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Manual Contents

This manual describes the ladder logic programming instructions used to program the MEMOCON GL120
and GL130 Programmable Controllers (PLCs). Please read this manual carefully and be sure you under-
stand the information provided before attempting to program a MEMOCON PLC.

Visual Aids

The following aids are used to indicate certain types of information for easier refere-jnce.

[r___,‘—-p Indicates references for additional information. ,

1

IMPORTANT | Indicates important information that should be memorized.f
|

EXAMPLEM» Indicates application examples. :
|

Olﬂ]ﬁ)b indicates supplemental information.
» SUMMARY Indicates a summary of the important points of explanations.

Note Indicates inputs, operations, and other information required for correct operation
but that will not cause damage to the device. ‘

’Eﬁﬁ‘ Indicates definitions of terms used in the manual. i

1
|
1
1
'

NOTICE

The following conventions are used to indicate precautions in this manual. Failure to heed precautions
provided in this manual can result in injury to people or damage to the products.

/N\WARNING Indicates precautions that, if not heeded, could possibly result in loss of life or
serious injury.

&Caution Indicates precautions that, if not heeded, could result in relatively serious or minor
injury, damage to the product, or faulty operation, '

©Yaskawa, 1997
]
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Allrights reserved. No part of this publication may be reproduced, stored in aretrieval system, or transmitted, in any form, or
by any means, mechanical, electronic, photocopying, recording, or otherwise, without the prior written permission of
Yaskawa. No patent liability is assumed with respect to the use of the information contained herein. Moreover, because
Yaskawa is constantly striving to improve its high-quality products, the information contained in this manual is subject to
change without notice. Every prccaut.ion has been taken in the preparation of this manual. Nevertheless, Yaskawa assumes
no responsibility for errors or omissions. Neither is any liability assumed for damages resultmg from the use of the
information contained in this publication. i
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Introduction and Precautions

This chapter introduces general information, including basic informa-
tion and precautions for the use of this manual and the software. You
must read this chapter before attempting to read the rest of the
manual or using the product. ,

L1 Overview of Manual ............ vesss  Intro-2
L2 Safety Precautions ........cconenuens Intro-4
L3 Using this Manual .......... crseenes l Intro-5
1.4 Reference Numbers ......ce0vuveenee : Intro-6
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Introduction and Precautions

1.1

Overview of Manual

» This manual describes the program control instructions used to create ladder logic pro-
grams for MEMOCON GL120 and GL130 Programmable Controllers. Basic, expansion
math, communications, and motion control instructions are described in other manuals.

» Read this manual carefully in order to use the instructions properly. Also, keep this manual

in a safe place so that it can be used whenever necessary.

» Refer to the following related manuais.

Manual Name

Manual No.

Content

MEMOCON GL120, GL130
Hardware User’'s Manual

S|IEZ-CB25-20.1

Describes system configuration
devices, functions, specifications,
and application methods for the
GL120 and GL130.

MEMOCON GL120

SIEZ-CB825-20.1-1

Describes the functions,

CPU21 Module
User's Manual

CPU10 Module specifications, and usage of the
User's Manual ‘CPU10 Module.
MEMOCON GL120 SIEZ-C825-20.1-2 Describes the functions,

specifications, usage, and
extended memory access
instructions of the CPU21
Module.

MEMOCON GL130
CPU35 Module
User’'s Manual

SIEZ-C825-20.1-3

Describes the functions,
specifications, and usage of the
CPU3E Module.

MEMOCON GL120, GL130
Software User's Manual,
Vol.1

SIEZ-C825-20.11

Describes the following for the
GL120 and GL130:

1} Operating principies, 2) I/O
allocation, 3) Overview of
instructions and 4) Instruction
processing times.

MEMOCON GL120, GL130
Software User's Manual,
Vol.2

SIEZ-C825-20.12

Describes the programming
instructions used to create ladder
logic programs for the GL120 and
GL130.

MEMOCON GL120, GL130
Software User's Manual,
Vol.3

SIEZ-C825-20.13

Describes the expansion math
instructions (e.g., floating point
math instructions) for the GL120
and GL130.

MEMOCON GL120, GL130
PC Link Module User's
Manual

SIEZ-C825-70.4

Describes the PC Link Module
and the FBUS communications

| instruction for the GL120 and

GL130.

MEMOCON GL120, GL130
MEMOBUS PLUS User's
Manual ‘

SIEZ-C825-70.5

Describes the MEMOBUS PLUS
and the MSTR communications
instruction.

MEMOCON GL120, GL130
COM Instructions User's
Manual

SIEZ-C825-70.14

Describes the COM
communications instruction.

— Intro-2 —




L1 Overview of Manual

m

Manual Name

Manual No.

1Content

MEMOCON GL120, GL130
Motion Module MC20
Software User's Manual

SIEZ-C825-20.52

Deascribes the motion controi
instructions for the GL120 and
GL130. :

MEMOCON GL120, GL130
Motion Module MC20
Hardware User's Manual

SIEZ-C825-20.51

Describes the design and
maintenancc? of Motion Modules.

MEMOCON GL120, GL130

SIEZ-CB825-60.7

Describes the functions,

User’s Manual

P120 Programming Panel specifications and usage of the
{(MEMOSOCFT) User’s P120Programming Panel with
Manual MEMOSOFT.

MEMOCON, GL120, GL130 | SIEZ-C825-60.10 Describes the functions and
MEMOSOFT for DOS operational methods for

MEMOSOFT for DOS.

MEMOCON GL120, GL130
120 Series /O Modules
User's Manual

SIEZ-CB825-20.22

Describes the functions,
specifications and usage of the
120-Series I/O Modules.

1

« Thoroughly check the specifications and conditions or restrictions of the product before us-

ing it.

— Intro-3 —
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Introduction and Precautions

1.2

Safety Precautions

« MEMOCON was not desighed or manufactured for use in devices or systems that concern
human lives. Users who intend to use the product described in this manual for special pur-
poses such as devices or systems relating to transportation, medical, space aviation, atom-
ic power control, or underwater use must contact Yaskawa Electric Corporation before-
hand. :

« This product has been manufactured under strict quality control guidelines. However, if this
product is to be installed in any location in which a failure of MEMOCON invoives a life and
death situation or in a facility where failure may cause a serious accident, safety devices
MUST be installed to minimize the likelihood of any accident. -

= Any illustrations, photographs, or examples used in this manual are provided as examples
only and may not apply to all product to which this manual is applicable.

« The products and specifications described in this manual or the content and presentation of
the manual may be changed without notice to improve the product and/or the manual. A
new version of the manuai will be re-released under a revised document number when any
changes are made.

» Contact your Yaskawa representative or a Yaskawa office listed on the back of this manuai
to order a new manual whenever this manual is damaged or lost. Please provide the docu-
ment number listed on the front cover of this manual when ordering.

» Contact your Yaskawa representative or a Yaskawa office listed on the back of this manual
to order new nameplates whenever a nameplate becomes worn or damaged.

« Yaskawa cannot make any quality guarantee for products which have been modified.
Yaskawa assumes no responsibility for any injury or damage caused by a modified product.

— Intro-4 —
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1.3 Using this Manual
w

1.3  Using this Manual

i

This manual is written for the following personnel: %

|

» Personnel responsible for designipg GL120 or GL130 ladder programs'.

« Personnel responsible for testing GL120 or GL130 ladder programs. :

« Personnel responsible for debugging GL120 or GL130 ladder programs?dur'mg trial opera-
tion. o

« Personnel responsible for maintaining GL120 or GL130 ladder programs.
|

» Basic Terms

In this manual, the following terms have the meanings described below.
 PLC = Programmable {Logic) Controller :
» PP = Programming Panel i

» GL120, GL130 = MEMOCON GL120 and/or MEMOCON GL130:Program-
mable Controller :
1

» Technical Terms |

The bold technical terms in this manual are briefly explained in the Glossary provided at
the bottom of the page. An example is shown below.

Glossary

The following types of terms are described.
« Specific sequence control terms required for explanation of functions.
« Terms that are specific to programmable controllers and electronic devices.

!
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Introduction and Precautions

.4 Reference Numbers

The types and ranges of reference numbers that can be used with each instruction are pro-
vided in this manual under the heading Structural Elerments, as shown in the following exam-
ple. These reference numbers are specified as follows:

1) The ranges listed in the tables are for initial values.

2) Two systems are used for reference numbers for holding registers and link registers: Ref-
erence numbers beginning with numbers are called numeric reference numbers and
those beginning with letters are called lettered reference numbers. In the Structural Ele-
ments tables, the lettered reference numbers are given in parentheses.

v

Structural Elements of PID2

Element Meaning Possible Settings

Top (8} | Source Holding register: 400001 to 409979 (W00001 to W0S979)
reference
number Link register: R10001 to R11004 or R20001 to R21004
Middle Pointer Holding register: 400001 to 409991 (W00001 to W09991)
(P) reference
number Link register: R10001 to R11016 or R20001 to R21016
Bottom Destination Constant: #00001 to #00255
(Z) table size - '

— Intro-6 —



Preparing to Configure a P1D

System

This chapter explains the Modules and Cables necessary fo configure
|
a PID system. :

1.1 MEMOSOFT Preparations ......co0000 woo 12

1.2 Preparing Connection Cables ........... he. 13
i

1.3 CPUPreparations .........covveveeneas oo 14
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Preparations for Configuring a PID System

1.1 MEMOSOFT Preparations

1) Prepare the follbwing programming software to program the PID circuit using a PC.
a) DOS
MEMOSOFT for DOS (model: FMSGL-DV3) is necessary.
b) P120-series Programming Panel

MEMOSOFT for P120 (model: FMSGL-PP3) is necessary.

—_12



1.2 Preparing Connection Cables

1.2 Preparing Connection Cables

1) Selectthe necessary cables from Tables 1.1, 1.2and 1.3according to the PLC and com-
puter. !

a) Connecting via MEMOBUS

Table 1.1 MEMOBUS-Computer Cables

PLC DOS Computer Cable

Model Cable Length
MEMOCON GL120, GL130 | JZMSZ-120W0202-03 |2.5m
JZMSZ-120W0202-15 |15 m

Note JZMSZ-120W0200-00 D-sub connector (25 pin) cable
JZMSZ-120W0201-00 Half-pitch (14 pin) cable

Table 1.2 MEMOBUS-P120 Programming Panel Cables|

PLC P120-Series Panel Cable !

: Model : Cable Length

MEMOCON GL120, GL130 | JZMSZ-120W0203-03 [25m |
JZMSZ-120W0203-15 [15m !

b) Connecting via MEMOBUS PLUS

Table 1.3 MEMOBUS PLUS-P120/DOS

1
|
|
PLC DOS Computer/ P120-series Panel |
Cabie .
Model Cable Length
MEMOCON GL120, GL130 | JZMSZ-120W0B00-03 [2.5m

JZMSZ-120W0800-15 {15 m

Note (a) Itis necessary to installa MEMOBUS PLUS Communications Board (model:
SA8S).

{b) The cables shown in Table 1.3are used for 1:1 communications between the
GL120/GL130 and SA85.

—1-3— |



Preparations for Configuring a PID System

1.3 CPU Preparations

1) Configuring circuits for one loop of PID control requires an Analog Input Module to input
the process variable and an Analog Output Module to output the manipulated variable, as
shown in Figure 1.1 below.

jable
_. X% n k Input var
4 Module
o4 4y = .
PID2 Process
. K R .

Analog Manipulated

PID2 Instructionin |5 Output [ Yariable
CPU ] Module

Figure 1.1 PID Loop Configuration

2) Configuration

The GL120 and GL130 systems are configured using Modules. Configuring circuits for
one loop of PID control requires at least a Power Supply Module, a CPU Module, an Ana-
log Input Module, and Analog Output Module, and a Mounting Base (to which the Mod-
ules are mounted), as shown in Figure 1.2.

A list of the model numbers and specifications of each Module is provided in Table 1.4
below. i

Mounting Base

Power CPU D/A A/D
Supply’

Figure 1.2 Basic GL120 and GL130 Configuration
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1.3 CPU Preparations

1
i
Table 1.4 GL120 and GL130 Modules |

Module

Module Description

Model

‘Specifications

Power Supply
Module

PS10

JRMSP-120CPS11300

input:  100/200 VAC
Output: 7 A, 5VDC

PS05

JRMSP-120CFPS11100

Input:  100/200 VAC
Output: 3 A, 5VDC

PS11

JRMSP-120CPS21300

Input: 24 VDC
Qutput: 7 A, 5VDC

PS06

JRMSP-120CPS21100

input: 24VDC
Qutput: 3A,5VDC

CPU Module

CPU10

DDSCR-120CPU14200

Program: 8 kW,
DIO:1,024 points,
RIO: 512 registers

CPU20

DDSCR-120CPU34100

Program: 16 kW,
DIO:1,024 points,
RIO: 512 registers

CcPu21

DDSCR-120CPU34110

Program: 16 kW,
DI0:1,024 points,
RIO: 512 registers

CPU30

DDSCR-130CPUS4100

Program: 32 kW, DIQ:
4,096 points,
RIO: 512 registers

CPU35

DDSCR-130CPUS4110

Program: 40 kW, DIO:
4,096 points,
RIO: 512 registers

Analag Output
Module

(converts digital to

analog)

D/A-VOL-2CH

JAMSC-120AVC01000

-10Vto+10 V, 12 bits,
2 channels

D/A 0-10V 2CH

JAMSC-120AVO01100

0V to+10V, 12 bits, 2
channels

D/A 0-5V 2CH

JAMSC-120AV001200

0 Vito +5V, 12 bits, 2
channels

D/A-CUR-2CH

JAMSC-120AC001000

4 mA to 20 mA, 12 bits,
2 channels

Analog Input Module
(converts analog to

digital)

A/D-VOL-4CH

JAMSC-120AVI02000

=10V to +10V, 12 bits,
4 channels

A/D 0-10V 4CH

JAMSC-120AV102100

O0Vto+10V, 12 bits, 4
channels

A/D-CUR-4CH

JAMSC-120ACI102000

4 mA to 20 mA, 12 bits,
4 channels

Mounting Base

MBO6

JRMSI-120XBP00600

6-slot Mounting Base

MBO8

JRMSI-120XBP00800

8-slot Mounting Base

MB10

JRMSI-120XBP0Q1000

10-slot Mounting Base

MB12

JRMSI-120XBP01200

12-slot Mounting Base

MB16

JRMSI-120XBP01600

16-slot Mounting Base

3) Analog /O Module Allocation

« Refer to section 6.3 in the MEMOCON GL120, GL130 MEMOSOFT for DOS User’s
Manual (SIEZ-C825-60.10)

» Refer to section 6.3 in the MEMOCON GL120, GL130 Programming Panel P120
(MEMOSOFT English version) User's Manual (SIEZ-C825-60.7).

—1-5—




Preparations for Configuring a PID System
L

» Refer to chapter 3 in the MEMOCON GL120, GL130 120-Series I/O Modules User’s
Manual (SIEZ-C825-20.22).

4) Analog /O Module Wiring

» Refer to chapter 4 in the MEMOCON GL120, GL130 Hardware User's Manual
- {SIEZ-C825-20.1). '

» Refer to the MEMOCON GL120, GL130 120-Series /O Modules User's Manual
(SIEZ-C825-20.22).

—1-6 —



Specifications

This chapter explains the basics of PID control and the details of the
registers used in the ladder logic program.

i
i
|
1
|
1
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21.1 PID SystemOVeIrVIEW ...........vveennrnn..! .. 2-2
2.1.2  Propoertional (P)Control .................. ... e 2-3
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Specifications
2.1.1 PID System Qverview

M

2.1 PID Overview

E This section explains the basic operation of PID control.

211
2.1.2
2.1.3
2.1.4

PID System Overview ................. e 2-2
Proportional (P) Control .............. e e 2-3
Proportional Integral (PI) Control ...... [ 2-4
Proportional integral Derivative (PID) Control ...l 2-5

2.1.1 PID System Overview

1) PID control involves adding to the process the manipulated variable calculated using P
{proportional), | (integral), and D (derivative) control for the difference (process error) be-
tween the actual process value and the set point, thereby approaching the set point.

Note PID is an abbreviation for Proportional Integrat Derivative.

a) Closed-loop Control

Closed-toop control is a system which measures, analyses, and adjusts the process
error from the set point in order to achieve and maintain an ideal process state.
Closed-loop control ¢can be programming in the ladder logic program using a PID con-
trol block called PID2.

b) Set Point (SP) and Process Variable (PV)

In a PID2 block, the set point is abbreviated as SP, and the process variable is abbre-
viated as PV. The difference between SP and PV is referred to as the process error
(E). Process error (E) is defined as follows:

E=SP-~PV

E is used in a control calculations that generate a manipulated variable {MV)to control
the process so that PV =8P, i.e., E= 0.

1
MV ! - _
1
1 Control —I—>
E | section Process
! Detection

section

ro

L]

’ |
.-

1

PID
controller

Figure 2.1 Closed-loop Control System

Note This manual discriminates between different versions of the set point (SP) and

process variable (PV) as follows:
Internal units: SP value, PV value’
Engineering units: Sp vaiue, Pv value -
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2.1 PID Overview

2.1.2 Proportional (P) Control !
1) In P control, the maniputated variables is determined by applylng a prcIJportlona! constant
K4 to the process error (E) and adding a bias.
MV = K, x E + Bias

{
1
1
|

2) Here, the reciprocal of the constant K, is used as a percentage instlead of Ky. Itis ex-

pressed in terms of the proportional band PB. ‘
|
|
|

K, = 100/P8

If the proportional constant Ky is increased (or the proportional band PBis decreased), a
large output will be produced even if the process error is small, allowing a quick response
and making it possible to reduce the constant process error. If K is increased further,
however, it will cause oscillations and eventually will result in a continuous oscillation.

i
Even if proportional control is applied, a constant process error will remain between PV
and SP. While it is possible to eliminate the process error by adjusting the bias manually
(manual reset), normally the process status changes as a result of iother system vari-
ables, so ifthe bias is kept fixed, the process error will occur again. This status is the limit

of proportionai control. ;

OIIIIEP 1) The proportional band determines the effective change width for the process error and
manipuiated variable. The proportional bandis expressedas a percentage ofthe change
in the process error needed for the manipulated variable to change by the effective
change width under proportional control.

2) During manual operation, the values of integral terms in registers 4Y+3 4Y+4, and 4Y+5
are always used even when integral action is not selected. This is necessary for bump-
less switching between manual and automatic operation. (Refer to 2.6.4 Bumpless
Swilching Befween Manual and Automatic.) If bumpless switching is not used, these reg-
isters must always be kept clear. Z

K1 xUl_.

> t (fime) > t (time)
Step Input with Size U Proportional Control Output

‘Figure 2.2 Proportional Control Step Response
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Specifications
2.1.3 Proportional Integral (PI) Control

2.1.3 Proportional Integral (Pl) Control

1) By adding an integration function to the control expression, it is possible to eliminate the
process error without manually changing the bias.

MV=K, (E+ szEdt)

2) Itis possible for Pl control to eliminate the process error by integrating process erroras a
function of time. Kz is the integrai constant. As long as E is not 0, the integrator continues
to increase (or decrease) its value, thereby adjusting the MV. This can be continued until
the process error is eliminated. Because the objective of integral action is eliminating the
constant process error, it is also referred to as reset action.

3) The strength of integral action is expressed by the integral constantK. I Ky isincreased,
the output of the integral action will change greatly. if it istoo large, it will cause oscillation,
and if it is too small, it will take a long time for the process error to be eliminated.

OI]IEJD The integral constant K (reset rate) is the reciprocal of the reset time constant.
Taking the reset time constant as T+, we get the relation B

K,=1/T,
The reset time constant is the time taken from the step input until the pfoportional action
equals the integral action.

4 A ' Pl action
{ action
KixU}-- P action
]
Utr- :
— > t {time}) + > 1 (timea)
Step Input with Size U !< -~
' T1(=1/Kz) ‘

" Proportional-Integral Response

Figure 2.3 Reset Time Constant Definition
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. 21 PID Overview
e s

i
1
1
1
1
|

2.1.4 Proportional Integral Derivative (PID) Control

1) A derivative action is added to eliminate as quickly as possible process error generated
by disturbance and to eliminate instability in delay resulting from the integral action.

MV = K, (E+K2-IEdr-K3-dPV/dt)

2) Kgis a derivative constant. dPV is the change in PV overtime dt. Therefore if PV is fixed,
the derivative action will not operate. Derivative action is referred to as rate action be-
cause it is in proportion to the rate of change in the signal.

|

3} If the derivative constant K3 is increased, the output of the derivative action will also in-
crease. When Kj is too large, oscillation will occur easily. !

OI]IEIP The derivative constant K (rate time constant) is the time taken from lamp input until the pro-
portional action equals the derivative action. j

Output |
A A
| PD action
|
‘ P action
--- : ./ D action
|
I
! i
> t(time) . : : > t (time)
Lamp input < %
) Ka ! ]
Response of Proportional/
Derivative Action

l
Figure 2.4 Rate Time Constant Definition ;
|
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Specifications
“
2.2.1 General PID Calculations

2.2 PID Calculations

JJ This section explains PID calculations.

2.2.1 General PID Calculations

1) The general equation for PID calculations (error value differentiation) of continuous ana-

log values is shown at () below. The relationships between the elements in the calcula-
tions is shown in Figure 2.5.

dE(g

M = ERMED + L[ Bt + Td S22 ) 4 My (@)
MV
(manipulated .
SP (set point) oSt e) S variatie) ,@M’*“”“"”
D
N

i

Figure 2.5 Error Value Differentiation -

| IMPORTANTl 2) GL120 and GL130 use process variable differentiation, in which the derivative effect
works not on process error but on the process variable. The equation for calcutating pro-
cess variable differentiation is shown at (b) below. The relationships between the ele-
ments in the calculations are shown in Figure 2.6.

| _ 100 1 aPVin -
MWD = B {EM + 5 [E) ot - Td =3+ Moo, (b)
MV
(manipulated
iabl .
SP (set point) _;,:Q Eleron ™5 : -Valjﬂ e) — PV (process variable)
. \"‘“—‘r :
g
sl D |
g

Figure 2.6 Process Variable Differentiation
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| 22 PID Calculations
m

For (a) and (b) above, !
4 Time {s) '
MV(): Manipulated variable ,
Eft:  Process error ‘
PV(t): Process variable

E(t) = SP{t) - PV(t) SP(t): Set point
PB: Proportional band [%]

Ti: Reset time constant [s]
M: Bias

|

: |
Td: Rate time constant [s] |
l

l

2.2.2 PID Calculations for GL120 and GL130 PLCs .

1) In GL120 and GL130 PLCs, the process variable differentiation equation at (b) is digital-
ized and calculated using the following approximate expression (integral — sum, deriva-

tive — differential). ! 2
|

MWL) = K [E(t) + %EE(!‘,,) - Ts — BOK,{PV(L) — PVt )} x %s 1+ Mo
RIS {c)
|
1

tn: Time for the nth sampling cycle [s] :

Ts: Sampling cycle [s] tn =nTs .

Ki: Proportional gain Ks=100/PB  PB: Proportional band [%]

Ko: Reset rate [repeats/min] Ko = 60/Ti ,

Ka: Rate time constant [min] K3 =Td/60

M, Bias

Filter: Fifter constant (RGL)
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Specifications
2.3.1 The Effects of Process Variable Differentiation

2.3 Derivative Term

] This chapter explains the derivative term and its features

2.3.1 The Effects of Process Variable Differentiatipn ....................... 2-8
232 Fiers ....vviivmiiiiiiiit ettt e, e ieeneeeeaenn 2-8

2.3.1 The Effects of Process Variable Diffeyrentiation

1) Process variable differentiation is suited for controlllng set points that are set toa
constant value. -

2) Set points are often changed manually, and geneirally their rate of change is much faster
than the rate of change of the manipulated variable in response to disturbance. With nor-
mal error value differentiation, the control response deteriorates because the derivative
action is too responsive to changes in the set point.

3) In process variable differentiation, control action against disturbance is exactiy the same
as that forerror value differentiation. Differentiation does not work against changes in set
points, however, so differentiation is never too responsive.

4} In process variable differentiation, changes in set point become changes in the manipu-
lated variable, and they are input to the differential-type derivative action. In this case,
however, changes pass through a delay in the control system, so changes are slowed
down, and do not have any adverse effects.

2.3.2 Filters

1} For a step input, for example, if derivative calculations are used, a response like that
shown in Figure 2.7 (b) will result. This is referred to as exact differentiation. Theoretically
it is possible to produce a pulse wave output of unlimited size with a time amplitude of 0,
but with waveforms with this fine shape, the external control unit will not respond no mat-
ter how highitis. In addition, the effective range of the control signal is exceeded, and the
functions of the derivative action will not only be unable to be utilized fully, but they also
become hazardous.

2) To prevent this, a low-pass filter (initial delay filter) that cuts the high frequency compo-
nents before derivatives are input, and inexact differentiation is used. (Refer to Figure
2.8.) Stated simply, it entails somewhat slowing the changes in output generated by dif-
ferentiation (giving it a time amplitude), then providing an upper limit to output, thereby
making derivative action work effectively.

3) Although the rate gain limit (RGL) constant is used as a filter constant, the smaller the
value of this RGL constant becomes, the more effect it has as a low-pass filter. The step
response changes shown in Figure 2.7 and Figure 2.9 are according to the filter constant
RGL of the low-pass filter and the size of the rate time constant of the derivative term.
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' 2.3 Derivative Term

F 3 N
a a !
—_— a: Size of outptin
t: Time ;
|
i
>t > t |
{a) Step Input (b) Step Response for Exact Differentiaticn l
' |
N l
a !

.
7

: !

(c) Step response for Inexact Differentiation |
|

1

Figure 2.7 Step Response for Derivative Terms

Process variable : ;'
1 Filter Differenti- | .
] (RGL aton |17 !
i 1 constant) {D) : |

Figure 2.8 Inexact Differentiation

1
|
A A l
|

a a
a: Size of output
t ﬁmq
!
> t >t !
RGL value: large RGL value: small i
(a) Filter Constant for Inexact Differentiation: RGL
H F 3
a a

> t \ 5t

Rate ime constant: small Rate time constant: large
(b) Rate Time Constant for Inexact Differentiation: Ty

Figure 2.9 Step Response to Changes in Filter Constant (RGL) for lnexa:ct Differentiation
and Rate Time Constant

!
|
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m

2.3.2 Filters cont.

2.4 Block Diagram for PID2 Instruction

l This section shows the block diagram of calculation of PID2 instructions.

PID Calculation Block Diagram

The PID2 instruction executes PID calculations usmg algorithms corresponding to the block
diagram shown below. (Figure 2.10)

" _
+Axn ﬂ*ﬁfs_@

RGLxTs__ | ax| [ BOGREDKs

*RGLxTs+6 0is RGLxTs
K3:4X+7
spP o,
: + E:4Y+7 r'ﬁ"';ﬁo-n-ai-u
(4X+1-4X+2) x 4095 oyl o5
(411-4X+12) ‘---------:---'
Output
Bias { clamp -‘-lm—-
8 AR . an7 | ez
I ral '
Fios - s
Tice
Kz2:4X+6
K:Ts [ dl
600000 :
tn—ijﬁ In

I
O maves L]

In ofiset: 4Y+4, 4Y+5

E: Process error
SP; Set point ~ (0to 4095)
PV: Process variable (0 to 4095)

h & Filtered PV
Ki: Proportional gain constant (100/PB) .

Ka: Integral gain constant {resetrate) ° (0 to 9999} x 0.01/min
Ka: Derivative gain constant - (0to9999) x 0.01min
RGL: Derivative gain filter constant (2 to 30)

Ts: Sampling time " (1to255) x 0.01s
PB: Proportional band (5% to 500%)

Bias: Loop output bias (0 to 4095)

M: l.oop output
GE:  PD term output

Z D term output

Qn: Bias-eliminated loop output :

F: Feedback value . - (0 to 4095)
I: | term output

Note Integral terms are calculated by integrating the difference between actual output
(M) and the integral value (). This has the same effect as subjecting the process
error to integral caiculation.

Figure 2,10 PID2 Instruction Executlon Block Diagram
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2.5 PID2 Ladder Logic Instruction

2.5 PID2 Ladder Logic Instruction |

|
This chapter explains the ladder logic I/O, and the contents of the top, middle and bottorn
registers of the PID2 instruction. :

|
2.5.1 Function | ........ 2-11

252  Stucture of PID2 INSIUCHON ...« eeerevieinereannnenentinnennss 2-11
253 SpecifyingOperation .......c.viiriiiiiiiiiiiiiiiiiieae b 212
254 RegisterContents ....... ...t i 2-13

2.5.1 Function

1} The PID instructionfor GL120 and GL130 PLCs perform PID calculaticfms using the equa-
tion given below (equation from 2.2.2) using the values set in holding registers.
|

|
K
MWL) = K [E(t) + g2ZE(t) - Ts — [Fiter] 60Ko PVt — PV{t,..) ) > %s 1+ Mo

tn: Time in the nth sampling cycle [s] '
Ts: Sampling cycle [s] tn=nTs :
Ky: Proportional gain K1=100/PB  PB: Proportional band [%]
Ka: Reset rate [repeats/min] Kz = 60/Ti I
Ka: Rate time constant {min] K3 = Td/60 i
M Bias '

Filter: Filter constant (RGL) : !

2.5.2 Structure of PID2 instruction

Input 1 =i 4% — Output 1 |
Input 2 = 4y — Output 2 '
Input 3 — PID2 — Qutput3 :

K |

Figure 2.11 Structure of PID2 Instruction

Table 2.1 Structural Elements of PID2 Instruction

Element Meaning Possible Settings

Top Source Holding | 400001 to 409979 Link R10001 to R11004
(S) reference no. registers | (W00001 to W08979) | registers | R20001 to R21004
Middle Pointer _ Holding |400001 to 409991 Link R10001 to R11016
(P) reference no. registers ; (W00001 to W09991) | registers | R20001 to R21016
Bottom | Size of Constant |#00001 to #00255 !

{2) destination table ‘
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m
2.5.3 Specifying Operation . '

1) Size of Elements

PID2 requires three'e[ements (top, middle, and bottomn)} in the vertical direction on the
network.

a) Top Element

The top element, 4X, provides the starting reference number of the source table in
which PID parameters are stored. Refer to Table 2.5 for the meanings of the data set
in each register. .

b) Middle Element

The middle element, 4Y, represents the startihg reference number of the destination
table that stores the results of PID calculation resuits. Referto Table 2.6forthe mean-
ings of the data set in each register.

¢) Bottom Element

The bottom K sets the sampling cycle of the PID calculation in 0.1-s units. Values can
be set from 1 to 255 (0.1 s to 25.5 s)

2.5.3 Specifying Operation :

1) Inputs
Table 2.2 PID2 Inputs
Input ON OFF
Input 1 | Automatic (AUTQ) mode Manual {MAN) mode
Input2 | Integral preload mode ON Integral preload mode OFF
input3 | Reverse output Direct output
MV (manipuiated variable) is MV (manipulated variable) is
decreased by increase in E increased by increase in E
(process error ), {process error).
2) Qutputs
Table 2.3 PID2 Outputs
Output Conditicns that Turn it ON

Qutput 1 | Error in calculation parameters or node lockout
Output 2 | Pv (process variable) = CH (process variable upper limit alarm value)
Output 3 | Pv (process variable) < CL (process variable lower limit alarm value)
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3) Operating Mode

1
|
I
1
1

2.5 PID2 Ladder Logic Instruction

Any of three operating modes, P control, Pl control, or PID control, can be set forthe PID2
instruction using the parameters sst in the source table, as shown il']l Table 2.4.

Refer to Table 2.5 for parameter details.

Table 2.4 PID Operating Mode

Source Table (Starting Register = Value of 4X)

PID
Operating 4X+5: 4X+6: 1/Reset | 4X+7:RRate Time |@  4X+8:
Mode | proportional Band | Time Constant Constant ! Bias Value
P 5 to 500 0 0 110 4095
Pl 510 500 1109999 - 0 0
PID 5 to 500 1 %0 9999 1109899 .

IMPORTANT

0

Note (a) The actual reset rate (1/reset time constant) is the set numeric value multiplied

by 0.01,i.e., between 0.01 and 99.99 [repeats/min). Setthe resetrateto O ifitis

not used.

1

1
(b) The actual rate time constant is the set numeric value multipiied by 0.01, i.e.,
between 0.01 and 99.99 [min]. Set the rate time constant to 0 if it is not used.

If PID control is carried out with the proportional band PB set to 10§[%], the reset time
constant Ti set to 60 [s], and the rate time constant Td setto 15 [s),!

<EXAMPLED

{

K, = 100/PB, PB = 10 [%] ,

K, = 60/Ti = 1 [repeals/min.]

K, = Td/60 = 0.25 [min] |
1
1

Therefore, set 4X+5 10 10, 4X+6 to 100, and 4X+7 to 25.

2.5.4 Register Contents

1) Source Table

The source table is a group of 21 consecutive registers that starts with the holding regis-
ter specified for 4X. It is used to set the various parameters necessary for PID calcula-
tions. Table 2.5 shows the meanings of the parameters set in the holding registers.

In the register address column of the table, 4X+n refers to the nth holding register count-
ing from the holding register 4X, i.e., from the starting reference number. For example, if
4X is 400100, then 4X+5 is 400105.

in the preset yes/no column, those values marked “Yes” are variable constants, and are
numbers which are set before carrying out PID calculations. These values can be varied
in a different ladder logic circuit while the PID circuit is operating.
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2.5.4 Register Contents cont.

2) Destination Table

The destination table is a group of 9 consecutive reglsters that starts with the holding reg-
ister specified for 4Y, It stores the PID calculation error data,

Table 2.6 shows the meanings of the data set in each holding register. in the register ad-
dress column of the table, 4Y+n refers to the nth holding register counting from the hold-
ing register 4Y, i.e., from the starting reference number. For example, if 4Y is 400200,
then 4Y+9 is 400209.

Table 2.5 Source Table

Register Contents ) Meaning Range of Unit Preset
Address Numerical Yes/No
Values

4X Scaled Pv The process variable scaled into engineering units, 0000 to 9999 | Engineering | No
which is updated with each scan. units

The process variable (4X+13) is scaled from the

settings for the upper limit (4X+11) and lower limit
{4X+12) in engineering units. ‘
The equation is as follows: ' -

PV = {(4X+13)/4095} x {(4X+11) - -(4X+12)} +
(4X+12)

4X+1 Set point Sp The set point expressed in engineering units. The . | 0000 to 9999 | Engineering | Yes
following refation must be met. units

SL (4X+12) < Sp < SH (4X+11)

4X+2 Qutput MV The manipulated variable. It is clamped (limited) . 10000 to 4095 | Internal See
within the range 0 to 4095. - units note,

This value is used as the output to the Analog Quiput
Module. It can also be used as the input to other
destinations, such as cascade loops.

it is updated each time a loop is solved.

4X+3 Upper limit The upper limit alarm value of Pv (process variable).” | 0000 to 9939 Engineering | Yes
alarm value; If CH is exceeded ladder logic output 2 tums ON. . units

CH (process
variable) Sp (4X+1) < CH < SH (4X+11)

4X+4 Lower limit The lower limit alarm value of Pv (process variable). | 0000 to 9999 | Engineering | Yes
alarm value; If CL is exceeded, ladder logic output 3 tums ON. units
CL

(process SL (d4X+12) < QL < Sp(4X+1)
variable)

4X+5 Proportional The parameter for P {proportional term). The smaller | 0005 to 0500 | % Yes
band PB this value, the more effective proportional control is. -

4X+6 Resetrate Kz | The reset rate (1/reset time constant) parameter for | | 0000 to 9999 | Repeats/ Yes
: {integral term). The greater this value, the more min
effective integral action.

The actual value is the value multiplied by 0.01, and
the range is 0 to 99.99 [repeats/min]. if it is setto a
value greater than 8999, PID calculation is not
perfoomed. |

Set this value to 0 when integral control is not being
performed. :
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2.5 PID2 Ladder Logic Instruction

i
|

Register Contents Meaning Range of Unit Preset
Address Numerical Yes/No
Vafues
4X+7 Rate time The rate time constant parameter for D (derivative 0000 to 9999 | Min Yes
constant K3 term). The larger this value, the more effective i
derivative action. !
The actual value is the value multiplied by 0.01, and }
it is 0 to 99.99 [min]. if it is set to a value larger than i
9999, PID calculation is not performed. .
Set this value to 0 if integral calculation is not being
performed. |
4X+8 Bias value M, | The bias added to MV {manipulated variable). 0000 to 4095 | Internal Yes
units
4X+9 Integral The integral wind-up upper limit. It stores the output | 0000 to 4095 | Intemal Yes
wind-up upper { upper iimit when performing anti-reset wind-up. u:|1its
limit RH If the integral value exceeds this value, integral |
calculation is not performed. It is normally set to the '
maximum of 4095, !
4X+10 Integral The integral wind-up lower limit. It stores the output | 0000 to 4095 | Internal Yes
wind-up lower | lower limit when performing anti-reset wind-up. It is uhits
limit RL normally set to the maximum value of 0.
4x+11 Engineering The upper limit in engineering units. It stores the 0000 to 9999 | Engineering | Yes
gn[ts upper upper limit of engineering unit process variables. ‘ units
g:"t For example, if the upper limit is 10 to 500°C, the l
value would be set to 500. This value corresponds to !
an analog input value of 4095,
4X+12 Engineering The lower limit of engineering units. it stores the 0000 to 9998 | Engineering | Yes
units fower limit | lower limit of engineering unit process variables. units
aL For example, if the lower limit is 10 to 500°C, the '
value would be set to 10, This value corresponds to
the analog input value of 0. |
4X+13 Process The process variable input from the A/D convetter. 0000 to 4095 | intemal No
variable o | units
{(intenal units) i
PV |
4X+14 Pointer of PID | Used to set the pointer value for the PID loop 0000 to 9999 - Yes
loop counter counter. The pointer value tells the register number
register OFS which stores the number of loops solved in each |
scan in odd numbers from 400000. |
For example, if the number of solved loops is stored !
in register 401236, 1236 will be set in 4X+14. i
Set the pointer to 0 if it is not being used. !
4X+15 Maximum Used to set the maximum number of PID loops to be | 0000 to 9999 | —— Yes
number of solved each scan,
loops .
(loops/scan) If the contents of 4X+14 are 0, 4X+15 is set to 0.
MAX
4X+16 Pointer for Used to set the pointer value for reset feedback 0000 to 9999 | — Yes
reset feedback | input. The pointer value is expressed in odd numbers
input RP from 400000.
For example, if the feedback register (Fr) is 402250,
4X+16 is set to 2250. It is usually set to 4X+2,
This Fr value Is used in integral calculations. Fr value
is in intemal units from 0 to 4095. ,
4X+17 Qutput limit Used to set the output clamp value which indicates 0000 to 4095 | intemal Yes
upper limit CLH | the upper limit of the manipulated variable (MV). itis units

usually set to 4095,

—2-15—




Specifications

m

2.5.4 Register Contents cont.
Register Contents Meaning Range of Unit Preset
.| Address Numerical Yes/No
Values
4X+18 Output limit Used to set the output clamp value which indicates . | 0000 to 4095 | Intemal Yes
lower limit CLL | the lower limit of the manipulated variable (MV). Itis units
usually setto 0.
4X+19 RGL constant  { Used to set the RGL (Rate Gain Limit) constant. This | 0002 to 0030 | — Yes
RGL value is the setting for the RGL derivative filter, and
can be set from 2 to 30. The smaller the value, the
more effect the filter has.
4X+20 Derivative Used to set the derivative preload input pointer. 000010 9999 | — Yes
: preload For example. i Lo _ ;
; , ample, if the derivative preload register (Tr) is
%"'Ste’ pointer | 400958, this register is set to 956.
When input 1 is ON (automatic mode) and input 2 is
ON (integral preload mode}) is ON, the contents of the
Tr register are used in derivative calculations.

Note During manual operation, the value can be aitered to control the output. During
automatic operation, PID calculation values are updated each time a loop is
solved. . .

Using the PID2 Instructions

a) Check to be sure that other instructions are not writter: to the same holding registers
as those used in the source table.

IMPORTANT

- b) Check that other instructions are not written to the same holding registers as those
used in the destination table,

c} Check that the source table and destination table do not overlap.

- 400010 — 400010 - 400010 ~
Addition instruction
ADD PID2 PID2
400014 - 100 p - 100 =
Duplicate usage of Overlapping source and des-
source table registers tination tables

Figure 2.12 Example of Using Incorrect Register

d) Check that the settings within the source table satiéfy the following relationships.

£ AX+1) =

0= (@X+12) = (@X+4) @xX+3) = @AxX+1) =< 9999
Engineering Lower limit Setpoint . Upperiimit Engineering
units upper limit  alarm value alarm value units upper limit
0= (4X+18) s @X+17 =< 4095 0= 4X+10) = AX+9) = 4095
Qutput clamp  OQutput clamp Integral wind-  Integral wind-
lower limit upper limit up lower limit up upper limit
2= (4X+19) =30
RGL
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2.5 PID2 Ladder Logic Instruction
S s

Table 2.6 Destination Table l

Register Register Contents
Address

4Y

!
}
Loop Status Register ‘

112(3]4(5|6|7|8]|9|10|1112(13|14{15|16

- Hefér to Note (1)

Top mput automatic/
rnanual status
ON: |1 OFF: 0

Middle input integral pre-
load mode status

ON: 1, OFF: 0

) Bottom input reverse output/
i direct output status

ON: 1, OFF: 0

Calculation signi bit

(Negative: 1, Positive: 0)

Refer to Note (2).

Process variable vs integral wind-up
upper limit value {RH, RL)

Exceeds: 1, Normal: 0

Always 0.

Always 1. i

Process error sign bit. '

Positive (SPzPV): 0, negahve (SP<PV): 1

4X+14 (PID loop counter pomter) pointer value
Normal: 1, Abnormal or not used: 0

Stop solving PID loop: 1, Solve: 0 (always 0 in manual)

Wind-down mode: 1, Normal: 0
(Integral function recovered when antl-reset wind-up func-
tion changes from enabled to disabled.) |

Request solving PID loop passing through the sampling cycle k
{normally 0, 1 to request solving). Refer to Note (3).

Bottom output ON {Pv lower limit alarm) ON: 1, OFF: 0
Middle output ON (Pv upper limit alarm) ON: 1, OFIF: 0

Top output ON (node lockout or parameter emor) ON: 1, OFF: 0
!
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2.5.4 Register Contents cont.

IMPORTANT

Register Register Contents
Address .
4y Note (1) Bit 16is setto “1” when solvinga PID loop {CPU is STOP—RUN, preparation
(cont'd) of PID2 instructions online) or after initialization is completed.
in the clearing (initialization) of this bit and the initial solving, the following op-
erations are carried out during one scan.
The contents of the loop status register are reset.
The current value of the real time clock is stored in holding register 4Y+2.
The contents of holding registers 4Y+3, 4Y+4, and 4Y+5 (registers related to
integral calculations) are cleared to 0.
The contents of holding register 4X+13 (process variable) are multiplied by 8,
and stored in holding register 4Y+6. .
_Holding register 4Y+7 (process error) and 4Y+8 (sampling time) are cleared.

(2) This bitis usedto determine the sign for intemal calculations, and the status of
the bit will sometimes alternate between 0 and 1 when calculations are being
performed normally.

{3) If the sampling cycle comes and there is a request to perform calculations,
this will be set to 1. Once it is solved it retums to 0. As a result, even when
calculations are being perforrmed normally, the status will alternate between 1
and 0. If the 0 status does not change, however, a lockout will occur. If a lock-
out occurs, calculations for the PID2 instructions will not be performed, and
bit 1 and bit 6 will change to 1. (Refer to Table 2.5 for further information on
lockouts.)

4Y+1 Error Status
Error | Meaning Register in Source
Code Table to Check
0000 | No error —
0001 | SP (set point in engineering units) exceeds 9999 4X+1
0002 | CH {upper limit alarm value) exceeds 9999 4X+3
0003 | CL (lower limit alanm value) exceeds 9999 4X+4
0004 | PB (proportional band) is less than 5 4X45
0005 | PB exceeds 500 4X+5
0006 | K, (reset rate) exceeds 99.99 [repeats/min] 4X+6
0007 | K; (rate time constant) exceeds 99.99 [min] 4X+7
0008 | M, (bias) exceeds 4095 ) 4X+8
0008 | RH (integral wind-up upper limit) exceeds 4095 4X+9
0010 | RL (integral wind-up lower [imit} exceeds 4095 4X+10
0011 | SH (engineering units upper limit) exceeds 9999 4X+11
0012 | SL (engineering units lower limit) exceeds 9999 4X+12
0013 [ SH < SL (normally SH > SL) 4X+11 and 4X+12
0014 | Sp exceeds SH (nomally Sp < SH) 4X+1 and 4X+11
0015 | Spis less than SL (normally Sp > SL) 4X+1 and 4X+12
0018 | N (maximum number of loops/scan) exceeds 9999 4X+15
0017 | RP (reset feedback pointer) exceeds 9999 4X+16
0018 | CLH (output clamp upper limit) exceeds 4095 4X+17
00192 | CLL (output clamp lower limit) exceeds 4095 4X+18
0020 | CLL > CLH {normally CLL < CLH) 4X+17 and 4X+18
0021 | RGL is less than 2 4X+19
0022 | RGL exceeds 30 4X+19
0023 j When input 2 is ON in automatic mode, TP (integral 4X+20
preload input pointer) is out of range
0024 | When input 2 is ON in automatic mode, TP is 0 4X+20
0025 | Node is lockout (scan is too fast) See note.
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25 PID2? Ladder Logic Instruction
L e e

!
Register Register Contents ;

Address |
4Y+1 0026 | F (PID loop counter pointer) is 0 4X+14 and 4X+15
(contd) 6027 [Fis out of range 4X+14 and 4X+15

Note If lockouts (parameters are normal and output 1 is ON) occur frequently, increase
the MAX setting (maximum value for number of PID loops solved in each scan) in
4X+15. Slow down the scan time using a lockout or a constant sweep.

Lockouts may aiso occur if the counter register is not cleared.

4Y+2 Loop timer register. After the loop calculations have been completed, a realtime clock
is read, and the time is stored in this register. The difference between the value stored
in this register and the realtime clock becomes the efapse time.

Loop calculations are carried out in scans in which elapse time 2 s;lxmpling time
(K x 10).

4Y+3 Calculation Output value of integral terms (internal units)

4Y+4 values for : :

4Y45 integral terms Compensat!on term 1 for output value of !ntegral term
' Compensation term 2 for output value of integral term

4Y+6 PV multiplied by 8 (numerical value of register 4X+13 multiplied by 8). This value is
used in derivative calculations. ,

4Y+7 The absolute value of process error ISP — PVI. The sign bit of the process error is
shown in the 8th bit of 4Y+1.

This value is updated after loop calculations (intemnal units). I

4Y+8 The sampling time set in the bottom of the ladder logic is shown in units of 10 ms
|
i
i

(used by the system).

|
1
|

|
1
!
|
i
|
|

1
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e
2.6.1 Scaling o

2.6 Top Register Contents

l This section explains in detail the contents of the top register.

P I e 1T 2-20
26.2 Anti-reset Wind-up ... i i 2-21
2.6.3 Output Control Upper Limit, LowerLimit .............ccoeiiiiin... 2-23
2.6.4 Bumpless Switching Between Manual and Automatic ................. 2-23

2.6.1 Scaling

1) PID calculations are carried out with all constants and parameters within the range of in-
ternal units (no units) of full scale 12 bits (0 to 4095).

Variables and parameters relating to processes are expressed in engineering units (°C,
m/min, kg/cm2, etc.). The scaling between these is performed automatically, as shown in
Figure 2.13, on the scaling allocated in engineering units as long as the lower limits are
stored in the source table.

p[inFo 1> The results of scaling operations are truncated at the decimal point.

4X: Scaled Pv
4X+11:  Engineering units upper limit (SH)
4X+12: Engineering units lower limit (SL)

Engineering units Engineering units
A A
SHf--mmcmm e SHE--mex ————————

N\

sL SL

> Internal units .
X 4095 X 4085

Scaling expression: x=(y — SL} x 4095/ (SH-5L) Scaling expression: y = (SH - SL) x x /4095 + SL

-«
v
.
)
-
‘\\ )
>

> Intemal units

{a) Scaling: Engineering Units — Internal Units (b) Scaling: Internal Units — Engineering Units

Figure 2.13 Scaling'

<4EXAMPLEp PV Scaling

a) Scaling: Engineering Units — Internal units

(5] = ([ J-[3612]) x 4085,/ [BETT]- @z
{(PV) {(Pv) (SL) (SH) (sL)
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b) Scaling: Internal Units — Engineering Units i

|
|
[ J=[ax+13] x ([@%H1]-[a%12)) 4085+ [@x+12 |

(Pv  (PV) (SH) (SL> (sL>

|
Software « | —» Hardware i

Integral wind-up Clamp output

Upperflower limit check === *~ (CLH)
AXH1T(RH) . s 4X+18 [(CLL)
4X+18 (RL) ’ f

LE
F
Ed
¥
-
)

......

Scaling

.-y

[

_4_!1—_4_( CL) , Internal units - ---- | . Engineering units
010 4095 femmmad CAX+T210 AXa Mt

Figure 2.14 Scaling and Range Check ?

2.6.2 Anti-reset Wind-up :

1

1) Ifthe set point changes suddenly during startup, the process error wnll also increase sud-
denly, causing the value of integral terms to become extremely Iarge and the manipu-
lated variable will be saturated. When the derivative of the process error is saturated, it's
called reset wind-up or integral wind-up. i

2) The following describes only the integral action in an open loop, andfthe behavior when
the process error input changes, as shown in Figure 2.15 (a). ;
|
a) If there are no saturated values, the manipulated varlable moves from
0-+1-+2—53—-4. When the integral variable increases, the mampulated variable in-
creases proportionally, and when the integral variable decreases, the manipulated
variable decreases proportionally, fulfilling the original operation of integration.

b) If the manipulated variable is saturated, as shown in Figure 2.15 (b), the output of the
integrator goes from 0—1—2—3—4 as before, but the actual manipulated variable
goes from 0—1-55—-3-4.

Here, the original operation does not increase the maniputated variable in proportion
to the increase in the integral variable of the process error between 1 and 5, but this is
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2.6.2 Anti-reset Wind-up cont.

c)

d)

caused by saturated values and is unavoidable. Between 5 and 3, the manipulated
variable does not decrease despite the decrease in the integral variable of process
error. This is because the integrator output is wound up from 1 to 2, and the manipu-
lated variable will not decrease in proportion to the decrease in the integral variable of
the process error until wound back from 2 to 3. The original operation is not achieved.

The same applies when incorporated in a feedback control system, the recovery of
the original operation is delayed only for the period of winding back, so the process
error setting is delayed, resulting in an increase in the tendency to overshoot.

As a countermeasure, when the saturation vaiue is reached, the integral action in the
direction that would exceed that value is stopped (integration in the direction which
retumns to the unsaturated area is continued). Integration is stopped at 1, and the inte-
grator output moves from 1 to 5 in the same way as the manipulated variable. After
that, the original operation is recovered at 5, where the decrease in process error
starts, then the manipulated variable moves though 5 to 6. This operation is referred
to as anti-reset wind-up. When this operation is unnecessary, set the upper limit to
4095 and the lower limit to 0.

Integral wind-up upper limit: RH

(register: 4X+9) 0 = AL < RH = 4095
Integral wind-up fower limit: RL

(register: 4X+10)

2

Manipulated

A
F Process error . variable

Saturated
1, value - - -Af-=-=-- Rt T TP

o] > Time \

@ . ' ®

Figure 2,15 Reset Wind—up :
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2.6.3 Output Control Upper Limit, Lower Limit

MV (output vaiue) is clamped (limited} by the upper/lower limits.

Output limiting lower limit: CLL
{register: 4X+18)

0= CLL = CLH = 4095

MV after clamping ]

M ‘

MAX: 4095 [---=-;ecemoconooa - }

Qutput limiting upper limit: CLH s I
(register: 4X+17) // !
- [

CLH 4 |

l

CLL

MIN: O |~ —, MV before
0 4085 clamping

1
]
]
1
t
1
1
1
1
1
1
1
L)
!
t
3
)
i

|
|
Figure 2.16 Output Limiting Upper/Lower Limits }
|

2.6.4 Bumpless Switching Between Manual and Automfatic

1) Generally when starting control actions, the operator controls the adjustment valve of the
adjustment gauge manually. Afterthat, it is switched to automatic operation when the sta-
tus of process has stabilized to some extent. When switching between manual and auto-
matic, the manipulated variable output can change discontinuously, and there is a danger
that the process (control object) will be affected dramatically by these changes. Bump-
less switching helps to eliminate such discontinuous changes.

| |
2) Bumpless switching is defined below. f
!
a) Balanced Bumpless Switching ]
|
Balanced bumpless switching refers to switching when the proé:ess error is main-
tained at zero by manual operation, i.e., switching in a balanced state. We will use this

as the limited meaning of bumpless switching. (Figure 2.17 (a))

b) Balanceless Bumpless Switching ‘ !

When the balance in a) above is not assumed, it is referred to as balanceless bump-
less switching. (Figure 2.17 (b)) When switching from manual to automatic the
change is continuous, and PID calculations causes a move towards the set point.
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2.6.4 Bumpless Switching Between Manual and Automatic cont. ’

IMPORTANT

3) When switching from autornatic to manual, the value immediately before switching to
manual remains in the output register (MV), allowing switching to take place smoothly
while maintaining that value. (Figure 2.17 (d))

Manipulated -Manipulated
variable variable
My . My .
A Manual — automatic “a  Manual - automatic
) ' )
T T
:l Change in T ;
3 it 1
' automatic ! (When switching
; In manual : if SP > PV)
: > t(time) - L - > t(time)
Swnchmg Switching
(a) Balanced Bumpless Switching (b} Balanceless Bumpiess Switi:hing
Manipulated Manipulated
variable variable
Mv . My ]
A Manual — automatic 4 Automatic - manual
In automatic t------- : :
n . {When switching ' :
manual I ifSP>PV) . ;
: i .
' - > i(time) . = > t {time)
Switching - Switching
{c) Without Bumpless Switching " {d) Switching from Automatic to Manual

Figure 2.17 Manipulated Variable at Manual/Automatic Switching

4) PID2 instructions can switch as follows: .

If using bumpless switching, set the reset feedback mput pointer (4X+16) to output regis-
ter (4X+2). (Refer to Table 2.5.)

a) P Control
Balanced bumpless switching can be performed. Set the SP to the target value, set

the PV to the SP using manual operation, and then switch to automatic operation.
(Figure 2.17 (&)

When switching from manual operation to automatic operation, switching can be car-
ried out with the manipulated variable fixed at a particular value even if there is still a
process error while in manual operation. Even if there is process error between the SP
and PV, the PV will not change towards SP.
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2.6 Top Register Contents
1
During manual operation, the difference between the calculated (Izutput value and the
manual output value is calculated, and then that difference is used as the compensa-
tionin automatic mode. This is because it is calculated internally so thatit matchesthe
output value during manual operation. Therefore, if the SP is changed after switching
to automatic operation, the PV will also change to maintain the same compensation

value.

|
|
Manipulated |
variable |
Mv
M Manual = automatic l
1
, |
________ Leccmregecmmaeea-—o- <— |nnomalP control, if there is process er-
\ Compensation ror the MV will rise in steps, but due to the
: caused by calcula- compensation in manual mode, the MV is
: tions in manual mode stabilized at the state when the move was
In manual - switched
1
! .
E |
H |
' > t {time) !

Switching
!
Figure 2.18 When Switching from Manual/Automatic: SP > PV
|
|
If balanced bumpless switching is not carried out, 4Y+3, 4Y+4and 4Y+5 must be
cleared. When switching to automatic has been completed, the PV is not stable inthe
same state, but changes discontinuously towards the SP. (F:gure 2.17 (c)) Because

there is no | control, however, a constant process error remams|
|

For example, if MV in manuat mode is set to 2000, the PV will aiso approach 2000.
The SP is set to 3000, and the mode is switched to automatic (PB = 100, internal units
= engineering units, bias = 2000). The PV value does not move towards the SP, but
stabilizes at the value set during manual operation (PV = 2000, SP 3000).

(Refer to Figure 2.19 (a}.)

l
in this state, if 4Y+3, 4Y+4, and 4Y+5 registers are cleared, the| PV will increase to
nearthe SP. (Compensation values have been cleared, so the P control works so that
the PV equals the SP.) ]

|
Accordingly, in switching from manual to automatic when using P control, switching
should be carried out after setting the SP to the target value of 3000 and manually
setting the MV to near 3000 (PV = 3000) (state at which process error = 0).
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2.6.4 Bumpless Switching Between Manual and Automatic cont.

Manipulated Manipulated
variable ) variable
A  Manual — automatic A
; .
3000f-- =~~~ Lo mrmrmmmm—aas 3000 Constant
. Compensation caused by process error
, calculation in manual
2000 : 2000
e ) t Changes in steps
-+ Switching without 1 i
+ fluctuation :
' > t{t ' >t (f
Switching (time) <3, 4Y+4, and 4Y5 regie- > | ome)
ters are cleared
(a) 4Y+3, 4Y+4, and 4Y+5 Not Cleared &) ;IY+3, 4Y+4, and 4Y+5 Cleared

Figure 2.19 P Control Manual — Automatic Switching Example

Note P control is not affected by the ON or OFF state of input 2 (integral preload mode).
b) P! Control

Balanceless bumpless switching is possible under Pl control. If switching from manu-
al to automatic with a process error, the integral action will move the PV towards the
SP. (See Figure 2.17 (b).)

Even if switching to automatic while manually }naintaining abalance between SP val-
ues and PV values, it will switch smoothly (See Balanced Bumpless Switching: Fig-
ure 2.17 (a). )

4EXAMPLEp 1) Integral Preioad Mode (Inpuf 2: ON) Usage Example

Inthe same way as for P control, when switching from manual to automatic the PV will not
move towards the SP, but will be maintained at the state they were before switching.
Inthis case, the integral preload mode of input 2 is used. Integral preload mode switches
the mtegral input.register to the register set in 4X+20 (integral preload register: Tr) with
bothinput 1 and input 2 ON. Apart from that, the register set in 4X+16 (feedback register:
Fr) is used. (Refer to Figure 3.3 and Table 2.4.)

if input 2 is switched OFF after switching to automatic and is in a stable state, the PV will
move towards the SP. This is because the normal integral action switches to the feedback
register and operates. :

2) Using Integral Preload Mode
a) Not Using a Bias
Set the pointer (register number) of 4Y+3 register to the 4X+20 register.
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b) Using a Bias '

Store values that have added the bias and 4Y+3in a register and set the pointer of that
register (register number) in 4X+20 register. ]

|
1

Note If the foliowing conditions are not satisfied after switching to ahtomatic operation,
the PV may not stabilize (although it will not change dramatically ¢r discontinu-
ously), but may change little by little towards the SP. !

4Y+3 must be between 0 to 4095. ‘
The output value must be stable when switching to ?utomatlc

1
Forexample, if MV is manually set to 2000, the PV will also move 10 a value near 2000,
After that, set the SP to 3000 and switch to automatic.
(PB = 100, K = 1.00, internal units = engineering units, bias = 0, set 4Y+3 register
number (= Y+3) to 4X+20, input 2 = ON) The PV will not move towards the SP, but will -
stabilize at the value it had when switched (PV = 2000, SP = 3000) {See Figure 2.20
(a).) ;
If input 2 is turned OFF in this state, it will switch from the integral prelocad register to
the feedback register, and the normal integral action will work to change the PV so
they conform with the SP. (See Figure 2.20 (b).) |

i
Manipulated Manipuiated !
variable variable I
1 Manual - automatic 4 ON— OFF (input2)
!
3000 f - ------ S 3000} -+ m e R :
! |Compensation ' :
! |caused by calcula- ' |
v |tionin manual : .
2000 v 2000 - I
] I i
' Switching without : ‘
t fluctuation ! :
3 1 |

Switching > t{time) Switching > t(time)
I

(a) Integral Preioad Mode ON (b) Integral Preload Mode OFF

Figure 2.20 Integral Preload Register Usage Example '

4EXAMPLEp Calculations for PID2 in Manual Mode

Manual operaticn calculates using the equation (1) below.

Equation: AFV = FV-GE-Bias............ (1)
FV: Contents of feedback register
GE:  Proportional terms + derivative terms output value
Bias: Bias value

The value of AFV is set in 4Y+3. This 4Y+3 is the register into which integral term output
value is input in automatic operation. In manual operation, integral caillculation is not per-
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2.6.4 Bumpless Switching Between Manue! and Automatic cont.

formed, and calculation values, such as those shown above, are input into the 4Y+3 inte-
gral term output register.

The feedback register (Tr) is the register to which 4X+16 is set, and FV expresses its con-

tents. Normally, 4X+2 (output: MV) s set to the 4X+16 register, so, as the following exam-

ple, FV = MV. If equation (1} is rewritten FV = MV it becomes expression (1)'.

Equation: AMV = MV - GE - Bias........... 1y

Calculation output value MV’ under manual operation is as shown in expression (2).
MV =GE+ Bias .......... (2)

Equation (1) can be rewritten as equation (3).

Equation: AMV=MV-MV .. ......... “(3)

For example,

Propontional band = 50%

Bias = 1000

MV = 2000

SP = 2200

In order to simplify the example, there will be no derivative action, and engineering units
will be matched to internal units.

In manual operation, MV will be set to 2000, and PV to 1980.

E = SP - PV =2200 — 1980
= 220

AMV = MV - GE - Bias
= MV — (100/FB) x E - Bias
= 2000 — (100/50) x 220 — 1000
= 2000 — 2 x 220 — 1000
= 2000 — 440 — 1000
= 560

This AMV (= 560) value is set in 4Y+3.
1) Not Using Derivative Action

After switching from manual to automatic operation, the calculations for the PID2 instruc-
tion are as shown in equation {4) below.

Equation: MV = GE + Bias + AMV L8

= 440 + 1000 + 560
= 2000
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Therefore, the results of calculations in automatic mode are equal to the output value (MV
= 2000) in manual mode. ]

2) Using Derivative Action

I
Even if switching from manual to automatic as shown in (a), the Iadder logic input 2 and
4X+20 integral preload register are used to keep the calculation values constant,

4EXAMPLEp Setting to 4X+20 Register

|

|

|

a} Turn ON input 2 in advance in manual mode. i
b) The reference number of the register that has the value of the r'eglster contents of
4Y+3 (integral calculation term) register contents added to the contents of 4X+8

(bias) is set to 4X+20 (integral preload register). When bias is not used, set the regis-
ter number of 4Y+3 to 4X+20. 1

]
4Y+10 register must be a register not
used for anything else
|4Y+3 [-{- ]4X+8 f— [4Y+1 0']-—---: |
(660> (1000) (1560) ! l

« Pointer

{(Y+10) Setthereference number of 4Y+10. Howev-
ar, this shall be the number which represents
the 4Y+10 register with the leading 4 re-
moved.

Compensation terms like those as shown above (the contents of the register set to
4X+20) disable integral acticn, even if an integral constant is set when switched to
automatic operation. The value of integral term | is the constant value 4Y+3 = 560,

MV = GE + Bias + 1
= 440 4+ 1000 + 560
= 2000

Therefore, the results of calculations in automatic operation are equal to the output
values in manual operation (MV = 2000).

~e
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Execution Timing and Monitoring

J
This chapter describes the execution timing, monitoring operations

and processing priority for multiple PID2 instructions. |

3.1 Data Flow for PID2 Instructions ............ 3-2
|
|
3.2 Ladder Logic I/O Functionality ......... tee 33
321 LadderLogicInputs ......................... or 3-3
322 LadderLogicOutputs ....................... e 35
1
3.3 Execution Timing .......oeevveneenenns oo 36
3.4 Monitoring Operations ............... veien 3-8
|
3.5 Priority Processing .................... .. 3-10
3,51  Prority Processing ........... ... .. ... . 3-10
3.52  Priority Processing Example .................. .. 3-11
3.53  Avoiding NodeLockout...................... I .. 3-13
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Operations Concerning Calculation Timing

3.1 Data Flow for PID2 Instructions

f This section expiains the data flow for PID2.

1) The relations of calculation parameters and the data flow for PID2 instructions are shown
in Figure 3.1.

Hargware Software .
Calculation parameters

PID constants
K1/2/3, Reset -
wind-up upper/
lower limits RH/
RL, Prionity pro- b eaeeeco oo comeei el
cessing FN,
Bias Mc
Input register
Measured Scalingconstants [ | __ L.
from process > AD PV SH SL : :
jypalnielniebebebele =, PID
{112]3 14 ke output or] 4’l Procass vanable PV : calculation] ]
: i | Commu- | ommeaeen %
TR e L i '
ARV u H : .
MM (tacder logic) ; i, :
For example digital ' :
display ﬂ o cor e o1 N . :
. Set point Sp " > Scaling 1 !
Manipulated . i :
: M lated 3 :
variable to <e—— D/A variaple My__T§ T
process . . P
fisserainginod |
upper/iowaer im
CH, CL | Sca

Note (1) Scaling 1: Engineering units — internal units
Scaling 2: Internal units — engineering units

(2) —=»  Number of internal units (e.g., 0 to 4095)
—s  Number of engineering units (e.g., 0°C to 1000°C)

Figure 3.1 PID Control System and Data Flow
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3.2 Ladder Logic 1/0 Functionality

m

3.2 Ladder Logic I/0 Functionality

3.2.1 Ladder Logic Inputs

IMPORTANT

|
}
i This section explains functions in the ladder logic I/O. l
I
|
|

3.21 LadderLogic INputs ... .. ... i i e 3-3
322 ladderLogicOulputs ... ...oitiii i i e b, 3-5

l
|
[
I
|
I

The following functions are provided by the ON/OFF status of input 1, lnput 2, and input 3.

1) Input 1: Automatic/Manual Mode

Input 1:

|
1
1

ON .... Automatic mode |
OFF ... Manual mode l

In automatic mode, PID calculations are executed according to calculation parameters,
and the results are output as the manipulated variable (Mv). The manlpulated variable is

output to the top element register (4X+2).

!
|

Scaling and monitoring is performed in manual mode. Part of PID calilculations are also
executed in manual mode to enable bumpless switching from manu'al to automatic op-
eration. The results are output 10 the middle element register (4Y+3). As shownin Figure
3.2 {¢), however, the PID calculation section and the manipulated variabie output register
(4X+2) are separate, so manipuiated variables are not altered. |

Note (a)

{b)

After switching from automatic to manual, the value calculated immediately
before switching remain as the manipulated variable (MV).: Accordingly, when
providing the manipulated variable in manual mode inside the PL.C, itis neces-
sary to prepare separate ladder logic circuits for the manual mode, as shown
in Figure 3.2 (a). These ladder logic circuits may, for example, convert engi-
neering units of the manual process variable into internaf units and provide the
manipulated variable (MV). Figure 3.2 (b) shows an example in which circuits
for the manual mode outside the PLC systern was provided.

To switch bumplessly from manual to automatic, the value set in manual in the
upper element register (4X+2), as shown in Figure 3.2 (a), is used as the ma-
nipulated variable (MV) so there is no particular problem..If the manipulated
variable is set outside, as shown in Figure 3.2 (b}, however, itis unknown what
value will enter the upper element register, so bumpless switching cannot be
carried out. Itis therefore necessary to set the value to the PID instruction’s top
element register that have been converted into internal umts

|
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3.2.1 Ladder Logic Inputs cont. '

: 1 Set values for
Registers from the source table ' manual mode
which are for manipulated variables '
P ) Manual
, ;
] ]
PID_ To
circuit MV PID/A 2 brocess i 2 To process
1 ' 3
I Automatic
ggg:ra:on;%de Butomatic Eaa:\asmission : :
i I EM — DA —l
1] ]
Software <~/ « > Hardware ‘Software «— .= Hardware
(a) Manual Mcde Settings Generated by (b) Manual Mode Settings Generated

Ladder Logic Qutside the PLC
i

Manipulated variable (MV)

Output register ——=
4X+2 )

. Manual A

' Qutput register 4X+2 is separated from the PID
Maniputated variable data ---- calculation section in manual mode.

b

{c) Relation Between Automatic/Manual
Modes and Output Register 4X+2 . . -

Figure 3.2 Manual Mode Set Values

2) Switching to the Integral Preload Register

When input 1 and input 2 are both ON, the system switches from the feedback register to
the integral preload register. This register is related only to integral terms, and deter-
mines whether feedback values or other values will be used in the integral calculation.
Referto the block diagram Figure 3.3below. Referto 2.6.4 Bumpless Switching Between

Manuai and Automatic.
PO
~ calculation
Feedback data + MV: loop output

-

-
-
-

Feedback register - * 3
Integral term |
T -%|_calculation

~=4- >lIntegral preload r ister]»"’
Data egral p €g

-~

----- Use only when input 1 and input 2 are ON

- Figure 3.3 Switching Registers
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3.2 Ladder Logic I/O Functionality
T R ———

3) Reverse/Direct Output (Input 3)

I

|

I

l

' I

Input 3: ON .... Reverse output ]

OFF ... Direct output ,

I
input 3 defines the relationship between an increase/decrease in the' process error and
an increase/decrease in the manipulated variable. (See Figure 3.4.) Elther of the follow-
ing two relationships can be selected according to the charactenst:cs of the external ac-
tuator that operates on the manipulated variable from the PLC, and the fail-safe mea-
sures for the system.

Manipulated variable Manipulated variable
/
L = Process error
(a) Reverse Output {b) Direct Output

Figure 3.4 Reverse Output/Direct Output

3.2.2 Ladder Logic Outputs

O U DU U

Outputs 1, 2, and 3 turn ON to indicate the foliowing status. (Referto 3.4 Momtonng Opera-
tions for detalls.)

1) Output 1 ON }

Output 1 turns ON and PID calculation is not performed when the following alarms are in
effect. \ !

a) When the calculation parameters are incorrect |

b) When it was not executed within two sampling cycies (node lockout)
i

2) Output 2 ON

Output 2 turns ON when the value set in 4X+3 (Pv upper limit alarm value) is exceeded.
The Pv is not limited, it is not clamped and only an alamm is given.

3) Output 3 ON ]

Output 3 turns ON when the vaiue set in 4X+4 (Pv lower limit alarm \falue) is exceeded.
The Pv is not limited, it is not clamped and only an alarm is given.

|
|
—35— 5
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Operations Concerning Calculation Timing

3.3 Execution Timing

l This section explains the timing of PID calculations and sampling cycles.

1) Sampling Cyclés and Execution of Calculations

Calculations are carried out using the following equation (equation {c) from 2.2.2) using
PID constants K, Kz, K3 and sampling cycle Ts.

MVIL) = K, x [E(t) + %zs(rn) X Ts — BOK,{PV(t) — Pt )} x %] + M,

Sampling cyclés and the execution of calculations is explained below. (Refer to Figure
3.5.) -

a) The CPU’s realtime ciock is used to time the sampling cycle. Each of the PID circuits
has interval timer driven by this realtime clock,

b) When the PID circuit is solved during the scanning cycle, if
(elapse time of interval timer) 2 (set sampling cycle),
then the operations concerning the PID circuit (FID calculation, control, monitoring,
priority processing) will be executed. The interval timer will be resetimmediately after-
wards.

¢} lfthe above equation is not satisfied when the PID circuit is solved, only monitoring of
parameters and scaling will be performed. This is referred to as non-execution. In this
case, the interval timer is not reset, and timing continues.

Note Execution and non-execution are not retated to ON/OFF status of input 1, input2,

and input 3.
PiD circuit n
Scan
B JAxXxxx| :
Relgted to third AXXXX .
register of — eipz2 : Timing to solve PID
destination table | Tsn circuit n
JUUL X Interval timer . No )
Realtime . S o (non-execution
G e e Kars
E Yes {execution)
: . : ' Execution of Only scali
Tg_llnteprlvgl t'm:;s of . all PID and monitggng
other circunts operations are performed
' v
e ] Interval
timer reset

Figure 3.5 Execution and Non-execution
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d) Thetiming of the interval timer is independent of scanning, but tnrrung to soive the PID
circuit is affected by the scan time. Rather than the interval timer value {actual time},
the value set in the function block (sampling cycle) is used as Ts in equation (c) of
2.2.2.Consequently, the larger the sampling cycle is in relation to scan time, the better
the accuracy of PID calculations. (Figure 3.6) ]

Solve timing for :
scan }
I
I

b )

Interval imer g, > Ts —>In >00——
elapse time ' 1

1
1
1

.6——' Settime e
& Actual ime

1
1
1
1
)

-y
Process error '
—

Figure 3.6 Interval Timer

|
{
1
1
|
|

1
t
1
i
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Operations Concerning Calculation Timing

3.4 Monitoring Operations - |

l This section expléins the system monitoring cperations for each scan.

1) Monitoring Upper/Lower Limit of Process Variables

Pv {(engineering units) will be used for the process variable. Supposing the process vari-
able upper limit is CH, and the lower limit is CL (engineering units), outputs are as shown

in Figure 8.7. '
4XXXX
4XXXX ’
- — Output2 ........ ON when Pvz CH
PiD2 .
— — Qutput3d ........ ON when Pv< CL
XXX

Figure 3.7 Ladder Logic Block A

This monitoring is performed without relation to execution/non-execution of PID calcula-
tions, orthe ON/OFF status of input 1, input 2, and input 3. Outputs 2 and 3 are only alarm
outputs as a result of monitoring, and the process variable or manipulated variable are
not limited.

2) Calculation Execution Impossible Alarm
In the following two cases, output 1 turns ON and PID calculations are not performed.
a} Incorrect Cailculation Parameters

Error codes are displayed in the ladder logic middle register (4Y+1). Change the pa-
rameters according to the contents of these process errors. (Refer to Table 2.5.)

IMPORTANT Note (a) In ladder logic output 1, a range check is not carried out for the upperflower

limit set values of output value (MV) and process variable (Pv).

* Qutput values (MV) are subject to clamping by the upperlower limit set val-
ues and an error is not generated.

« The process variable (Pv) can be checked for the upper/lower limit set values
using ladder logic output 2 and ladder logic output 3.

These checks are performed with no relation to execution, non-execution, or
the ON/OFF status of inputs 1, 2, and 3.

Note (b)Ifoutput1istumed ON due to incorrect calculation parameters, itis necessary
to initialize operation by setting the contents of the registers for the initializa-
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3.4 Monitoring Operations
m

|
tion flag to 0 and starting from the initial state after correctihg the parameters.

Initialization clears the LSB bit (bit number 16) of the 4Y, register. (Refer to
Table 2.5.) ‘

b) Execution Not Performed within Two Sampling Cycles (Nod:e Lockout)

PID calculations may be delayed when the priority processing diécussed in the next
section is performed. When output 1 is turned ON despite the calculation parameters
being correct, itis necessary to increase the maximum number of loops per scan. (Re-
fer to 3.5.3 Avoiding Node Lockout.) !

Checks concerning the node lockout are performed in the scan that is executed, and
these are not related to the ON/OFF status of inputs 1, 2, and 3. Imtlallzatlon is also

necessary when this problem occurs. |
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_Operations Concerning Calculation Timing

3.5.1 Priority Processing

3.5 Priority Processing

ﬂ This section explains priorify processing when using more than one PID2 instruction.

3.51  Prionty Processing ......coiiiiiiiiiiiii et e 3-10
3.5.2 Priority Processing Example .. ...t s 3-11
3.5.3 Avoiding NodeLockout ...................... e trerea e, 3-13

3.5.1 Priority Processing

1) The processing time for the PID circuits may increase the scan time when there are many

loops (= number of PID circuits). The following methods can be used to prevent this from

. oceurring.

a) Specify the maximum number of loops to be executed in one scan.
b) Divide loop groups into high-priority groups and low-priority groups.

When doing so, high-priority groups are always executed in the scan in which they are
read, but some of the loops in the low-priority group will not be executed.

Execution scans: Processed by sampling time (Ts)
(PID calculation, control, monitoring, priority processing)

Non-execution scans: Processed between sampling time (Ts)
(scaling, parameter monitoring)

2) To perform priority processing, each of the PID circuit calculation parameter tables con-

tains two holding registers {(4X+14 and 4X+15 in Figure 8).

Register Address | Symbol Register Contents

4X+14 OFS Maximum number of loops N
executed per pointer scan of the

4X+15 MAX loop counter

" 3) The loop counter counts how many loops have been executed in each scan. To execute

a) above, one holding register common to all groups is allocated. To execute b) above,
one holding register is allocated to the high-priority group and another one to the low-

priotity group.

The OFS does not act as a counter, but stores the pointer value of the loop counter {the
value indicates which number holding register it is using with 400000 as a base).

For example, suppose 400123 was allocated as the loop counter for a), then the pointer
value F = 123 would be stored as the OFS for all PID circuits.

—3-10 —
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Note As aloop counter, as long as there is no duplication with other counters, it is pos-
sible to allocate any holding register. MAX stores the maximurn number of loops N
that can be executed in the execution scan. i

The maximum number of loops executed in MAX indicates the number of loops in
the execution scan. Loops in the non-execution scan are not included inthis num-
ber. Loops in the non-execution scan and loops that were not executed in the
execution scan are processed in the non-execution scan.

If the priority scan operation is not being used, input O for the MAX and OFS of all
foops.

3.5.2 Priority Processing Example :

An example of using the priority processing operation is shown below. |

<4EXAMPLEp  Suppose the number of loops is 20, and the loops (PID circuits) are L1,'La....Loo,
The corresponding OFS and MAX are OFS4, OFS;,...., OF S, and MAX1, MAXo,....MAXzg,
and their respective contents are Fy, Fa,...., Fop, N¢, Na,....Nag. (Refer to Figure 3.8)
i

3

L1 L2 | L20
_lAxxxx | | axxxx | | 4xxxx
_Axxxx | _Vaxxxx [ [/ 4xxxx

PIiD2 [ PID2 [ P1D2 [
XXX XXX | XXX
Destination table T1 . Destination table T2 . Deétination table T3
4X%XX Pv 1% 4XX%X Pv 2% 4% XXX Py 20%
Sp 1% Sp 2% | p 20%
0FS1 F1 0FS2 F?2 T QFs20 F20
MAX1 N1 MAX2 N2 MAX20 iN20
: |
Figure 3.8 Priority Processing l

1) No Priority Processing

Preset the following'

Fi=F,=-" =Fp=0
N—-Nz— ..... _N20=

Although it depends on the values of the sampling cycles of each loop, 20 loops may be
executed in the same scan in some cases. Node lockout will not be generated in any
case.

2) Maximum Loops per Scan: 7

|
_—311 — ]
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Operations Concerning Calculation Timing
3.5.2 Priority Processing Example conl.

a) .Decide on a holding register that will act as the common loop counter for 20 loops.
This will be 400100 in this example.

b} Because the offset is 100 (400000 + 100 = 400100),
store the following values: _ g
Fi=Fo=...=Fp=100 - ;
1=z 7 20 SUB
: - i 400100
¢) Store the following values Ny =No = ... = Npp =7.

d) Ina network before the network containing Ly, Ly, .... Lz, create a circuit that clears
the contents of 400100 at each scan.

1

N

Each time a locop is executed in a particular scan, the contents of 400100 is incremented.
When 400100is 7, that is, afterthe first 7 groups in the execution cycle (this is not neces--
sarily L4 to Ly) are executed, the following groups (loops with lower network solving or-
der) are not executed even if they are in the executlon cycle. Instead they are processed
in the non-execution scan.

The loop counter is reset with each scan (by the SUB instruction mentioned earlier), so
the maximum of 7 loops is executed in each scan. Supposing the scan time and sampling
cycle were the same, and all sampling cycles were the same, only the 7 loops atthe top of
the solving order are executed, and the remamlng 13 loops are always subject to a node
lockout.

-3) Always Executing Four Specified Loops between L, and Ly (e.g9., Lo, Ls, Ly, and
L1g) When in the Execution Cycle (Maximum Loops per Scan = 7)

a) Suppose the loop counter for the high-priority group {Lz, Ls, L1, and Lsg) is 400101,
and the counter for the remaining 16 loops is 400102.

1

by Fo = F,, =Fi =101
The remalmng F values are set to 102.

c) No=Ns = Nn = N16 =4
The remaining N values are setio 3 (7 -4 = 3)

d) Create a circuit which clears the contents of 400101 an_& 400102 with each scanina
network before the network in which L4, Lo, ...... Log are stored.

It in a particular scan, the high-priority group of loops is in the execution cycle, the loops
are executed, and three (maximum) of the remaining execution scan loops from the 16
low-priority groups are executed.

Depending on the way in which sampling cycles are specmed some specific loops may
always be left unexecuted as shown in 2} above.

—3-12—
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3.5 Priority Processing

3.5.3 Avoiding Node Lockout

1) The following measures are available to prevent node lockout from ioccurring.

a} Use priority processing for loops with short sampling cycles.
l

For example, if the scan time is about 100 ms, the sampling cycle of loep Lnis 100 ms,
and the sampling cycle of loop Lm s 1 s, loop Ln may not be executed in each scan,
and node lockouts will ocour. Evenifloop =Lmis notexecutedin the executionscan, a
node lockout will not occur as long as it is executed within the followmg 9 scans.

b) Within the restrictions of the maximum number of loops per scan, the sampling cycles
for each loop should be kept different as much as possible.

l
|
i
|
|
|
1
|
l
|
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Appendix

Confirming PID éperation

A.1 Confirming PID Operation ............. | eo A2
A2 POperation .........ccciveevnees cen ! o A3
A3 PlOperation..........c.ccivivnnnnnns l .. A4
A4 PDOperation ......ccoo0vveevnannanns } .. A-6
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Confirming PID Operation
N

A.1 Confirming PID Operation

1) The methods for confirming PID calculations on a PLC not connected to the control pro-
cess are described below. :

2) ktis not absolutely necessary to perform these tests in the actual processing, but we rec-
ommend that they be performed in {he following cases.

« To study and learn about the PLC’s PiD control or to leam about how the PID constants
work.

» When actual testing does not go well, to check whether the PID system is operating
correctly. '

3) The confirmation tests are open loop tests. The biock diagramis shown in Figure A. 1 be-
low.

3
P
O

Figure A.1 PID instruction Open Loop

Setthe process variable to 0, and use the test to see how the manipulated variable (MV)
changes when PID constants K4, K5, and K3 are changed in relation to the set point SP.

4) Parameters not related to this test are fixed to triose shown below.

CH = RH = SH = 4095
CL=RL=SL=0
F=N=0

The sampling cycle is set t0 0.1 s.

—A-2 —



! A.2 P Operation
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|

A.2 P Operation

4EXAMPLEp 1) WithKo =Kz =0
and Bias Mo = 2047

Change the SP (contents in the second register of the source table) ini stepsC—-SP =0 A
as shown in Figure A.2.
in this case, |
PB
= J,—f,)g— SP+ Mo

|
my =190 £, p, l
!
Example: Supposing SP =100 and FB= 50 !

MV = lgg— X 100 + 2047 = ....... Direct
MV = - J-gg— X100+ 2047 =....... Reverse
i
Input
\ i
SP r------ P— - I
F,
0 | > t(ﬂmie)
Output : Direct E i
Mo+ XSP |------ — TEREREE 1
r ' |
Mol b ] |
Reverse A '
100 M i
MO — XSSP [------ S e i
0

Figure A.2 P Control and Direct/Reverse Operation
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Confirming PID Operation
e

A.3 Pl Operation

<4EXA Ep 1) SetK3=0 and Mo = 0, and change SP in steps. (Set to direct.)

At this time,

K,
MV = PB {E-i— %-EE Ts]

Whent<ty E=8SP=0 MV=0

Whent, <t E=SP=100

My = m{s:u L

7B X SFA(t - )}

Exampie 1: PB =100, K2=1.0 (Ti= 60), SP=100
Whent <ty E=5P=0 MvV=0
Whenty <t E=S5P=100

100 80

100
= 100 + == 80 . —==(t -t}

MV = 100[100+ 10 x100(}—t,)]

Example 2: PB=50, Kx=2.0 (Ti=30), SP=100
Whent<t;y E=SP=0 MV=0

Whenty <t E=SP=100

MV = 100[10{)+ . ><100('r-t,)}

50 0
= 200 + 400 400 (t-t)

The two examples above are illustrated in Figure A.3.
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' | A.3 PI Operation
m

i
Note The results are the same even if sampling cycle Ts is changed.

|

l

|

Input Example 1 Input Example 2
100 }-----) 100 F===-- i
> — >t
o > t{s} 0 37 } (s)
: 52(1oo+2°°<t—ﬂn
o”;pm 100+ 10 (t-t1) Output
400 [-m-eebennnns
300 :
200 200f-+-
100 !
0 0 - - > (s}
60s 60s 1305

Figure A.3 PD Control Response Example

Changes by Integration

|
|
|
|
i
|
|
|
|
|
|
|

The changes resuiting from integral control and the changes resulting from proportional con-
trol in the reset time constant (Ti) are equal. (Definition of reset time constant)

K2 (repeats/min) indicates how many times per minute in integral control a value the same as
the change resulting from proportional control is repeated. i
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AConﬁrming PID Operation

‘A.4 PD Operation

4EXAMPLEp

1) Differentiation is carried out on the process variable, so an operation testinwhich PV =0
is impossible. With this in mind, set SP = 0, and move the PV towards the SV.

ltis difficult to gain an understanding of the characteristics of differentiation when the val-
ues have been changed in steps, so it is set fo a variable (lamp function) that increases
proportionai to time. For example, if PV = 10t, ladder logic like that in Figure A.4 can be
created.

If R14 sets the scan time of the 14th register of the source

R14 — 1ableto100ms,

1. PV = 10t ‘
ADD ' : '
R14

Figure A.4 Lamp Input Ei(ample

2) Suppose Kz =0, SP=0, Mp =0, and PV = 10t. (In reverse operation)
then, E=-10t :

PB
= 100{101‘+60K3 x 10}

MV = 100[En - 60K3(E E, ) x %} ;
5 H

Example 1: PB =100, K3=1.00 (Td = 60 seconds)

Mv 188{10“‘ 60 x 1.0 x 10} = 107 + 600

Example2:  PB=50, K3 = 0.50 (Td = 30 seconds)

MV = 100{1or+ 60 x 0.5 X 10} = 20t + 600

The two examples above are illustrated in Figure A.5.
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| A4 PD Operation

I
Example 1 Example 2 !
PV . pAv |
PV=10t l PV=10%t

BDO f-ommmmmmmenoeaeig . GO Of-mrammmmmmeenee =5

5

|

: !

sy | : t(s
0 o>t o | 55> (s}
Output Output !
y Mv=2 (10t+300)
h ) MV=10t+600 PD operation
1200 PD operation 1800
P operation
- P operation
600 . D operation 1200
RGL
{by filter)
6o t (s} L ennne D operation
RGL —1/.
(by filter) ;

Figure A.5 PD Operation Response Example

3) The manipulated variable MV changes by the amount of the rate time
results are the same even if the sampling cycle is changed.

— AT —

B
|
i:
|

constant (Td). The

|
i
|
|
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calculation timing, 3-6
execution of calculations, 3-6

. . ladder logic
non-execution of calculations, 3-6 /O operations, 3-3
sample cycles, 3-6 input, 3-3 ’

configuration, 1-5 output, 3-5

confirming PID operation
P operation, A-3
PI operation, A-4 M
PID operation, A-6 |

l
i
|
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!
PID loop, 14 PID2 instructions, 2-11 ;
|

CPU preparations, |-4 manipulated variable manual/automatic|switching, 2-24

manual mode, 3-3 |
set values, 3-4 ' i

D manuals, 2 ’
|
derivative terms, 2-8 MEMOSOFT
step response, 2-9 DOS, 1-2

Programming Panel P120, 1-2

destination table, 2-17 preparations, 1-2

diffferntiation
error value, 2-6

process variable, 2-6

monitoring .
calculation execution impossible alarm, 3-8
operations, 3-8 :

direct output, 3-5 upper/lower limit of process variables, 3-8

E N !
error value differentiation, 2-6 node lockout, avoiding, 3-13

execution scan, 3-10 non-executicn scan, 3-10
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MEMOSOFT, 1-2

priority processing operation, 3-10
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open loop test, A-2
operation selection, 2-12

operations . process variable differentiation, 2-6
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monitoring, 3-8 process variables, 2-2
- priority processing, 3-10 ] !
proportional control, 2-3

tput control /1 limit, 2-23 5 :
output control dpperriower fmt proportional integral control, 2-4

0“‘?"“5 proporticnat inwéral derivative control, 2-5
direct, 3-5
ladder logic, 3-5
reverse, 3-5 R
rate time constant definition, 2-5
p ) o " reference numbers, 5
register contents, 2-13
PID g :

. ) destination table, 2-14
overview, 2-2 : ‘ source table, 2-13
system overview, 2-2

PID calcutations, 2-6
general, 2-6 .
GL120 and GL130 PLCs, 2-7 reset wind-up, 2-22

reverse output, 3-5

registers, switching, 3-4

reset time constant definition, 2-4

PID calculation block diagram, 2-10
PID control system, 3-2

. . i
PID loop configuration, 1-4 s
PID operating mode, 2-13 ' scaling, 2-20

PID operation, confirming, A-2 . set points, 2-2
PID overview, 2-2 source table, 2-14

PID system, preparations for configuring, 1-1 structural elements, 5 _

. . S switching
PID2 instructions balanced, 2-23
block diagram for calculations, 2-10 . balanceless, 2-23
configuration, 2-11 manipulated variable manual/automatic, 2-24
elements, 2-11 . ) P operation, 2-24
bottom, 2-12 PI operation, 2-26
middle, 2-12 S ‘
top, 2-12 .
data flow, 3-2 : T
input, 2-12
ladder logic, 2-11 ) top register, contents explanation, 2-20

anti-reset wind-up, 2-21

bumpless switching, 2-23

output control upperlower limit, 2-23
PID2 ladder logic functions, 2-11 scaling, 2-20 .

operating mode selection, 2-13
output, 2-12
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