of @ @ are either a non-numeric or

non-normalized number

O O -

4140 When the values of @ @ are either a non-numeric or _ o O

non-normalized number

4141 When an operation error occurs — — O
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9.26 sAMR

Ladder diagram
| Start contact
saMR [ | s [ 9 [ 5 [ & [ & H
Structured ladder/FBD Structured text language
S_AMR
— EN ENO — ENO:=S_AMR(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
& : Input data start device : Array of any 16-bit data (0..6)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
() : Dummy device'! : Real data type
Settin Internal devices JIE
g - R, ZR . Uii\GE Zn Constant | Other
data Bit Word Bit Word
S) — O —
— O _
® — O —
© — O —
*1 Special register SD1506 can be specified as a dummy device. S
N
(o)}
H (]
Function >
Py

Increases or decreases the output value at the fixed rate.

e2=1 e3=1
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Set.Data

(1) Data specified in S.AMR instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
Output Real
©+0 E1 p -999999 to 999999 — — u
+1 addition value number
Output
+2 . Real
E2 subtraction -999999 to 999999 — — U
+3 number
value
+4 Output set Real
E3 -999999 to 999999 — — u
Input +5 value number
data Operation
el | select signal |15 b12 b8 b4 b0
Output 321
| ddi- ignal BIN u
addition signa — —
9 16Bit
Output el e2 e3
. 0: Manual mode 0: Not added 0: Not subtracted
e3 subtraction 1: Automatic mode  1: Added 1: Subtracted
signal
Block ©)+0 Real
BW Output value | (999999 to 999999) — — S
memory +1 number
Output upper Real
_ @01 gy | OutPULUPREN 4 999009 — 1.0 u
Operation +1 limit value number
constant +2 Output lower Real
d2 o 0 to 999999 — 1.0 u
+3 limit value number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.

Processing.contents

(1) Either of the following processings is performed depending on the settings of the operation select signal (e1), output
addition signal (e2) and output subtraction signal (e3).
(a) Inthe manual mode (e1 =0), BW = E3.
(b) Inthe automatic mode (e1 = 1), any of the operations in the following table is performed depending on the settings
of the output addition signal (e2) and output subtraction signal (e3).

e2 e3 BW
1 0 BW =BW + |[E1| x AT

On the assumption that d1< BW: BW = d1
0 1 BW =BW - |E2| x AT

On the assumption that BW < d2: BW = d2
0 0 BW = BW
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Operation. Error

In the following cases, the error flag (SM0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of ), & are either a non-numeric or non-
. O @) -
normalized number
4140 When the values of &, & are either a non-numeric or non- o o O
normalized number
4141 When an operation error occurs — — O

HNV'S 9C'6
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CHAPTER 10 comPENSATION OPERATION

INSTRUCTIONS

10.1 S.FG

Ladder diagram

| Start contact

\@1@@|@H

S.FG | | | | sFG
Structured ladder/FBD Structured text language
S FG
-1 = ENO = ENO:=S_FG(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
() : Operation constant start device : Any 16-bit data
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
© : Local work memory start device : Array of real data type (0..95)
Settin Internal devices JETNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
& — O —
6 — O —
& — O —
@ — O —

In response to the input value (E1), outputs the value following the function generator pattern that consists of n pieces of

polygon points specified as the operation constants.

Output (BW)
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(X1,Y1)

(X2,Y2)

(X3,Y3)
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Input (E1)




S.FG

Set.Data

(1) Data specified in S.FG instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&)+0
Input data ] E1 Input value -999999 to 999999 — Real number — ]
+
Block
©+0 BW Output value | (-999999 to 999999) — Real number — S
memory +1
Operation Number of BIN
+0 SN ) 0to 48 — ) 0 U
constant polygon points 16Bit
©2+0 X1 Polygon point
+1 coordinates
+2 vi Polygon point
+3 coordinates
+4 X2 Polygon point
Local +5 coordinates
work +6 v2 Polygon point | -999999 to 999999 — Real number — U
memory +7 coordinates
+4SN-4 Xn Polygon point
+4SN-3 coordinates
+4SN-2 i Polygon point
+4SN-1 coordinates
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
Processing.contents
(1) The S.FG instruction performs the following operation. —
Condition Output value (BW) o
E1<X1 BW = Y1 »
b
V) @
Xir <E1<Xi(i=2ton) BW=;I__—;I_:11X(E1_Xi—1)+Yi—1
Xn < E1 BW =Yn
(2) When n = 0 there is no processing.
(3) When Xi1 > Xi, the value is cut off to n = i-1 (Data after that is ignored.)
When there are multiple Yi for the same X, the lowest i is selected.
Operation Error
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &, are either a non-numeric or non- O 0O _
normalized number
When (SN < 0) or (SN > 48) O O O
4140 When the values of &, €2 are either a non-numeric or non- o o O
normalized number
4141 When an operation error occurs — — O
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10.2

S.IFG

Ladder diagram

S.IFG

I

| Start contact

S

| [
| || 1 S.IFG

& [ @ [ & H

Structured ladder/FBD

Structured text language

S_IFG
- =N ENO — ENO:=S_IFG(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Real data type
& : Operation constant start device : Any 16-bit data
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
: Local work memory start device : Array of real data type (0..95)
Setting Internal devices
- R, ZR Ui\Gi: Zn Constant | Other
data Bit Word
S — O —
B — O —
© — O —
@ - O —

In response to the input value (E1), outputs the value following the inverse function generator pattern that consists of n pieces

of polygon points specified as the operation constants.

Input (E1)
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S.IFG

Set.Data

(1) Data specified in S.IFG instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&)+0
Input data ] E1 Input value -999999 to 999999 — Real number — ]
+
Block
©+0 BW Output value | (-999999 to 999999) — Real number — S
memory +1
Operation Number of BIN
+0 SN ) 0to 48 — ) 0 U
constant polygon points 16Bit
©2+0 X1 Polygon point
+1 coordinates
+2 vi Polygon point
+3 coordinates
+4 X2 Polygon point
Local +5 coordinates
work +6 v2 Polygon point | -999999 to 999999 — Real number — U
memory +7 coordinates
+4SN-4 Xn Polygon point
+4SN-3 coordinates
+4SN-2 Yn Polygon point
+4SN-1 coordinates
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
Processing.contents
(1) The S.IFG instruction performs the following operation. —
Condition Output value (BW) 2
E1<Y1 BW=X1 »
Xi— Xi 3
Yi-1 <E1<Yi(i=2ton) BW=YI__7YI_:1X(E1_Yi—1)+Xi—1 o
Yn < E1 BW=Xn
(2) When n = 0 there is no processing.
(3) When Yi1 > Yi, the value is cut off to n = i-1 (Data after that is ignored.)
When there are multiple Xi for the same Yi, the lowest i is selected.
Operation Error
In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &, are either a non-numeric or non- O 0 _
normalized number
When (SN < 0) or (SN > 48) O O O
4140 When the values of &, 02 are either a non-numeric or non- o o O
normalized number
4141 When an operation error occurs — — O
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10.3 skt

Ladder diagram

| Start contact

S.FLT | [ | sFT

516 [ & [ 6

Structured ladder/FBD Structured text language
S_FLT
— BN ENO — ENO:=S_FLT(EN,s1,s2,d1,d2);
— s1 dl —
— s2 d2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
& : Operation constant start device : Array of any 16-bit data (0..2)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
© : Local work memory start device : Array of any 16-bit data (0..103)
Settin Internal devices JiTNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
B — O —
B — O —
® — O —
@ - o —

Stores SN pieces of input values (E1) sampled at the data collection intervals (ST) into the dead time table, and outputs the

average of those SN pieces of data.
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S.FLT

Set.Data

(1) Data specified in S.FLT instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&+0 Real
Input data E1 Input value -999999 to 999999 — —_— U
+1 number
+ Real
0 BW | Output value | (-999999 to 999999) — — S
+1 number
BB —
Block b15 b12 b8 b4 b0
B
memo
v +2 Data l13 BIN
BB1 . ) — ) — S
sufficiency bit 16Bit
(0: Data sufficiency)
(1: Data insufficiency)
Data
&+0 ! Real
. ST collection 0 to 999999 s 1.0 U
Operation +1 ) number
interval
constant -
Sampling BIN
+2 SN 0to 48 — ) 0 U
count 16Bit
Last data
Real
-0 ST collection — —_— S
+1 . number
interval
Last sampling BIN
+2| SN — ) — S
count 16Bit
3 : Cycle Used by the system as a work area. BIN s
counter 3 16Bit
Number of BIN
+4 n1 — ) — S
stored data 16Bit
Local
BIN —
work +5 n2 Store — ) — S =)
. 16Bit P
memory 2 6 »
- - - - - - - o
+7 5
+8 1 Dead time
+9 table 1
+10 Dead time
1] 2 liable2 Real
aple Used by the system as a work area. — — S
number
+2SN+6 SN Dead time
+2SN+7 table SN
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The cycle counter rounds off the data to the nearest whole number.

(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
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Processing.contents

(1) The data update cycle is % (The decimal is rounded down.)

(2) The data sufficiency bit (BB1) turns to 0 when the dead time table is filled with SN pieces of data.
It turns to 1 when the dead time table is not filled.

Point/’

» Until the dead time table is filled with data, the average of the data provided until then is output.
» Processed using ST = n x AT. (n is an integral)

Operation. Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

When an operation error occurs O O —
When the values of @ @ are either a non-numeric or O O .
non-normalized number

4100 When (SN < 0) or (SN > 48) O O O
When the execution cycle <0 O O O
When ST <0 O O O

4140 When the values of @ @ are either a non-numeric or _ o O
non-normalized number

4141 When an operation error occurs — — O
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10.4 s.sum

Ladder diagram
| Start contact
|| |
ssum | i ls.SUM@y@@H
Structured ladder/FBD Structured text language
S_SUM
— EN ENO — ENO:=S_SUM(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Array of any 16-bit data (0..2)
& : Operation constant start device : Array of any 16-bit data (0..4)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
: Dummy device™! : Real data type
Settin Internal devices JIE
g R, ZR UG Zn Constant | Other
data Bit Word Bit Word
B — O —
— O —
® — O —
- @) —
*1 Special register SD1506 can be specified as a dummy device. =
IS}
~
. »
Function g
<

Integrates and outputs the input value (E1) when the integration start signal (e1) turns from 0 to 1.
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Set.Data

(1) Data specified in S.SUM instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&+0 Real
E1 Input value -999999 to 999999 — — U
+1 number
e —_—
Input data b15 b12 b8 b4 beO
+2 Integration ! BIN
el ] — . — u
start signal 16Bit
0: Integration not executed
1: Integration executed
Block ©)+0 Real
BW | Output value | (-999999 to 999999) — — S
memory +1 number
Input Real
0| o |meu -999999 to 999999 S 0.0 u
+1 low cut value number
. +2 . Real
Operation A Initial value -999999 to 999999 — 0.0 u
+3 number
constant
1: /Second BIN
+4 | RANGE | Input range 2: /Minute — | 168it 1 U
i
3: /Hour
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as real numbers.
Processing.contents
(1) The S.SUM instruction performs the following processing.
el E1 Output (BW)
0 The initial value (A) of the operation
constant is output.
E1<ILC The last value is output unchanged.
1 AT
E1>ILC BW=E1 x?+LastvaIue
(2) The T value used for the operation changes depending on the input range (RANGE) setting.
* When RANGE =1, T =1
* When RANGE =2, T =60
* When RANGE = 3, T = 3600
Operation.Error
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of €1, ©9, €2 are either a non-numeric or O O _
non-normalized number
When the RANGE setting is other than 1 to 3 O O O
4140 When the values of @ @, @ are either a non-numeric or _ o O
non-normalized number
4141 When an operation error occurs — — O
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10.5 s.1pPC

Ladder diagram
| Start contact
|| |
S.TPC | I | smc | & | | ® | @ }—{
Structured ladder/FBD Structured text language
S_TPC
— EN ENO — ENO:=S_TPC(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Array of any 16-bit data (0..6)
& : Operation constant start device : Array of real data type (0..4)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
: Dummy device™! : Any 16-bit data
Settin Internal devices JIE
g R, ZR UG Zn Constant | Other
data Bit Word Bit Word
B — O —
— O —
® — O —
- @) —
*1 Special register SD1506 can be specified as a dummy device. =
IS}
)
. »
Function %
O

The input value (E1) is subject to temperature/pressure correction (temperature or pressure) and output.
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Set.Data

(1) Data specified in S.TPC instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&)+0 Differential Real
E1 -999999 to 999999 — — u
+1 pressure number
+2 Measurement Real
E2 -999999 to 999999 — — U
+3 temperature number
+4 Measured Real
E3 -999999 to 999999 — — U
+5 pressure number
Input data e —
b15 b12 b8 b4 b0
el |E2useflag ele
+6 2 BIN y
16Bit
e2 |E3useflag 0: Unused
1: Used
Block ©)+0 Real
BW | Output value (-999999 to 999999) — — S
memory +1 number
Design
t tureT' Real
©+0] gyp | 'emPeralireT | 99999 to 999999 °c |0l 0.0 u
+1 (Engineering number
value)
+2 Bias Real
) B1 -999999 to 999999 °C 273.15 U
Operation +3 (Temperature) number
constant Design
+4 pressureP’ Real
PRES ] ) -999999 to 999999 — 0.0 U
+5 (Engineering number
value)
+6 Bias Real
B2 -999999 to 999999 — 10332.0 U
+7 (Pressure) number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) The S.TPC instruction calculates the temperature/pressure correction value with the following expression.
BW=E1xA1 xA2

(2) A1 and A2 use the values calculated with the following expressions.

Input
A1 A2
E2 E3
T +B1 E3+B2
Used Used E2+B1 P'+B2
E3+B2
Not used Used 1.0 P FB2
T +B1
Used Not used E2F+B1 1.0
Not used Not used 1.0 1.0
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Operation. Error

In the following cases, the error flag (SM0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of @ @ are either a non-numeric or non-
. O @) -
normalized number
4140 When the values of €9, €2 are either a non-numeric or non- o o O
normalized number
4141 When an operation error occurs — — O

odl's S0l

217



| SENG

10.6 senG

Ladder diagram

S.ENG | [ | SENG

| Start contact

516 [ & [ 6

Structured ladder/FBD

Structured text language

S_ENG

ENO |—

d1 —

d2 —

ENO:=S_ENG(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
@ : Dummy device'! : Real data type
Settin Internal devices JiTNE
g - R, ZR UI\GEE Zn Constant | Other
data Bit Word Bit Word
B — O —
B — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.

The input value (E1) is output by the engineering conversion.

Input Value (E1)

Output Value (BW)

[%]
100 +
80—
ENG
20
o 4 A
t (RH) (RL)
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S.ENG

Set.Data

(1) Data specified in S.ENG instruction

. Standard | Set
Specified position | Symbol Name Recommended range 1 Unit | Data format
value by
&)+0 Real
Input data E1 Input value -999999 to 999999 % — U
+1 number
Block Real
©+0 BW Output value | (-999999 to 999999) — — S
memory +1 number
Engineering
©®+0 Real
RH value upper -999999 to 999999 — 100.0 U
. +1 L number
Operation limit
constant Engineering
+2 Real
RL value lower -999999 to 999999 — 0.0 U
+3 limit number
imi

*

-

The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.

Processing.contents

(1) The S.ENG instruction performs the following operation.

RH—RL

BW="100

xE1+RL (E1=0to 100%)

Operation Error

In the following cases, the error flag (SM) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &), € are either a non-numeric or non- O O _

normalized number

ON3I'S 901

4140 When the values of ), & are either a non-numeric or non- _ O
normalized number

4141 When an operation error occurs — — O
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10.7

S.IENG

Ladder diagram

SIENG [

| Start contact

——

S.IENG‘@’@|@}—{

Structured ladder/FBD

Structured text language

S_IENG
- =N ENO — ENO:=S_IENG(EN,s1,s2,d1,d2);
— st d1 —
— s2 d2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
@ : Dummy device'! : Real data type
Settin Internal devices JiTNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
B — O —
B — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.

The input value (E1) is converted to % value and output.

Input Value (E1)
[mh]

20
161

Output Value (BW)

5
0
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S.IENG

Set.Data

(1) Data specified in S.IENG instruction

Specified - . Data Standard | Set
" Symbol Name Recommended range Unit
Position format value by
&+0 Real
Input data E1 Input value -999999 to 999999 — — U
+1 number
Block Real
©+0 BW Output value | (-999999 to 999999) % — S
memory +1 number
0 Engineering Real
+
® RH value upper -999999 to 999999 — 100.0 u
. +1 . number
Operation limit
constant + Engineering Real
RL value lower -999999 to 999999 — 0.0 u
+3 limit number
imi

*

-

The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.

Processing.contents

(1) The S.IENG instruction performs the following operation.

100

BW = RH—RL

X (E1—RL) (%)

(2) Make setting to satisfy RH > RL.
(3) If RH <RL, the processing is executed unchanged but engineering value reverse conversion is not performed.
(4) IfRH=RL,BW=0.

Operation. Error

o
In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO. ~
»
m
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU %
When an operation error occurs O O —
4100 When the values of &), € are either a non-numeric or non- O O _

normalized number

4140 When the values of &), € are either a non-numeric or non- O
normalized number

4141 When an operation error occurs — — O
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| S.ADD

CHAPTER 11 ArRITHMETIC OPERATION

INSTRUCTIONS

11.1

S.ADD

Ladder diagram

| Start contact

SADD | | |

S.ADD‘@’@@|@}—{

Structured ladder/FBD Structured text language

S_ADD

-1 = ENO = ENO:=S_ADD(EN,s1,s2,d1,d2);
— si d1 —

— s2 d2 —

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Array of any 16-bit data (0..10)
() : Operation constant start device : Array of any 16-bit data (0..12)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
@ : Dummy device™’ : Real data type
Settin Internal devices JETNE
g - R, ZR . UI\GEE Zn Constant | Other
data Bit Word Bit Word
® — O —
9 — O —
@ - O —
@ — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

The input value (El to En) data is added by attaching a coefficient.
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S.ADD

Set.Data

(1) Data specified in S.ADD instruction

Specification o . Data Standard Set
o Symbol Name Recommended range Unit
position format value by
0 n Input count Oto5 BIN U
+ ut cou — —
& P 16Bit
+1
E1 Input value 1
+2
+3
Input data E2 Input value 2 Real
+4 -999999 to 999999 — — u
- - - number
+2n-1
En Input value n
+2n
Block ©)+0 Real
BW Output value (999999 to 999999) — — S
memory +1 number
0 Number of 0to5 BIN 0 U
+ n (o] —
€ coefficients 16Bit
+1
K1 Coefficient 1
+2
3 K2 Coefficient 2
Operation oetricien Real
P +4 -999999 to 999999 — 1.0 U
constant - - - number
+2n-1 .
Kn Coefficient n
+2n
on+1 ] Real
B Bias -999999 to 999999 — 0.0 U
+2n+2 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

aav's L't

(1) The S.ADD instruction performs the following operation.
BW=(K1xE1)+(K2xE2)...+(KnxEn)+B
(2) Whennis 0, BW =B.

Operation.Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of §), € are either a non-numeric or non- O O _
normalized number
Whennotn=0to 5 O O
4140 When the values of &), € are either a non-numeric or non-

normalized number

|
|
O] O |O

4141 When an operation error occurs — —
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| s.suB

11.2

S.SuB

Ladder diagram

S.SUB

I

| Start contact

|s.sus\@y@|@}_{

Structured ladder/FBD

Structured text language

S suB

ENO |—

d1 —

d2 —

ENO:=S_SUB(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

S) : Input data start device : Array of any 16-bit data (0..10)
& : Operation constant start device : Array of any 16-bit data (0..12)
Output argument ENO : Execution result
: Block memory start device : Real data type
@ : Dummy device! : Real data type
Setting Internal devices
- R, ZR Ui\Gi: Zn Constant | Other
data Bit Word
B — O
B — O
® — O
@ - O
*1 Special register SD1506 can be specified as a dummy device.

The input value (E1 to En) data is subtracted by attaching a coefficient.
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S.SuB

Set.Data

(1) Data specified in S.SUB instruction

Specification o . Data Standard Set
o Symbol Name Recommended range Unit
position format value by
0 n Input count Oto5 BIN U
+ ut cou — —
& P 16Bit
+1
E1 Input value 1
+2
+3
Input data E2 Input value 2 Real
+4 -999999 to 999999 — — u
- - - number
+2n-1
En Input value n
+2n
Block ©)+0 Real
BW Output value (999999 to 999999) — — S
memory +1 number
0 Number of 0to5 BIN 0 U
+ n (o] —
€ coefficients 16Bit
+1
K1 Coefficient 1
+2
3 K2 Coefficient 2
Operation oetricien Real
P +4 -999999 to 999999 — 1.0 U
constant - - - number
+2n-1 .
Kn Coefficient n
+2n
on+1 ] Real
B Bias -999999 to 999999 — 0.0 U
+2n+2 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

ans’'s ¢l

(1) The S.SUB instruction instructs the following operation.
BW=(K1xE1)-(K2xE2)..-(KnxEn)+B
(2) Whennis 0, BW =B.

Operation.Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of §), € are either a non-numeric or non- O O _
normalized number
Whennotn=0to 5 O O
4140 When the values of &), & are either a non-numeric or non-

normalized number

|
|
O] O |O

4141 When an operation error occurs — —
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| s.muL

11.3

S.MUL

Ladder diagram

S.MUL

| Start contact

|s.MUL\@y@|@}_{

Structured ladder/FBD

Structured text language

S_MUL

ENO |—

d1 —

d2 —

ENO:=S_MUL(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Array of any 16-bit data (0..10)
& : Operation constant start device : Array of any 16-bit data (0..12)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
@ : Dummy device! : Real data type
Setting Internal devices
- R, ZR Ui\Gi: Zn Constant | Other
data Bit Word
S — O —
B — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.

The input value (E1 to En) data is multiplied by attaching a coefficient.
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S.MUL

Set.Data

(1) Data specified in S.MUL instruction

Specification o . Data Standard Set
o Symbol Name Recommended range Unit
position format value by
0 n Input count Oto5 BIN U
+ ut cou — —
& P 16Bit
+1
E1 Input value 1
+2
+3
Input data E2 Input value 2 Real
+4 -999999 to 999999 — — u
B - - number
+2n-1
En Input value n
+2n
Block ©+0 Real
BW Output value (999999 to 999999) — — S
memory +1 number
0 Number of 0to5 BIN 0 U
+ n (o] —
€ coefficients 16Bit
+1
K1 Coefficient 1
+2
+3 .
Operation K2 Coefficient 2 Real
+4 -999999 to 999999 — 1.0 U
constant - - - number
+2n-1 .
Kn Coefficient n
+2n
+2n+1 . Real
B Bias -999999 to 999999 — 0.0 U
+2n+2 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) The S.MUL instruction performs the following operation.
BW = (K1 xE1)x (K2xE2) ... x (KnxEn)+B
(2) Whennis 0, BW =B.

INN'S €711

Operation. Error

In the following cases, the error flag (SM0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of €, & are either a non-numeric or non- O O _
normalized number
Whennotn=0to 5 O O
4140 When the values of €), € are either a non-numeric or non-

normalized number

|
|
O] O |O

4141 When an operation error occurs — —
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| s

1.4 sowv

Ladder diagram

| Start contact

S.DIV | [ | sowv

516 [ & [ 6

Structured ladder/FBD Structured text language
S_DIV
- =N ENO — ENO:=S_DIV(EN,s1,s2,d1,d2);
— st a1 —
— s2 d2 [—
Input argument EN : Execution condition : Bit
S) : Input data start device : Array of real data type (0..1)
& : Operation constant start device : Array of real data type (0..5)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
@ : Dummy device'! : Real data type
Setting Internal devices
- R, ZR Ui\Gi: Zn Constant | Other
data Bit Word
B — O —
B — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Divides the input value 1 (E1) by the input value 2 (E2).
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S.DIV

Set.Data

(1) Data specified in S.DIV instruction

Specification o . Data Standard Set
o Symbol Name Recommended range Unit
position format value by
Input value 1 Real
@01 gy |Iputvalied 599999 to 999999 S — u
+1 (Minute) number
Input data
+2 Input value 2 Real
E2 ) -999999 to 999999 — — u
+3 (Denominator) number
Block Real
©+0 BW Output value (999999 to 999999) — — S
memory +1 number
Real
201 A |Coefficient1 | -099999 to 999999 — |0 1.0 u
+1 number
+2 . Real
K1 Coefficient 2 -999999 to 999999 — 1.0 u
+3 number
+4 . Real
. K2 Coefficient 3 -999999 to 999999 — 1.0 u
Operation +5 number
constant +6 Real
B1 Bias 1 -999999 to 999999 — 0.0 u
+7 number
+8 . Real
B2 Bias 2 -999999 to 999999 — 0.0 u
+9 number
+10 . Real
B3 Bias 3 -999999 to 999999 — 0.0 u
+11 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) The S.DIV instruction performs the following operation.

o K1XE1+B1
BW = AX o xEarm2 T B3

(2) When the denominator is 0, BW = B3.

AId'S V'L

Operation Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &), & are either a non-numeric or non-
. O O -
normalized number
4140 When the values of &, & are either a non-numeric or non- _ _ O
normalized number
4141 When an operation error occurs — — O
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| s.saR

11.5

S.SQR

Ladder diagram

S.SQR

| Start contact

|s.SQR\@y@|@}_{

Structured ladder/FBD

Structured text language

S _SQR

ENO |—

d1 —

d2 —

ENO:=S_SQR(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Real data type
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Real data type
@ : Dummy device'! : Real data type
Setting Internal devices
- R, ZR Ui\Gi: Zn Constant | Other
data Bit Word
S — O —
B — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.

The y of input value (EI) is output.

When the input value is negative, 0 is output.
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S.SQR

Set.Data

(1) Data specified in S.SQR instruction

Specification o . Data Standard Set
o Symbol Name Recommended range Unit
position format value by
&+0 Real
Input data E1 Input value 0 to 999999 — — U
+1 number
Block + Real
0 BW Output value (0 to 999999) — — S
memory +1 number
Output low cut Real
_ 201 e P 0 to 999999 — 0.0 u
Operation +1 value number
constant +2 Real
K Coefficient 0 to 999999 — 10.0 U
+3 number
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) The S.SQR instruction performs the following operation.
BW =K x +(ET)

(2) When Kx+(E1) £0LC, BW = 0.
Also, when (E1 < 0), BW = 0.

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O — =
(3]
4100 When the values of &), € are either a non-numeric or non-
. O @) - %
normalized number w
o
4140 When the values of &, & are either a non-numeric or non- o o O Py
normalized number
4141 When an operation error occurs — — O
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| s.ABS

11.6

S.ABS

Ladder diagram

| Start contact

S.ABS | [ | saBs

9o & &

Structured ladder/FBD

Structured text language

S_ABS

— EN ENO |—
— st d1 |—
— 2 d2 |—

ENO:=S_ABS(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Real data type
& : Dummy device™’ : Real data type
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Setting Internal devices
R, ZR UiT\Git Zn Constant | Other
data Bit Word
B — O
B — O
® — O
@ - o
*1 Special register SD1506 can be specified as a dummy device.
Function
The input value (E1) absolute value is output.
Input (E1) Output (BW)
A A
0 \ ABS 0 I\/
t |
BB1 i
BB2
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S.ABS

Set.Data

(1) Data specified in S.ABS instruction

Specification . Data Standard
pectie Symbol Name Recommended range "’ Unit Set by
position format value
Input &)+0 Real
E1 Input value -999999 to 999999 — — U
data +1 number
Real
©+0| gy |outputvalue | (0 to 999999) — — s
+1 number
BB —
b15 b12 b8 b4 b0
Block BB1 S S
memo f
ry + TJudgment o) 211 BIN
input value — |16t — S
(E1) sign When E1> 0: BB1= 1 :
BB2 When E1< 0: BB2=1
When E1=0: BB1=BB2=10

*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.

Processing.contents

(1) The S.ABS instruction performs the following operation.

BW = |E1|
(2) The sign of the input value 1 (E1) is judged and the result is output to BB1 and BB2.
E1 Status BB1 BB2
E1>0 1 0
E1<0 0 1
E1=0 0 0

Operation Error

sav's 9Ll

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU

4100 When the value of & is either a non-numeric or non- O O
normalized number

4140 When the value of ) is either a non-numeric or non- O
normalized number
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CHAPTER 12 compARISON OPERATION

INSTRUCTIONS

121 s>

Ladder diagram
StartContact
s> I (= [ 515 ® & H
Structured ladder/FBD Structured text language
S_GT
- =N ENO = ENO:=S_GT(EN,s1,s2,d1,d2);
— st a1 —
— s2 a2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Array of real data type (0..1)
() : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device™’ : Real data type
Settin Internal devices JETNE
g R, ZR Ui\Gi: Zn Constant | Other
data Bit Word Bit Word
& — O —
9 — O —
& — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Compares the input value 1 (E1) and input value 2 (E2) and outputs the result of comparison.
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Set.Data

(1) Data specified in S. > instruction

Specified . Standard | Set
P - Symbol Name Recommended range 1 Unit Data format
position value by
&+0
E1 Input value 1 | -999999 to 999999 — Real number — ]
Input +1
data +2
+3 E2 Input value 2 | -999999 to 999999 — Real number — u
The same value as the input value 1 (E1) is
©+0 BW Output value ( P ED — | Real number — S
+1 stored)
BB —
Block b15 b12 b8 b4 b0
B
memo
v +2 Comparison B BIN
BB1 1 — ) — S
output 16Bit
(The result of comparison between E1 and
E2 is stored.)
®+0
. K Set value -999999 to 999999 — Real number 0.0 U
Operation +1
constant +2
3 HS Hysteresis 0 to 999999 — Real number 0.0 U
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Compares the input value 1 (E1) with the input value 2 (E2), and outputs the result of the comparison to BB1 of the block

memory.

Condition BB1
E1> (E2 +K) 1 N
E1<(E2+K-HS) 0 ;
(E2 + K-HS) <E1< (E2 +K) Last value is output v

Operation Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of ), & are either a non-numeric or non- O 0O _
normalized number
When the hysteresis value is negative O O —
4140 When the values of &), & are either a non-numeric or non- o o

normalized number

When an operation error occurs — —
4141

O|0| O

When the hysteresis value is negative — —
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12.2  s.<

Ladder diagram

S.< | { I I S<

| StartContact

516 [ & [ 6

Structured ladder/FBD

Structured text language

ENO —

ENO:=S_LT(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Array of real data type (0..1)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Settin Internal devices JiTNE
g - R, ZR UI\GEE Zn Constant | Other
data Bit Word Bit Word
B — O —
B — O —
® — O —
©2 — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Compares the input value 1 (E1) and input value 2 (E2) and outputs the result of comparison.
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Set.Data

(1) Data specified in S. < instruction

Specified . Standard | Set
P - Symbol Name Recommended range 1 Unit Data format
position value by
&+0
E1 Input value 1 | -999999 to 999999 — Real number — ]
Input +1
data +2
+3 E2 Input value 2 | -999999 to 999999 — Real number — u
The same value as the input value 1 (E1) is
©+0 BW Output value ( P ED — | Real number — S
+1 stored)
BB —
Block b15 b12 b8 b4 b0
B
memory
+2 Comparison ? BIN
BB1 — . — S
output 16Bit
(The result of comparison between E1 and
E2 is stored.)
®+0
. K Set value -999999 to 999999 — Real number 0.0 ]
Operation +1
constant +2
+3 HS Hysteresis 0 to 999999 — Real number 0.0 u
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Compares the input value 1 (E1) with the input value 2 (E2), and outputs the result of the comparison to BB1 of the block

memory.
Condition BB1
E1 < (E2 +K) 1 N
E1>(E2 + K+ HS) 0 n
»
(E2+K)<E1<(E2+K+HS) Last value is output ‘N

Operation.Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &, & are either a non-numeric or non- O O o
normalized number
When the hysteresis value is negative O O —
4140 When the values of &, & are either a non-numeric or non- _ _

normalized number

When an operation error occurs — —

4141

O|0] O

When the hysteresis value is negative — -
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12.3 s.=
Ladder diagram
| StartContact
= | [ _
s= b1+ Telels e}
Structured ladder/FBD Structured text language
S_EQ
— EN ENO I— ENO:=S_EQ(EN,s1,s2,d1,d2);
— st a1 —
— s2 a2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Array of real data type (0..1)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Settin Internal devices JIN
9 - R, ZR — UinG:: Zn Constant | Other
data Bit Word Bit Word
S — O —
® - O —
® — O —
@ — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Compares the input value 1 (E1) and input value 2 (E2) and outputs the result of comparison.
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Set.Data

(1) Data specified in S. = instruction

Specified . Standard | Set
P - Symbol Name Recommended range 1 Unit Data format
position value by
&+0
E1 Input value 1 | -999999 to 999999 — Real number — ]
Input +1
data +2
+3 E2 Input value 2 | -999999 to 999999 — Real number — u
The same value as the input value 1 (E1) is
©+0 BW Output value ( P ED — | Real number — S
+1 stored)
BB —
Block b15 b12 b8 b4 b0
B
memory
+2 Comparison ? BIN
BB1 — . — S
output 16Bit
(The result of comparison between E1 and
E2 is stored.)
Operation | €+0
K Set value -999999 to 999999 — Real number 0.0 U
constant +1
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Compares the input value 1 (E1) with the input value 2 (E2), and outputs the result of the comparison to BB1 of the block

memory.

Condition BB1
E1=(E2 +K) 1
E1 # (E2 + K) 0

='s ¢¢l

Operation.Error

In the following cases, the error flag (SMO) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of €, & are either a non-numeric or non- O O o

normalized number

4140 When the values of ), € are either a non-numeric or non- 0O
normalized number

4141 When an operation error occurs — — O
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124 s>
Ladder diagram
| Start contact
= | | | —
s> M1 Tele e &}
Structured ladder/FBD Structured text language
S_GE
— N ENO = ENO:=S_GE(EN,s1,s2,d1,d2);
— st a1 —
— s2 a2 —
Input argument EN : Execution condition : Bit
S) : Input data start device : Array of real data type (0..1)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Settin Internal devices JIN
9 - R, ZR — UinG:: Zn Constant | Other
data Bit Word Bit Word
S — O —
® - O —
® — O —
@ — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Compares the input value 1 (E1) and input value 2 (E2) and outputs the result of comparison.
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S.>=

Set.Data

(1) Data specified in S. >= instruction

Specification . Standard | Set
P - Symbol Name Recommended range 1 Unit Data format
position value by
&+0
E1 Input value 1 | -999999 to 999999 — Real number — ]
Input +1
data +2
+3 E2 Input value 2 | -999999 to 999999 — Real number — u
The same value as the input value 1 (E1) is
©+0 BW Output value ( P ED — | Real number — S
+1 stored)
BB —
Block b15 b12 b8 b4 b0
B
memory
+2 Comparison ? BIN
BB1 — . — S
output 16Bit
(The result of comparison between E1 and
E2 is stored.)
€+0
. K Set value -999999 to 999999 — Real number 0.0 U
Operation +1
constant +2
+3 HS Hysteresis 0 to 999999 — Real number 0.0 U
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Compares the input value 1 (E1) with the input value 2 (E2), and outputs the result of the comparison to BB1 of the block

memory.

Condition BB1
E1> (E2 +K) 1 N
E1<(E2+K-HS) 0 ;
(E2 + K-HS) <E1 < (E2 +K) Last value is output v

Operation. Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &), € are either a non-numeric or non- O O _
normalized number
When the hysteresis value is negative O O —
4140 When the values of €, & are either a non-numeric or non- _ _

normalized number

When an operation error occurs — —

4141

O|0] O

When the hysteresis value is negative — —
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Ladder diagram

S.<=

| Start contact

T =

516 [ & [ 6

Structured ladder/FBD

Structured text language

ENO —

dl —

ENO:=S_LE(EN,s1,s2,d1,d2);

Input argument EN

: Execution condition

: Bit

S) : Input data start device : Array of real data type (0..1)
& : Operation constant start device : Array of real data type (0..1)
Output argument ENO : Execution result : Bit
: Block memory start device : Array of any 16-bit data (0..2)
@ : Dummy device! : Real data type
Settin Internal devices JIN
9 - R,ZR | " UinG:: Zn Constant | Other
data Bit Word Bit Word
S — O —
® — O —
® — O —
@ — O —
*1 Special register SD1506 can be specified as a dummy device.
Function

Compares the input value 1 (E1) and input value 2 (E2) and outputs the result of comparison.
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S.<=

Set.Data

(1) Data specified in S. <= instruction

Specification . Standard | Set
P - Symbol Name Recommended range 1 Unit Data format
position value by
&)+0
E1 Input value 1 | -999999 to 999999 — Real number — ]
Input +1
data +2
+3 E2 Input value 2 | -999999 to 999999 — Real number — u
The same value as the input value 1 (E1) is
©+0 BW Output value ( P ED — | Real number — S
+1 stored)
BB —
Block b15 b12 b8 b4 b0
B
memory
+2 Comparison ? BIN
BB1 — . — S
output 16Bit
(The result of comparison between E1 and
E2 is stored.)
@+0
. K Set value -999999 to 999999 — Real number 0.0 U
Operation +1
constant +2
+3 HS Hysteresis 0 to 999999 — Real number 0.0 U
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

system. Users cannot set the data.

Processing.contents

(1) Compares the input value 1 (E1) with the input value 2 (E2), and outputs the result of the comparison to BB1 of the block

memory.

Condition BB1
E1<(E2 +K) 1 N
E1>(E2 + K + HS) 0 :;
(E2+K)<E1<(E2+K+HS) Last value is output ‘N

Operation. Error

In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO.

Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
4100 When the values of &), € are either a non-numeric or non- O O _
normalized number
When the hysteresis value is negative O O —
4140 When the values of €, & are either a non-numeric or non- _ _

normalized number

When an operation error occurs — —

4141

O|0] O

When the hysteresis value is negative — —
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CHAPTER 13 auto TuNING

Auto tuning is designed to make the initial setting of the PID constants.

The auto tuning of the CPU module can be used for processes that can be approximated with a primary delay plus dead time
represented by the following expression.

Example) Process with relatively slow response such as temperature adjustment
K -Ls
1+Ts ©

K: Gain, T: Time constant, L: Dead time, s: Laplace operator

Auto tuning can be used for the loop that uses the S. PID or S. 2PID instruction.

Auto tuning is performed in the ZN process: stepped response process of Ziegler and Nichols.
[Outline of stepped response process]
With no control operation being performed, change the manipulated value (MV) step by step and look how the process
value (PV) varies.
1) When the manipulated value (MV) is changed step by step, the process value (PV) begins to vary slowly.
Soon, the PV will vary faster, then vary slowly again, and finally settle at a fixed value.
2) Draw a tangent line at the place where the process value (PV) varies fastest, and find the points of intersection
A, B where this tangent line crosses the horizontal axis corresponding to the first process value (g0) and last
process value (61).
This provides the equivalent dead time (L) and equivalent time constant (T) as shown below.
3) From the equivalent time constant (T) and maximum process value width (Y), calculate the maximum
slope (response speed) R = Y/T.
Apply the equivalent dead time (L) and maximum slope (R) to the Ziegler and Nichols' adjustment rule, and
calculate the proportional gain Kp (P), integral constant Ti (I) and derivative constant Tbp (D).

Manipulated value for o
auto tuning AT1MV X%

Process value PV
(%)

61

Maximum slope Y

(response speed) T Maximum measurement width

Y%

6o /

T~ :
Equivalentdead Equivalent time
time L constant T

Time (s)
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Auto tuning procedure

C Start DY

Since the PID constants are overwritten at completion of auto tuning,
record the PID constants as required.

| Set the loop tag and operation constants necessary for auto tuning. |

| Change the operation mode (MODE) of the tuning target loop to Manual (MAN). |

Make sure that the process of the tuning target is stable.
(Adjust the MV so that the process is stabilized as required.)

Disconnect the S.2PID/S.PID instruction of the tuning target loop and connect
the S.AT1 instruction to where the S.2PID/S.PID instruction was located.

Turn the auto tuning start signal (e1) to Start (1). '

(Auto tuning in execution)

Auto Tuning Completed (BB16) turns to Completed (1) at end of auto tuning.

Turn the auto tuning start signal (e1) to End (0).
(Auto Tuning Completed (BB16) turns to Not completed (0).)

| Check the PID constants stored in the loop tag. |

Disconnect the S.AT1 instruction of the tuning target loop and connect
the S.2PID/S.PID instruction to where the S.AT1 instruction was located.

| Make fine adjustment during normal operation. |

C End DY
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(1) Time chart from auto tuning start until normal completion

Auto tuning start signal e1

Auto tuning completion BB16

Auto tuning start

Various Alarm BB1 to BB8

Manipulated value MV

y
v
Auto tuning completion .
A N
v
v
mv X MV + AT1STEPMV X mv
v

PID constants are set.

(2) Time chart from auto tuning start until stop due to alarm occurrence

Auto tuning start signal e1

Auto tuning completion BB16

Auto tuning start

Various Alarm BB1 to BB8

Manipulated value MV
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A _
A 4
Auto tuning suspension
A Y
Ad [
. Alarm Occurrence
A N
i ) 4
v \ i
MV X MV + AT1STEPMV X. mv
v

PID constants are not set.



S. AT1

13.1 S. AT1

Ladder diagram

Start contact

SAT1 [ Hsm\@y\@y@yH

Structured ladder/FBD Structured text language
S_AT1
] E1N E“L‘j — ENO:=S_AT1(EN,s1,s2,d1,d2,d3);
— s -
— s2 d2 —
d3 —
Input argument EN : Execution condition : Bit
[S) : Input data start device : Array of any 16-bit data (0..2)
& : Operation constant start device : Any 16-bit data
Output argument ENO : Execution result : Bit
: Block memory start device : Any 16-bit data
: Loop tag memory start device : Array of any 16-bit data (0..127)
: Local work memory start device : Array of any 16-bit data (0..21)
Setting Internal devices i
. R, ZR = Ui\G: Zn Constant | Other
data Bit Word Bit Word
B — O —
& — O —
@ — o —
— O — =
w
— O — N
»
>
3

Performs auto tuning and makes the initial setting of the PID constants.
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| s.AT1

Set.Data

(1) Data specified in S. AT1 instruction

Specified . Standard | Set
P A Symbol Name Recommended range 1 Unit Data format
position value by
&+0
1 E1 Input value -999999 to 999999 % Real number — U
+
b15 b12 b8 b4 b0
Input data (13
Auto tuning BIN
+2 | el ) — . 0 u
start signal 16bit
0: Stop/end
1: Start
BB —
BB1 Alarm
Input er
BB2 . P.U upp!
limit alarm
Input lower
BB3 e
limit alarm
O
BB4 _u,tpuwpper b15 b12 b8 b4 b0
limit alarm B BB B|B|B|B|B|B
B B|B|B|B|B|B|B|B
Block &+0| |BBS C.)u'tput lower 16 sl716!5/4l3|2]1 BIN
memory limit alarm — 16bit — S
Out time BB16 BB1 to BB8 '
BB6 alarm (0: Incomplete) (0: Without alarm)
(1: Complete) (1: With alarm)
Operation
BB7
mode alarm
Identification
BB8
alarm
BB16 Auto tun.ing
completion
Operation Operation 0: Reverse operation BIN
P ©+0|PN P perat — _ 0 u
constant mode 1: Forward operation 16bit
0 to FFFFy
Operation b15 b12 b8 b4 b0 BIN
©+1 | MODE clclclelelc]almM] L — . 8y S/U
mode s|mlc|alm|alu|alc|c|c 16bit
V|V|B|B[B|S|T|N|C|A|M
b15 b12 b8 b4 b0
S H P
P H|L|H[L
A A|A|A[A
Loop tag +3| ALM AIarm. . BIN. 40004 S/U
memory detection SPA HHA, LLA, PHA, PLA 16bit
*2 0: Loop RUN (0: Without alarm)
1: Loop STOP (1: With alarm)
+12 Manipulated
MV P -10 to 110 % Real number 0.0 S/U
+13 value
+18 Output upper
MH CUPUEUPPET 46 10 110 % |Real number| 100.0 u
+19 limit value
+20 Output lower
ML L -10 to 110 % Real number 0.0 U
+21 limit value
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the

*2
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system. Users cannot set the data.
The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)




S. AT1
. Data Standard | Set
Specified position | Symbol Name Recommended range 1 Unit
format value by
Real
@452 5| Gain 0 to 999999 — 10 | sw
+53 number
+54 Integral Real
0 to 999999 s 10.0 S/U
+55 constant number
+56 Derivative Real
D 0 to 999999 s 0.0 S/U
+57 constant number
AT1 Step
+70 ) Real
+71 STEP | manipulated |-100 to 100 % number 0.0 U
Loop tag MV | value for AT1
*2
memory +72 S li AT1ST Real
ATAST | 22PN 1016990999  Note that ——— — = 32767 s | oo 1.0 u
+73 cycle for AT1 AT number
+74| AT1 | Time-out time AT1TOUT1 Real
010999999 Note that ————— = 32767 100.0 U
+75| TOUT1 |for AT1 © cleha AT ® | number
After
+76 AT1 maximum AT1TOUT2 Real
) 010999999 Note that —— ——— = 32767 s 10.0 U
+77 | TOUT2 | slope time-out AT number
time for AT1
Local work ©-0
. : — System area | Used by the system as a work area. — — — S
memory
+21
*1 The data of the item(s) where the values within the recommended range are given in the parentheses are stored by the
system. Users cannot set the data.
*2 The loop tag memory and loop tag past value memory occupy a total of 128 words. (Refer to Page 27, Section 3.3.1 for
details.)
*3 The applications of the loop tag past value memory are indicated below.
Specified position contents

©3+0 | Sampling cycle counter initial preset flag

+1 | Sampling cycle counter
+2 | Time-out time counter initial preset flag

+3 | Time-out time counter 4

LLV'S L€l

+4 | After maximum slope time-out time counter initial preset flag

+5 | After maximum slope time-out time counter®

+6 | Step manipulated value preset flag
+7 | Counter from auto tuning start
+8
+9
+10
+11
+12
+13
+14
+15
+16
+17
+18
+19
+20
+21
When control is to be started from the initial status, the data must be cleared with the sequence program.
*4 The sampling cycle counter, time-out time counter, and after maximum slope time-out time counter round off the data to the
nearest whole number.
(2) Execution cycle (AT)
Set the execution cycle in SD1500 and SD1501 as a real number.

Auto tuning start-time PVO

PVn-1 (Last process value)

Maximum slope value

Maximum slope-time counter

Maximum slope-time PV

R (Response speed)

L (Equivalent dead time)
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| s.AT1

Processing.contents

(1

)

@)

(4)

®)

Start signal judgement processing
Any of the following processings is performed depending on the statuses of the auto tuning start signal (e1) and auto
tuning completed (BB16).

el BB16 Processing

BB1 to BB8 of BB are turned to 0.

When the stepped manipulated value preset flag is 1, the following
0 0 processing is performed.

MV = MV - ATISTEPMV

The S. AT1 instruction is terminated.

1 0 "(2) Loop stop processing" is performed.
0 1 BB16 of BB is turned to 0.

The S. AT1 instruction is terminated.
1 1 The S. AT1 instruction is terminated.

Loop stop processing
(a) Setting 1 in SPA of the alarm detection (ALM) selects a loop stop.
A loop stop performs the following processing and terminates the S. AT1 instruction.
1) The auto tuning completed (BB16) is turned to 1.
2) When the stepped manipulated value preset flag is 1, the following processing is performed.
MV = MV - AT1STEPMV
(b) Setting 0 in SPA of the alarm detection (ALM) selects a loop run.
Aloop run performs "(3) Mode judgement processing".
Mode judgement processing
Either of the following processings is performed depending on the operation mode (MODE) setting.
(@) When the operation mode (MODE) is any of AUT, CAB, CAS, CCB, CSV, LCA and LCC, the following processing is
performed and the S. AT1 instruction is terminated.
1) The operation mode alarm (BB7) is turned to 1.
2) The auto tuning completed (BB16) is turned to 1.
3) When the stepped manipulated value preset flag is 1, the following processing is performed.
MV = MV - AT1STEPMV
(b) When the operation mode (MODE) is any of MAN, CMB, CMV and LCM, "(4) Input check processing" is performed.
Input check processing
Either of the following processings is performed depending on the alarm detection (ALM) setting.
(a) If either of PHA and HHA of the alarm detection (ALM) is 1, the following processing is performed and the S. AT1 is
terminated.
1) The input upper limit alarm (BB3) is turned to 1.
2) The auto tuning completed (BB16) is turned to 1.
(b) If either of PLA and LLA of the alarm detection (ALM) is 1, the following processing is performed and the S. AT1 is
terminated.
1) The input lower limit alarm (BB3) is turned to 1.
2) The auto tuning completed (BB16) is turned to 1.
Time-out judgement processing
Whether the auto tuning processing has reached the AT1 time-out time (AT1TOUT1) or not is judged.
(a) Ifthe AT1 time-out time (AT1TOUT1) is reached, the following processing is performed and the S. AT1 is
terminated.
1) The time-out alarm (BB6) is turned to 1.
2) The auto tuning completed (BB16) is turned to 1.
(b) If the AT1 time-out time (AT1TOUT1) is not reached, "(6) After maximum slope time-out judgment processing” is
performed.
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S. AT1

(6) After maximum slope time-out judgment processing

Whether the auto tuning processing has reached the AT1 after maximum slope time-out time (AT1TOUT2) or not is

judged.

However, if the after maximum slope time-out time counter initial preset flag is 0, the processing in (c) is performed.

(a) If the AT1 after maximum slope time-out time (AT1TOUT2) is reached, "(10) Identification processing" is performed.

(b) If the AT1 after maximum slope time-out time (AT1TOUT2) is not reached, "(7) Stepped manipulated value set

processing" is performed.

(c) If the after maximum slope time-out time counter initial preset flag is 0, "(7) Stepped manipulated value set

processing" is performed.

(7) Stepped manipulated value set processing
Whether the stepped manipulated value is "set (1)" or "not set (0)" is judged from the stepped manipulated value preset

flag.

(a) If the stepped manipulated value preset flag is 0, the following processing is performed and the S. AT1 is

terminated.

1) The AT1 stepped manipulated value (AT1STEPMV) is added to the manipulated value (MV).

T1 =MV + ATISTEPMV
In the upper/lower limiter, the following operation is performed and the result of the operation is output to BB4

and BBS.
Result Processing after er/lower
Condition e A
BB4 BB5 BB16 MV limiter
Original MV
T1>MH 1 0 1
unchanged . L .
— S. AT1 instruction is terminated.
Original MV
T1 <ML 0 1 1
unchanged
The processing in 2) and later is
ML<T1<MH 0 0 0 T1
performed.

2) The stepped manipulated value preset flag is turned to 1.

3) The counter from auto tuning start is cleared to 0.

4) The input value (E1) is stored into the auto tuning start-time PVO.

5) The input value (E1) is stored into the last process value (PVn-1).

6) The maximum slope value, maximum slope-time counter, maximum slope-time PV, response speed (R) and

equivalent dead time (L) are cleared to 0.

(b) If the stepped manipulated value preset flag is 1 "(8) Sampling cycle judgement processing" is performed.

(8) Sampling cycle judgment processing

Whether the sampling cycle is reached or not is judged from the AT1 sampling cycle (AT1ST).

(a) If the sampling cycle is not reached, the S. AT1 instruction is terminated.

(b) If the sampling cycle is reached, "(9) Response waveform observation processing" is performed.

251

LLV'S L€l




S. AT1

(9) Response waveform observation processing
The following processing is performed for the input value (E1).

(a) Response waveform observation
1) The counter from auto tuning start is incremented.
2) The following processing is performed according to the input value (E1) and last process value (PVn-1).
Reverse operation (PN = 0)
Forward operation (PN = 1)

T2 =E1 - PVn-1

3) The input value (E1) is stored into the last process value (PVn-1).

(b) Maximum slope value
Depending on the slope (T2), the following processing is performed and the S. AT1 instruction is terminated.
1) If reverse operation is performed (PN = 0) and AT1 stepped manipulated value (AT1STEPMV) > 0 or forward
operation is performed (PN = 1) and AT1 stepped manipulated value (AT1STEPMV) <0
Condition Processing
* Maximum slope value = slope (T2)
* Maximum slope-time counter = counter from auto tuning start
* Maximum slope-time PV = input value (E1)
+ After maximum slope time-out count value is reset and count is restarted.

Maximum slope value slope < (T2)

Maximum slope value > Slope(T2) | Maximum slope value remains unchanged from the last value.

2) If forward operation is performed (PN = 1) and AT1 stepped manipulated value (AT1STEPMV) > 0 or reverse
operation is performed (PN = 0) and AT1 stepped manipulated value (AT1STEPMV) =0

Condition Processing

» Maximum slope value = slope (T2)

* Maximum slope-time counter = counter from auto tuning start

* Maximum slope-time PV = input value (E1)

+ After maximum slope time-out count value is reset and count is restarted.

Maximum slope value > Slope(T2)

Maximum slope value < Slope(T2) | Maximum slope value remains unchanged from the last value.

(10) Identification processing
Using the maximum slope value, the following processing is performed.
(a) Response speed
1) The response speed for calculation (R') and response speed (R) are calculated with the following expression.

Maximum
. _Slopevalue() o IR
AT1ST(s) 100

2) If R =0, the following processing is performed and the S. AT1 instruction is terminated.
The identification alarm (BB8) is turned to 1.
The auto tuning completed (BB16) is turned to 1.
When the stepped manipulated value preset flag is 1, the following processing is performed.
MV = MV - AT1STEPMV

(b) Equivalent dead time

1) The segment (b) made by the Y axis and the equivalent dead time (L) provided when the tangent line is drawn at
the response speed for calculation (R') are calculated with the following expression.
b = (maximum slope-time PV) - R' x (maximum slope counter) x AT1ST

(Auto tuning start-time PVO0)-b
R

2) IfL <0, the following processing is performed and the S. AT1 instruction is terminated.
The identification alarm (BB8) is turned to 1.
The auto tuning completed (BB16) is turned to 1.
When the stepped manipulated value preset flag is 1, the following processing is performed.
MV = MV - AT1STEPMV
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S. AT1

(11) PID constant calculation processing

The response speed (R), equivalent dead time (L) and AT1 stepped manipulated value (AT1STEPMV) are assigned to

the adjustment rule to calculate the PID constants.

(@) Control system

The control system is selected according to the integral constant Ti () and derivative constant Tp (D).

Integral constant Ti (I)

Derivative constant TD (D)

Control method

TI<0 — Proportional control (P operation) only
TI>0 TD<0 PI control (PI operation)
TD>0 PID control (PID operation)

(b) Adjustment rule

The ZN process: adjustment rule based on the stepped response of Ziegler and Nichols is used.

:1::;:: Rate example gain Kp (P) Integral constant Ti (1) Derivative constant TD (D)
) R;I( - x |[AT1 S{BI(E)PMW 0 0
PI F({)).(QL » |AT1 SJ)I(E)PMW 333 x L 0

(c) PID constant storage

The following processing is performed and the S. AT1 instruction is terminated.

1) The PID constants are stored into the gain (P), integral constant (I) and derivative constant (D).
2) The auto tuning completed (BB16) is turned to 1.

3) The AT1 stepped manipulated value (AT1STEPMV) is subtracted from the manipulated value (MV), and the

result is stored into the manipulated value (MV).

MV = MV - AT1STEPMV

Operation.Error

@
In the following cases, the error flag (SMO0) turns ON and the error code is stored in SDO. »
>
3
Error code Error definition QnPHCPU QnPRHCPU QnUDPVCPU
When an operation error occurs O O —
When the value of @ is either a non-numeric or non- O O o
4100 normalized number
When AT1ST < 0, ATITOUT1 <0 or ATITOUT2 <0 O O O
When the execution cycle (SD1500) < 0 O O O
4140 When the value of €9 is either a non-numeric or non- _ _ O
normalized number
4141 When an operation error occurs — — O
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CHAPTER 14 error cobes

This chapter describes the definitions of the errors that will occur in the CPU module and the compensation operation to be

taken for the errors.

1 41 List of Error Codes

There is the following process control instruction error.

Definition Applicable CPU module Error code

When the operation target data is out of the recommended
ange QnPHCPU/QnPRHCPU/QnUDPVCPU 4100
.
When the operation target data is a non-numeric or non- QnPHCPU/QnPRHCPU 4100
normalized number QnUDPVCPU 4140

) ) QnPHCPU/QnPRHCPU 4100
When an error occurs midway through operation

QnUDPVCPU 4141

When the above error occurs, the following information is stored in SD1502 and SD1503.

« SD1502: Detailed error code that occurred in a process control instruction

» SD1503: Processing number of the instruction that an error occurred

Codes of errors that occur in process control instructions (The corresponding error code is stored in SD1502.)

Detailed error

Error code Error definition code stored in Cause Processing
SD1502
There is either a non-numeric or 1
non-normalized number.
Sign error 5 )
(The number is negative.) Set data, such as operation
4100 Numerical value error 3 constant, loop tag memory, Io.op tag Check/correct the set data.
(The value is out of the range.) past value memory or execution
The value is not an integer. 4 cycle, has a problem.
Tried to divide by 0. 5
An overflow occurred. 6
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Processing numbers of each instruction (The number is stored in SD1503.)

Processing numbers stored in SD1503

Instruction
1 2 3 4 5 6 7 8
Engineering .
Range - Digital
S.IN check Input limiter value reyerse Filter
conversion
Change rate,
Input additi Output
S. OUT1 neuta ) tion upper/lower Reset windup uipu )
processing o conversion
limiter
Change rate,
S. OUT2 upper/lower Output )
o conversion
limiter
Change rate, .
Input addition Output ON time
S. DUTY P ) upper/lower Reset windup P .
processing o conversion
limiter
Ch t
s BC ange rate
check
S PSUM Integration . Output .
value operation | conversion
S.PID F)ontrol cycle SV settihg Tracking Gain (I‘(p) PID operation Deviation
judgment processing processing operation check
S 2PID Control cycle | SV setting Tracking Gain (Kp) PID operation | PID operation | PID operation | Deviation
' judgment processing processing operation 17 2)"2 3)"3 check
Change rate,
Control cycl SV setti Tracki Gain (K Deviati Output
S. PIDP ( ontrol cycle se |pg racl |ng ain (. p) PIDP operation eviation upper/ lower utpu .
judgment processing processing operation check limiter conversion
S SPI Opel.'atlon time | SV settlhg Tracklng Gain (I‘(p) SPI operation Deviation
monitor processing processing operation check
s. IPD F)ontrol cycle SV settihg Tracking Gain (I.(p) IPD operation Deviation
judgment processing processing operation check
Control cycle SV settin Trackin Gain (K Deviation
S. BPI ) y .g g (. P) BPI operation
judgment processing processing operation check
Engineering .
Control cycl Track Ch I¢
S.R . ontroreycle value rac '”9 K 'ange rate Ratio operation
judgment . processing limiter
conversion
Engineering Upper/lower Change rate Engineering >
S. PHPL value reverse o value Loop stop -
. limit check check . -
conversion conversion =
S. ONF2 Control cycle SV setting Tracking MV compensa- 2-position ON/ 5;
' judgment processing processing tion OFF control m
S. ONF3 Control cycle SV setting Tracking MV compensa- 3-position ON/ §
' judgment processing processing tion OFF control g)
Operation SV count MVPGS Output %
S. PGS ) . )
constant check | up operation processing
Engineering Engineering Change rate,
Output
S. SEL value value reverse | upper/ lower )
. . L conversion
conversion conversion limiter
Ste| Response
Time out p Sampling cycle P Identification PID constant
S. AT1 Input check . manipulated . waveform . )
judgment judgment . processing calculation
value set observation
*1 Indicates the operation processing of Bn or Cn.
*2 Indicates the operation processing of Dn.
*3 Indicates the operation processing of AMV.

Processing No. 1 is stored if an error occurs in the instruction that is not indicated in the above table.
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APPENDICES

Appendix 1 program Example

In the following program, the operation mode at power-on is in manual mode. When X10 turns ON, the mode switches to
automatic mode and the module starts PID control.

X10
| r
0 _| | [MOVP  H10 R1001
[MovP  Ho R1003
SM402
7 | [cALL PO
X1
10 —| | [sET SM1500
X1
12 —/|/| [RsT SM1500
X2
14 | [sET SM1501
X2
16 _/H [RST SM1501
X0 K1
| (
18 | (T0
TO
23 | [PLs MO
MO
26 —| | [caLL P1
[RsT TO
r
33 [FEND

(0) Set the operation mode to AUTO.
Set the alarm detection to 0.
(7) Jump to the PO label when SM402 is on.
(10)  Set the last value hold processing.
(12) Reset the last value hold processing.
(14)  Set the output value hold processing.
(16) Reset the output value hold processing.
(18)  Adjust to the time set for the execution cycle.
(26)  Jump to the P1 label when MO is on.
Turning MO on clears TO to 0.
(33)  The end of the sequence program in which SM402 is off is indicated.
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P1

(34)

(78)
(79)

SM400
34 | [FLT DO RO
[sIN RO R100 R200 R100
[EMOV  R100 R20
[s.PHPL R20 R120 R220 R1000
[EMOV  R120 R40
[sPID  R40 R140 R240 R1000 R300
[EMOV R140 R60
[s.ouT1 R60 R160 R260 R1000
[INT R160 D1
78 [RET
79 [FEND

Change the DO value to a real number and store it in RO.

Set each start device of the S.IN instruction.

Transfer the R100 value of the S.IN instruction to R20 of S.PHPL.
Set each start device of the S.PHPL instruction.

Transfer the R120 value of the S.PHPL instruction to R40 of S.PID.
Set the start device of the S.PID instruction.

Transfer the R140 value of the S.PID instruction to R60 of S.OUT1.
Set each start device of the S.OUT1 instruction.

Convert the single-precision real number in R160 and R161 to binary.
The subroutine program ends.

The main routine program ends.
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PO

(80)

258

SM400
80 |

r
{ FMOV

r
{ FMOV

r
LEMOV

HO

HO

r
{ MOV

r
{ MOV

r
LMOV

r
LEMOV

r
LEMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
LEMOV

r
LEMOV

r
LEMOV

r
{ EMOV

r
{ EMOV

Set the execution cycle to 0.1 seconds.

Clear the output values in S.IN, S.PHPL, S.PID, and S.OUT1 to 0.
Clear the loop tag to 0.

Set the default value of the loop tag.

r
{ EMOV

EO0.1

R100

R1000

H8

HO

HO

EO

EO

EO

EO

E100

EO

E100

EO

E100

EO

E100

SD1500

K100

K128

R1001

R1003

R1004

R1010

R1012

R1014

R1016

R1018

R1020

R1022

R1024

R1026

R1028

R1030

]




(132)
(175)

SM400
132 |

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
LEMOV

SM400
175 |

r
{ EMOV

r
LEMOV

r
LEMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

r
{ EMOV

Set the default value of the loop tag.
Set the operation constant of the S.IN instruction.

r
{ EMOV

EO

E0.2

EO

EO

E100

E1

E100

E100

E1

E10

EO

EO

E1

EO

E100

EO

E100

EO

E110

E100

EO

E-10

R1032

R1038

R1040

R1042

R1044

R1046

R1048

R1050

R1052

R1054

R1056

R1058

R1060

R1062

R200

R202

R204

R206

R208

R210

R212

R214
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200

213

220

221

(200) Set the operation constant of the S.PID instruction.
(213)  Set the operation constant of the S.OUT1 instruction.
(220) The subroutine program ends.

260

SM400

| [EMOV  EB8 R240
[EMOV  E2 R242

[mov HO R244

[mov HO R245

[ mov H13 R246

SM400

| [EMOV  E100 R260
[Emov  EoO R262

[RET

[END




Appendix 2 Loop Tag Memory List

Appendix 2.1

PID control (SPID), 2-degree-of-freedom PID control
(S2PID), sample Pl control (SSPI)

261

Data storage
Instruction used | Offset Item Name Recommended range | Unit SPID sSSP
S2PID
+0 — — — — — —
1 MODE™" Operation mode 0 to FFFFy — S/U S/U
2 _ _ _ _ _ _
3 ALM™ Alarm detection 0 to FFFFy — S/U S/U
4 INH™T Alarm detection inhibition |0 to FFFFy — S/U S/U
5 — — — — — —
6 — — — — — —
7 — — — — — —
8 — — — — — —
9 _ _ _ _ _ _
10
S. PHPL 1 PV Process value (RL to RH) — S S
12 .
S. OUT1/S. DUTY 13 MV Manipulated value -10to 110 % S/U S/U
S. PID/S. 2PID/ 14
SV Set value RL to RH — U u
S. SPI 15
S. PID/S. 2PID/ 16
DV Deviation (-110 to 110) % S S
S. SPI 17
18 -
S. OUT1/S. DUTY 19 MH Output upper limit value -10to 110 % u U
20 -
S. OUT1/S. DUTY o1 ML Output lower limit value -10to 110 % u U > >
T T
S. PHPL/S. PID/ 22 Engineering value upper 238
RH o -999999 to 999999 — u U 2o
S. 2PID/S. SPI 23 limit S
S. PHPL/S. PID/ 24 Engineering value lower f =
RL o -999999 to 999999 — u U T8
S. 2PID/S. SPI 25 limit o©°
26 . RL to RH 8 o
S. PHPL PH Upper limit alarm set value — U U S @
27 PL < PH 3z
28 — RL to RH =3
S. PHPL PL Lower limit alarm value — u u @3
29 PL < PH 22
30 Upper upper limit alarm RL to RH b 5
S. PHPL HH — u U N
31 value PH < HH 2
32 Lower lower limit alarm RL to RH %
S. PHPL LL — U U ®
33 value LL<PL &
34 =
J— J— J— J— J— — [0
35 2
o
36 3
- - - - - - T
37 5
38 . . 8
S.IN 39 a Filter coefficient Oto1 — U U 3
o
40 U /l limit al —
S. PHPL HS pperfiowsrimit &lam 14 to 999999 % u U 7
41 hysteresis )
42 Change rate alarm check >
S. PHPL CTIM ] g 0 to 999999 s u U »
43 time o}
44 'g
S. PHPL 45 DPL Change rate alarm value |0 to 100 % U U )
T
S. PID/S. 2PID/ 46 Control cycle/Operation 8
CT/IST ) 0 to 999999 s U (Set CT) U (Set ST) E]
S. SPI 47 time 5
©»
]
Y




Data storage

Instruction used | Offset Item Name Recommended range Unit SPID SSPI
S2PID
48 Output ch te limit
S. OUT1/S.DUTY DML uiputchange rate iImit— 6 16 100 % u u
49 value
S. PID/S. 2PID/ 50 L
DVL Deviation limit value 0to 100 % U U
S. SPI 51
S. PID/S. 2PID/ 52 )
P Gain 0 to 999999 — u U
S. SPI 53
S. PID/S. 2PID/ 54
S. SPI/S. OUT1/ 55 |2 Integral constant 0 to 999999 s u U
S. DUTY
L U
S. PID/S. 2PID/ 56 Derivative constant/ U
D/STHT 0 to 999999 s . (STHT
S. SPI 57 Sample cycle (D Setting) .
Setting)
S. PID/S. 2PID/ 58 )
GW Gap width 0to 100 % u U
S. SPI 59
S. PID/S. 2PID/ 60 .
GG Gap gain 0 to 999999 — U U
S. SPI 61
S. PID/S. 2PID/ 62
S. SPI/S. OUT1/S. 63 MVP MV inside operation value |(-999999 to 999999) % S S
DUTY
64 2Degree-of-freedom
S. 2PID o Oto1 — u —
65 parameter a
66 2Degree-of-freedom
S. 2PID B Oto1 — u —
67 parameter 8
68
S. DUTY 69 CTDUTY | Control output cycle 0 to 999999 S U —

*1 MODE, ALM, and INH are shared among the instructions.

*2 The following instructions share the same value in .
+ S. PID instruction and S. OUT1 instruction
* S. PID instruction and S. DUTY instruction
» S. 2PID instruction and S. OUT1 instruction
» S. 2PID instruction and S. DUTY instruction
* S. SPI instruction and S. OUT1 instruction
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Appendix 2.2

I-PD control (SIPD), blend PI control (SBPI)

Data storage

Instruction used | Offset Item Name Recommended range | Unit
SIPD SBPI
+0 — — — — — —
1 MODE"™! | Operation mode 0 to FFFFy — S/U S/U
2 — — — — — —
3 ALM™ Alarm detection 0 to FFFFy — S/U S/U
4 INH™ Alarm detection inhibition |0 to FFFFy — S/U S/U
5 — — — — — —
6 — — — — — —
7 — — — — — —
8 — — — — — —
9 — — — — — —
10
S. PHPL 1 PV Process value (RL to RH) — S S
12 )
S. OUT1 13 MV Manipulated value -10 to 110 % S/U S/U
S. IPD/S. BPI 14
15 SV Set value RL to RH — U U
16 _
S. IPD/S. BPI 17 DV Deviation (-110 to 110) % S S
18 e
S. OUT1 19 MH Output upper limit value -10 to 110 % U U
20 -
S. OUT1 o1 ML Output lower limit value -10 to 110 % U U
S. PHPL/S. IPD/ 22 Engineering value upper
RH o -999999 to 999999 — U U
S. BPI 23 limit
S. PHPL/S. IPD/ 24 Engineering value lower
RL -9 g -999999 to 999999 — u u
S. BPI 25 limit
26 _ RL to RH
S. PHPL PH Upper limit alarm set value — U U
27 PL < PH
28 e RL to RH
S. PHPL PL Lower limit alarm value — U U
29 PL <PH
30 Upper upper limit alarm RL to RH
S. PHPL HH — U U
31 value PH <HH
32 Lower lower limit alarm RL to RH
S. PHPL LL — U U
33 value LL<PL
34
35
36
37
38 ) .
S.IN 39 o Filter coefficient Oto1 — U ]
40 Upper/lower limit alarm
S. PHPL HS . 0 to 999999 % U U
41 hysteresis
42 Change rate alarm check
S. PHPL CTIM ] 0 to 999999 s U U
43 time
44
S. PHPL 45 DPL Change rate alarm value |0 to 100 % U U
46
S. IPD/S. BPI 47 CT Control cycle 0 to 999999 s U U
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X i Data storage
Instruction used | Offset Item Name Recommended range | Unit
SIPD SBPI
48 Output change rate limit
S. OUT1 DML P 9 0 to 100 % u u
49 value
50 e
S. IPD/S. BPI 51 DVL Deviation limit value 0to 100 % U U
52 .
S. IPD/S. BPI 53 P Gain 0 to 999999 — u U
S. IPD/S. BPI 54 .
|2 Integral constant 0 to 999999 s U U
S. OUT1 55
56 Derivative constant/ D:0 to 999999 s U —
S. IPD/S. BPI D/SDV .
57 DV cumulative value SDV:-999999 to 999999 % — S
58
S. IPD/S. BPI 59 GW Gap width 0to 100 % u U
60 .
S. IPD/S. BPI 61 GG Gap gain 0 to 999999 — U ]
62 - .
S. IPD/S. OUT1 63 MVP MV inside operation value | (-999999 to 999999) % S —
*1 MODE, ALM, and INH are shared among the instructions.
*2 The following instructions share the same value in .
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Appendix 2.3 Manual output (SMOUT), monitor (SMON)

Data storage

Instruction used Offset Item Name Setting/Store range Unit
SMOUT SMON

+0 — — — — — —
1 MODE™! | Operation mode 0 to FFFFy — S/U S/U
2 — — — — — —
3 ALM™ Alarm detection 0 to FFFFy — S/U S/U
4 INH™ Alarm detection inhibition |0 to FFFFy — — S/U
5 — — — — — —
6 — — — — — —
7 J— J— J— J— J— J—
8 — — — — — —
9 J— J— J— J— J— J—
10

S. PHPL 11 PV Process value (RL to RH) — — S
12 .

S. MOUT 13 MV Manipulated value -10 to 110 % U —
14
15
16
17
18
19
20
21
22 Engineering value upper

S. PHPL RH . -999999 to 999999 — — U
23 limit
24 Engineering value lower

S. PHPL RL o -999999 to 999999 — — U
25 limit
26 Upper limit alarm set RL to RH

S. PHPL PH — — u
27 value PL<PH
28 . RL to RH

S. PHPL PL Lower limit alarm value — — U
29 PL<PH

S. PHPL 30 HH Upper upper limit alarm RL to RH . . U
31 value PH < HH
32 Lower lower limit alarm RL to RH

S. PHPL LL — — U
33 value LL<PL
34
35
36
37
38 ) .

S.IN 39 o Filter coefficient Oto1 — — U
40 Upper/lower limit alarm

S. PHPL HS ) 0 to 999999 % — U
41 hysteresis
42 Change rate alarm check

S. PHPL CTIM -hang 0 to 999999 s — u
43 time
44

S. PHPL 45 DPL Change rate alarm value |0 to 100 % — U
46
47

*1 MODE, ALM, and INH are shared among the instructions.
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Appendix 2.4 Manual output with monitor (SMWM), PIDP control

(SPIDP)
X i Data storage
Instruction used | Offset Item Name Recommended range Unit
SMWM SPIDP

+0 — — — — — —
1 MODE"" Operation mode 0 to FFFFy — S/U S/U
2 — — — — — —
3 ALM™ Alarm detection 0 to FFFFy — S/U S/U
4 INH Alarm detection inhibition |0 to FFFFy — S/U S/U
5 — — — — — —
6 — — — — — —
7 — — — — — —
8 — — — — — —
9 — — — — — —
10

S. PHPL 11 PV Process value (RL to RH) — S S
12 )

S. MOUT/S. PIDP 13 MV Manipulated value -10 to 110 % U S/U

S. PIDP 14
15 SV Set value RL to RH — — U
16 -

S. PIDP 17 DV Deviation (-110 to 110) % — S
18 .

S. PIDP 19 MH Output upper limit value -10 to 110 % — u
20 -

S. PIDP 21 ML Output lower limit value -10 to 110 % — U
22 Engineering value upper

S. PHPL/S. PIDP RH o -999999 to 999999 — U u
23 limit
24 Engineering value lower

S. PHPL/S. PIDP RL . -999999 to 999999 — U u
25 limit
26 . RL to RH

S. PHPL PH Upper limit alarm set value — U u
27 PL < PH

S. PHPL 28 PL L limit al | RLtoRH U u

. wer limi rm v —

29 owe ala alue PL < PH
30 Upper upper limit alarm RL to RH

S. PHPL HH — U U
31 value PH <HH
32 Lower lower limit alarm RL to RH

S. PHPL LL — U U
33 value LL<PL
34
35
36
37
38 . .

S.IN 39 a Filter coefficient Oto1 — U u
40 Upper/lower limit alarm

S. PHPL HS pperio 0 to 999999 % u u
41 hysteresis
42 Change rate alarm check

S. PHPL CTIM ] 0 to 999999 s U U
43 time
44

S. PHPL 45 DPL Change rate alarm value |0 to 100 % U U
46

S. PIDP 47 CT Control cycle 0 to 999999 s — U
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X i Data storage
Instruction used | Offset Item Name Recommended range Unit
SMWM SPIDP

48 Output change rate limit

S. PIDP DML P g 0 to 100 % — u
49 value
50 T

S. PIDP 51 DVL Deviation limit value 0to 100 % — U
52 .

S. PIDP 53 P Gain 0 to 999999 — — u
54

S. PIDP 55 Integral constant 0 to 999999 s — U
56 L

S. PIDP 57 D Derivative constant 0 to 999999 s — U
58 .

S. PIDP 59 GW Gap width 0to 100 % — u
60 .

S. PIDP 61 GG Gap gain 0 to 999999 — — U

*1 MODE, ALM, and INH are shared among the instructions.
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Appendix 2.5 2 position ON/OFF control (SONF2), 3 position ON/OFF

control (SONF3)

Data storage

Instruction used | Offset Item Name Recommended range Unit
SONF2 SONF3

+0 — — — — — —
1 MODE"! | Operation mode 0 to FFFFy — S/U S/U
2 — — — — — —
3 ALM™? Alarm detection 0 to FFFFy — S/U S/U
4 INH™ Alarm detection inhibition |0 to FFFF — S/U S/U
5 — — — — — —
6 — — — — — —
7 — — — — — —
8 — — — — — —
9 — — — — — —
10

S.PHPL 1 PV Process value (RL to RH) — S S
12 .

S.ONF2/S.ONF3 13 MV Manipulated value -10to 110 % S/U S/U

S.ONF2/S.ONF3 14
15 SV Set value RL to RH — U ]
16 L

S.ONF2/S.ONF3 17 DV Deviation (-110 to 110) % S S
18 )

S.ONF2/S.ONF3 19 HSO Hysteresis 0 to 999999 — U U
20 )

S.ONF3 o1 HS1 Hysteresis 0 to 999999 — — U
22 Engineering value upper

S.PHPL RH o -999999 to 999999 — U U
23 limit
24 Engineering value lower

S.PHPL RL o -999999 to 999999 — u u
25 limit
26 Upper limit alarm set RL to RH

S.PHPL PH — U U
27 value PL <PH
28 . RL to RH

S.PHPL PL Lower limit alarm value — U U
29 PL < PH
30 Upper upper limit alarm RL to RH

S.PHPL HH — u u
31 value PH < HH
32 Lower lower limit alarm RL to RH

S.PHPL LL — u u
33 value LL<PL
34
35
36
37
38 . .

S.IN 39 o Filter coefficient Oto1 — u u
40 Upper/lower limit alarm

S.PHPL HS ) 0 to 999999 % U U
41 hysteresis
42 Change rate alarm check

S.PHPL CTIM ] 0 to 999999 s u u
43 time
44

S.PHPL 45 DPL Change rate alarm value |0 to 100 % U U
46

S.ONF2/S.ONF3 47 CT Control cycle 0 to 999999 s U U

*1 MODE, ALM, and INH are shared among the instructions.
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Appendix 2.6 Batch counter (SBC)

Instruction used

Offset

Name

Recommended range

Unit

Data storage

SBC

S. PSUM

S. PSUM

S.BC

S.BC

S.BC

S.BC

+
o

0o NoO g b~ WN =

B OA DDA DD DWW WWWWWWWWNRNNNNNMNDNRNNNDNS 2 2 3 3 3 a2 s
O O h DN X0 OO ODNIOO®VNOODAEON -0 ©®NOOA~®N = O

47

Operation mode

0 to FFFFy

S/U

Alarm detection

0 to FFFFy

S/U

Alarm detection inhibition

0 to FFFFy

S/U

SUM1

Integration value (Integer
part)

(0 to 2147483647)

SumM2

Integration value (Fraction
part)

(0 to 2147483647)

SV1

Set value 1

0 to 2147483647

Sv2

Set value 2

0 to 2147483647

PH

Upper limit alarm set
value

0 to 2147483647

CTIM

Change rate alarm check
time

0 to 999999

DPL

Change rate alarm value

0 to 2147483647

*1 MODE, ALM, and INH are shared among the instructions.
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Appendix 2.7 Ratio control (SR)

Data storage

Instruction used | Offset Item Name Recommended range | Unit SR
+0 — — — — —
1 MODE"! Operation mode 0 to FFFFy _ s/U
2 — — — — —
3 ALM™! Alarm detection 0 to FFFFy _ S/U
4 INH™ Alarm detection inhibition |0 to FFFFy — S/U
5 — — — — —
6 — — — — —
7 — — — — —
8 — —_ — —_ —
9 — —_ — —_ —
10

S. PHPL 1 PV Process value (RL to RH) — S
12 .

S. OUT2 13 MV Manipulated value -10 to 110 % S/U
14

S.R 15 SPR Set value -999999 to 999999 — U
16 )

S.R 17 BIAS Bias -999999 to 999999 % u
18 -

S. OUT2 19 MH Output upper limit value -10to 110 % U
20 -

S. OUT2 o1 ML Output lower limit value -10to 110 % U
22 Engineering value upper

S. PHPL RH o -999999 to 999999 — U
23 limit
24 Engineering value lower

S. PHPL RL -N9 g -999999 to 999999 — u
25 limit
2 limit al t RL to RH

S. PHPL 6 PH Upper limit alarm se (o] . U
27 value PL <PH

S. PHPL 28 PL L limit al | RL 1o RH u

. wer limi rm v —

29 owe ala alue PL < PH

S. PHPL 30 HH Upper upper limit alarm RL to RH o U
31 value PH <HH
32 Lower lower limit alarm RL to RH

S. PHPL LL — u
33 value LL<PL
34
35
36
37
38 . -

S.IN 39 o Filter coefficient Oto1 — U
40 Upper/lower limit alarm

S. PHPL HS ) 0 to 999999 % U
41 hysteresis
42 Change rate alarm check

S. PHPL CTIM ] g 0 to 999999 s u
43 time
44

S. PHPL 45 DPL Change rate alarm value |0 to 100 % U
46

S.R 47 CT Control cycle 0 to 999999 s U
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i i Data storage

Instruction used | Offset Item Name Recommended range | Unit SR
48 Output change rate limit

S.0UT2 DML P 9 0to 100 % u
49 value
50 -

S.R 51 DR Change rate limit value 0 to 999999 — U
52 . o

S.R 53 RMAX Ratio upper limit value -999999 to 999999 — U
54 . -

S.R 55 RMIN Ratio lower limit value -999999 to 999999 — u
56 .

S.R 57 Rn Ratio current value (999999 to 999999) — S

*1 MODE, ALM, and INH are shared among the instructions.
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Appendix 3 Operation Processing Time

Appendix 3.1 operation processing time of each instruction

The operation processing time of each instruction is indicated in the table on this page and later.

Since the operation processing time changes depending on the setting conditions, refer to the value in the table as the

guideline of the processing time.

. i Processing time(ps)
Instruction Condition
QnPHCPU/QnPRHCPU QnUDPVCPU
S.IN Condition where ALM does not turn ON during loop run 69 34
S.OUT1 Condition where ALM does not turn ON during loop run in AUT mode 47 30
S.0UT2 Condition where ALM does not turn ON during loop run in AUT mode 37 28
S.MOUT Executed during loop run in MAN mode 27 20
Execution cycle = 1, Control output cycle = 10
S.DUTY N . ) 55 30
Condition where ALM does not turn ON during loop run in AUT mode
S.BC Condition where ALM does not turn ON during loop run in AUT mode 29 21
Int ti tart signal = ON
S.PSUM ntegra !on sta s.lgna 23 17
Integration hold signal = OFF
Set value pattern = 3(Without cascade)
Tracking bit =0
Execution cycle = Control cycle = 1
S.PID 104 47
Integral constant # 0
Derivative constant # 0
Condition where ALM does not turn ON during loop run in AUT mode
Set value pattern = 3(Without cascade)
Tracking bit=0
Execution cycle = Control cycle = 1
S.2PID 136 55
Integral constant # 0
Derivative constant # 0
Condition where ALM does not turn ON during loop run in AUT mode
Set value pattern = 3(Without cascade)
Tracking bit=0
Execution cycle = Control cycle = 1
S.PIDP 119 57
Integral constant # 0
Derivative constant # 0
Condition where ALM does not turn ON during loop run in AUT mode
Set value pattern = 3(Without cascade)
Tracking bit=0
S.SPI Operating time = Sample cycle (ST = STHT) 87 42
Integral constant # 0
Condition where ALM does not turn ON during loop run in AUT mode
Set value pattern = 3(Without cascade)
Tracking bit=0
Execution cycle = Control cycle = 1
S.IPD 101 47
Integral constant # 0
Derivative constant # 0
Condition where ALM does not turn ON during loop run in AUT mode
Set value pattern = 3(Without cascade)
Tracking bit =0
S.BPI Execution cycle = Control cycle = 1 75 39
Integral constant # 0
Condition where ALM does not turn ON during loop run in AUT mode
Set value pattern = 3(Without cascade)
Tracking bit =0
SR 9 58 30
Execution cycle = Control cycle = 1
Executed during loop run in AUT
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Processing time(ps)

Instruction Condition
QnPHCPU/QnPRHCPU QnUDPVCPU

S.PHPL Condition where ALM does not turn ON during loop run in AUT mode 100 40
SLLAG Input d.ata =50, With Ifead-lag guarantee 30 20

Lead time = 1, Delay time = 1

Input data = 50, Integral time = 1
S. o 23 17

Output initial value = 0

Input data = 50, Derivative time = 1
S.D 27 19

Output initial value = 0

Input data = 50

Operation control signal 0 — 1
S.DED Data c'ollection interval =1 17 12
Sampling count = 10
Output initial value = 0
Initial output switching = 0

Input number =5
Input data = 50, 100, 150, 200, 250

S.HS 29 13

Input number = 5
S.LS 32 13
Input data = 50, 100, 150, 200, 250

Input number = 5
S.MID 69 19
Input data = 50, 100, 150, 200, 250

S.AVE Input number = 2, Input data = 50, 100 24 15

Input data = 50

Upper limit value = 100
S.LIMT Lower limit value = 0 30 19
Upper limit hysteresis = 0

Lower limit hysteresis = 0

Input data = 50

Positive direction limit value = 100
S.VLMT1 Negative direction limit value = 100 38 19
Positive direction hysteresis = 0
Negative direction hysteresis = 0

Input data = 50

Positive direction limit value = 100
S.VLMT2 Negative direction limit value = 100 27 18
Positive direction hysteresis = 0
Negative direction hysteresis = 0

Input data = 10

Set value pattern = 3(Without cascade)
S.ONF2 Tracking bit = 0 52 35
Execution cycle = Control cycle = 1
Executed during loop run in MAN mode

Input data = 10

Set value pattern = 3(Without cascade)
S.ONF3 Tracking bit = 0 59 36
Execution cycle = Control cycle = 1
Executed during loop run in MAN mode

awi] Buissasoid uoneladOg xipuaddy

Input data = 50
S.DBND Dead band upper limit = 100, Dead band lower limit = 0 26 17
Input range = 1

uononJisul yoea Jjo awi Buisseoold uonesadQ | g xipuaddy

Number of operation constant polygon points = 16
Operation type = 0(Hold type)

S.PGS Execution cycle = 1 86 26
Set value = 10

Condition where ALM does not turn ON during loop run in AUT mode

Set value pattern = 18H(E1, E2 Used, Without cascade)
S.SEL Tracking bit = 0 68 34
Condition where ALM does not turn ON during loop run in AUT mode
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Processing time(ps)

Instruction Condition
QnPHCPU/QnPRHCPU QnUDPVCPU

Output set value = 0, Output control value = 50

S.BUMP Mode selection signal = 1 18 14
Delay time = 1, Delay zone = 1
Output addition value = 50, Output subtraction value = 50
Output set value = 0, Output signal = 1

SAMR utput se va ue. utput signa . . 25 16
Output addition signal = 1, Output subtraction signal = 0
Output upper limit value = 50, Output lower limit value = 0

S.FG Input data = 50, Number of polygon points = 2 33 23

S.IFG Polygon coordinates (30, 40), (60, 70)
Input data = 50, Data collection interval = 1

S.FLT ) 40 25
Sampling count = 10
Input data = 50

S.SUM Input low cut value = 0, Initial value = 0 25 18
Input range = 1
Both temperature and pressure are corrected.
Differential pressure = 100, Measurement temperature = 300
Measured pressure = 10000, Design temperature = 0

S.TPC . 39 19
Bias (Temperature) = 273.15
Design pressure = 0
Bias pressure = 10332.0

S.ENG Input data = 50, Engineering value upper limit = 100 25 19

S.IENG Engineering value lower limit = 0
Input number = 2, Input data = 50, 100

S.ADD . - ) 25 19
Number of coefficients = 2, Coefficient = 1, 1, Bias = 0
Input ber = 2, Input data = 50, 100

S.SUB nput number 2 nput data g . 2 20
Number of coefficients = 2, Coefficient = 1, 1, Bias = 0
Input number = 2, Input data = 50, 100

S.MUL L . ) 24 19
Number of coefficients = 2, Coefficient = 1, 1, Bias = 0
| = 1

SDIV nput .d?ta 50, 100 . o7 18
Coefficient=1, 1, 1, Bias =0, 0,0
Input data = 50

S.SQR nput cata - 34 17
Output low cut value = 0, Coefficient = 10

S.ABS Input data = 50 17 12
Input data = 50, 100

S.> ) 22 16
Set value = 0, Hysteresis = 0
Input data = 50, 100

S.< ) 19 15
Set value = 0, Hysteresis = 0
Input data = 50, 100

S.= 18 15
Set value =0
Input data = 50, 100

S.>= ) 22 16
Set value = 0, Hysteresis = 0
Input data = 1

<= nput data = 50, 100 . 19 15
Set value = 0, Hysteresis = 0
Set value pattern = 3(Without cascade)
Tracking bit = 0

S.AT1 67 30

Execution cycle = 1
Executed during loop run in MAN mode
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Appendix 3.2 operation processing time of 2-degree-of-freedom PID
control loop

This section gives an example of the operation constant of each instruction and the processing times taken when actual
values are stored into the loop tag memory.
(1) Conditions
» Loop type: S2PID
» Used instructions: S.IN, S.PHPL, S.2PID, S.OUT1
(2) Operation constants
(a) S.IN instruction

Name Item Setting
Engineering conversion upper limit EMAX 100.0
Engineering conversion lower limit EMIN 0.0
Input upper limit NMAX 100.0
Input lower limit NMIN 0.0
Upper limit range error occurrence HH 95.0
Upper limit range error return H 80.0
Lower limit range error return L 20.0
Lower limit range error occurrence LL 5.0

(b) S.PHPL instruction: Without operation constant
(c) S.2PID instruction

Name Item Setting
Derivative gain MTD 4.0
Deviation large alarm hysteresis DVLS 3.0
Operation mode PN 0
Tracking bit TRK 0
Set value pattern SVPTN 3

(d) S.OUT1 instruction

Name Item Setting
Output conversion upper limit NMAX 100.0
Output conversion lower limit NMIN 0.0

awi] Buissasoid uoneladOg xipuaddy

dooj jouoo qld wopaauy-jo-aaibap-g Jo awn Buissasoid uoneladOyz s xipuaddy
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(3) Loop tag memory

Offset Item Name Recommended range Setting
+0 — — — 0
+1 MODE Operation mode 0to FFFFy 104
+2 — — — 0
+3 ALM Alarm detection 0 to FFFFH 0
+4 INH Alarm detection inhibition 0 to FFFFH 0
+5 — — — 0
+6 — — — 0
+7 — — — 0
+8 — — — 0
+9 — — — 0
+10 PV Process value RL to RH 0.0
+12 MV Manipulated value -10 to 110 0.0
+14 SV Set value RL to RH 55.0
+16 DV Deviation -110 to 110 7
+18 MH Output upper limit value -10 to 110 100.0
+20 ML Output lower limit value -10 to 110 0.0
+22 RH Engineering value upper limit -999999 to 999999 100.0
+24 RL Engineering value lower limit -999999 to 999999 0.0
+26 PH Upper limit alarm set value RL to RH 80.0
+28 PL Lower limit alarm value RL to RH 20.0
+30 HH Upper limit alarm value RL to RH 90.0
+32 LL Lower limit alarm value RL to RH 10.0
+34 — — — 0
+36 — — — 0
+38 a Filter coefficient Oto1 0.0
+40 HS Upper/lower limit alarm hysteresis |0 to 999999 3.0
+42 CTIM Change rate alarm check time 0 to 999999 8.0
+44 DPL Change rate alarm value 0to 100 30.0
+46 CT Control cycle 0 to 999999 1.0
+48 DML Output change rate limit value 0to 100 100.0
+50 DVL Deviation limit value 0to 100 25.0
+52 P Gain 0 to 999999 3.0
+54 | Integral constant 0 to 999999 8.0
+56 D Derivative constant 0 to 999999 5.0
+58 GW Gap width 0to 100 15.0
+60 GG Gap gain 0 to 999999 2.0
+62 MVP MV inside operation value -999999 to 999999 0.25
+64 o 2-degree-of-freedom parameter o |0 to 1 0.0
+66 B 2-degree-of-freedom parameter 8 |0to 1 1.0
(4) Processing time
(a) Processing times of used instructions
Instruction For QnPHCPU For QnUDPVCPU
S.IN 69us 34us
S.PHPL 100us 40us
S.2PID 136us 55us
S.0UT1 47us 30us
(b) Processing time of loop type
Instruction For QnPHCPU For QnUDPVCPU
S2PID 352us 159us
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WARRANTY

Please confirm the following product warranty details before using this product.

1. Gratis Warranty Term and Gratis Warranty Range

If any faults or defects (hereinafter "Failure") found to be the responsibility of Mitsubishi occurs during use of the
product within the gratis warranty term, the product shall be repaired at no cost via the sales representative or
Mitsubishi Service Company.

However, if repairs are required onsite at domestic or overseas location, expenses to send an engineer will be

solely at the customer's discretion. Mitsubishi shall not be held responsible for any re-commissioning,

maintenance, or testing on-site that involves replacement of the failed module.

[Gratis Warranty Term]

The gratis warranty term of the product shall be for one year after the date of purchase or delivery to a designated

place.

Note that after manufacture and shipment from Mitsubishi, the maximum distribution period shall be six (6) months,

and the longest gratis warranty term after manufacturing shall be eighteen (18) months. The gratis warranty term of

repair parts shall not exceed the gratis warranty term before repairs.

[Gratis Warranty Range]

(1) The range shall be limited to normal use within the usage state, usage methods and usage environment, etc.,
which follow the conditions and precautions, etc., given in the instruction manual, user's manual and caution
labels on the product.

(2) Even within the gratis warranty term, repairs shall be charged for in the following cases.

1. Failure occurring from inappropriate storage or handling, carelessness or negligence by the user. Failure
caused by the user's hardware or software design.

2. Failure caused by unapproved modifications, etc., to the product by the user.

3. When the Mitsubishi product is assembled into a user's device, Failure that could have been avoided if
functions or structures, judged as necessary in the legal safety measures the user's device is subject to or
as necessary by industry standards, had been provided.

4. Failure that could have been avoided if consumable parts (battery, backlight, fuse, etc.) designated in the
instruction manual had been correctly serviced or replaced.

5. Failure caused by external irresistible forces such as fires or abnormal voltages, and Failure caused by
force majeure such as earthquakes, lightning, wind and water damage.

6. Failure caused by reasons unpredictable by scientific technology standards at time of shipment from
Mitsubishi.

7. Any other failure found not to be the responsibility of Mitsubishi or that admitted not to be so by the user.

2. Onerous repair term after discontinuation of production

(1) Mitsubishi shall accept onerous product repairs for seven (7) years after production of the product is
discontinued.
Discontinuation of production shall be notified with Mitsubishi Technical Bulletins, etc.

(2) Product supply (including repair parts) is not available after production is discontinued.

3. Overseas service

Overseas, repairs shall be accepted by Mitsubishi's local overseas FA Center. Note that the repair conditions at
each FA Center may differ.

4. Exclusion of loss in opportunity and secondary loss from warranty liability

Regardless of the gratis warranty term, Mitsubishi shall not be liable for compensation of damages caused by any
cause found not to be the responsibility of Mitsubishi, loss in opportunity, lost profits incurred to the user by Failures
of Mitsubishi products, special damages and secondary damages whether foreseeable or not, compensation for
accidents, and compensation for damages to products other than Mitsubishi products, replacement by the user,
maintenance of on-site equipment, start-up test run and other tasks.

5. Changes in product specifications

The specifications given in the catalogs, manuals or technical documents are subject to change without prior notice.
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The company names, system names and product names mentioned in this manual are either registered trademarks or
trademarks of their respective companies.
In some cases, trademark symbols such as '™' or '®' are not specified in this manual.
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