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1 OVERVIEW

1 OVERVIEW

This technical guide explains the programming techniques with the creation procedure of the loop
control programs and program examples using process control FBD software package (PX
Developer).

1.1 Features of MELSEC Process Control

(1) Materialization of advanced process control with the MELSEC-Q series

«Process CPU/Redundant CPU that materializes high-performance process control
The PLCs that materialize the substantial loop control instructions and high-speed loop
operation processing, which are equivalent to dedicated controller such as DCS, enable
advanced process control.

«High function analog module that materializes analog input/output necessary for process
control
High function analog module that is equipped such as channel isolation, high accuracy, high
resolution, and alarm/disconnection detection function materializes analog input/output
functions necessary for process control.

«PX Developer that materializes simple engineering of loop control
Process control FBD software package PX Developer enables simple creation of loop control
programs which are complex and cumbersome to create with conventional ladder language.

«Monitoring screen with GOT screen generator function
Using together with the GOT1000 or SoftGOT, process control monitoring screens can be
readily created.

(2) Reduction of system configuration and modification cost

«Integrating loop control and sequence control into a single CPU
Both loop control and sequence control can be done with a single process CPU/redundant CPU,
therefore, hardware cost reduction is possible.

- Cost reduction of program modification with PX Developer
The loop controls can be modified such as adding loops with PX Developer even after operating
the systems (pasting loop control FB to the programs only). Also, test run adjustment can be
executed immediately with a tuning monitor screen, therefore, program modification cost
reduction is possible.

(3) Improved maintainability and reliability

+Replacement of /0O module in online mode is possible
When an analog or I/0O module fails, it can be replaced online without stopping or turning off the
process CPU/redundant CPU. (Operation in GX Developer is required.)

«Improving reliability with redundant system configuration
With the redundancy of the basic systems including the CPU module, power supply module,
base unit, and network module, the standby system takes over the control to continue the
system operation when the control system fails. Therefore, system reliability can be improved.

« Alternative control in sensor failure
When sensors such as flow meter, manometer, and open/close limit switch of ON/OFF valve
and so on fail, alternative control (to assume a normal operation) can be executed by simulated
inputting the correct input signal forcibly on a faceplate of PX Developer.

1-1
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MELSEC-Q

il Reduce costs by combining FA (Factory Automation)

1 OVERVIEW

and PA (Process Automation) in the same platform.

PC for monitoring and engineering
‘ PX Developer P.31

(Process control FBD software package)

Design, debug, modify, and
monitor FBD (Function Block
Diagram) loop control programs.

v

X Developer  mPa3g

(MELSEC programmable controller
programming software)

The primary programming,
debugging, maintenance, and
troubleshooting engineering
tool for process and redundant
CPUs.

‘ X Component £ P40

(ActiveX® library for programmable
controller communication)

Allows user programs (on the
PC) to interface with Mitsubishi
programmable controllers via
the network.

‘ T SoftGOT1000 & P42

(HMI software)

Enables a PC to function as a
graphic operation terminal using
the same screen design software
available for the GOT.

Ethernet

C

CC-Link IE
MELSECNET/H

Controller Network or
Network System (PLC to PLC network)

Process CPU

CCeLink

G w5 =

4

Redundant local 1/O system

:J;L ! 8
Tracking cable
‘ Redundant CPU & P.17

Extension cable

Redundant type
extension base unit =58

Extension cable

Flow rate, pressure, concentration Temperature Sensor (i.e., limit switch) Control valve Solenoid valve Motor -’-i‘-"'7 Pump

Redundant remote I/O system

C

)

Remote /O station

‘ Channel isolated analog module

P.27

& ™ P e’ *u

MELSEC-Q




1 OVERVIEW 1 OVERVIEW
© MELSEC-Q

MELSEC-Q

Choose the optimum CPU based on the number of PID loops required and the scale of the application. Choose a control and monitoring solution that is right for the situation.
Category | Applicati | Solution Feature

- Excellent environmental resistance

High [/ Ot comvanies f - - Compatible with high resolution (15" XGA)
loop controllers with . ( HMI based GOT screen generation function -
— B program control |- --- e TR R e L —— = U ' Create process control and monitoring screens for the
3 \ 3 GOT1000 series automatically
3 3 General
3 3 monitoring
i Y R U QLG and control Combination of PX Developer
o MELSEC-Q Series | Monitor tool and SoftGOT - Use GT Designer2 or GT Designer3 to create GOT screens
rd ' process CPU lineup
Cost | AR . — — — — — — for the PC
I : i * Graphi i i
,,,,,,, - AR PR ___ gy phically represent operations on the shop floor to aid
| Process CPU Redundant CPU SoftGOT interface
I the quick understanding of system status
! Q02PHCPU Q12PRHCPU
PC based
1 Q02PHCPU “Q06PHCPU - - |ﬂ Q25PRHCPU Commercial SCADA

- Better flexibility and range of functionality

Complex
monitoring SCADA system interface
and control

- Links to enterprise system

Number of PID loops
(Reference)

- GOT screen generation function

GOT screens for monitoring, tuning, etc. can be automatically PX Developer GT Designer2

generated from programs created using PX Developer. This s

Automatically

feature eliminates the time consuming tasks of assigning = e | generated

devices and programming GOT screens to substantially reduce

development time. See page 37 for details.

- SoftGOT interface

Anal L | - .
outpurﬁnozf’dme ; Ohdue PX Developer monitoring functions can be ‘called’ or opened
directly from GT SoftGOT1000 screens. Consequently, the

-------------------- P development time for creating GOT screens can be reduced.

Current/voltage output

................... p - SCADA system interface

[ - Just configure parameters (no programming required!)‘}

- Can continue operating regardless of CPU status
(stop, error, etc.)
v

SCADA systems such as Wonderware InTouch by Invensys

Alarms detected by PX Developer
+

Systems, Inc. can be used to create advanced graphical

Alarms detected by InTouch

g 2
g ©
B < c o . . Drop?m loop Easil b !
: 28 displays of the system status. The PX Developer monitoring contol nteraces o monionng
g . ) . . ) vex contrl (Alarm consolidation function)
' 5 tool is designed to interface with SCADA software and its
monitoring functions may be called and opened directly by the i —
B e e e R EQFrcon: s Beal
. . ) f Load Cell Input Modulef SCADA software. B
Q Series 1/0 modules already being used in other systems can L b iy oo
be used with process and redundant CPUs, thereby reducing _ ) . | s
the number of required spare parts and lowering maintenance ' . The company and product names above are trademarked by their respective companies. i\
costs. | 1 . Directly access
IcH ! Q61LD ] Self:;:;: i?’;ﬁﬁers process control data
: : e (DDE interface)
*For detailed information about each module, please refer to the appropriate user's manual. ___________________ < |



2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

2. CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK
This chapter explains a procedure of creating loop control programs and operation check with
process CPU + PX Developer, showing simple examples.

2.1 Creating Loop in PX Developer
Create a loop control with system configuration shown below as an example.

Process CPU (Q12PHCPU) P Analog input module (Q64AD-GH)
‘Analog output module (Q64DA)

Personal computer 64000 digit )

{ 12000 digit
r-——— T—=—=————- \
Analog input SV Analog output
module module

I PV FIc \ MV |

| L
410 20mA | W ll 4 to 20mA

Loop ta |
| p tag v

| @ _

Flowmeter Control valve
[Measuring range 0 to 20L/min|  [Manipulated variable 0 to 100%|

The following figure is a program which is corresponding to system configuration shown above. This
program imports PV (process variable) to tag FB (FIC001) from module FB (Al_1) which
corresponds to analog input module (Q64AD-GH), executes PID control, and outputs the result to
module FB (AO_1) which corresponds to analog output module (Q64DA).

In this example, use 2-degree-of-freedom advanced PID control tag FB (M_2PIDH_T_) which
optimizes both the control of disturbance response and target tracking as a loop tag.

2 -1



2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

2.1.1 Flow chart of creating advanced PID control loop, operation check, and operation monitoring

This section explains a procedure of creating a project including PID loop adjustment.

1) Creating a project

2) Registering module FB corresponding
to analog module

3) Registering tag FBs for loop control

4) Creating a loop control program

5) Setting loop control parameters

6) Creating simulation program

7) Compiling program and download to
process CPU

8) Monitoring PID loop with faceplate

A 4

9) PID loop adjustment with tuning
screen (Monitor Tool)

Create a project and start programming in PX
Developer.

Register analog modules to be used on the module
FB declaration window.

Register tag FBs for loop control on the tag FB
declaration window.

Paste module FB, tag FB registered in 2), 3) on a
FBD sheet and connect together.

Set parameters of the tag FB on the FB property
window.

Add input/output data loopback program required to
simulate the PID loop control.

Compile the created program and download the PLC
parameter, program, data (default) to process CPU

Monitor PID loop with faceplate (controller panel) of
PX Developer.

Start Monitor Tool and adjust PID parameters with
tuning screen.

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

2.1.2 Creating new projects

A project should be created before programming with the programming tool.
This section explains how to create a new project.

1) Click the new project button [ on the toolbar.

(Can also be performed by selecting Menu
O [Project] — [New Project)).

1) Click

!
Mew Project X 2) Click [] to the right of PLC type and select
PLG Tpe "Q12PH" on the "New Project" dialog box. (Select
2) Click '=| and then PLC type in accordance with the PLC CPU type
select "Q12PH" from the list. to be used.)
Comment: I
Label setting of G Developer project
" Do not use label
(o Lze lsbel
Select this option if yvou want to use lshel programs in the GX Developer
project )
i x| 3) Click .. | to the right of the Driver/Path text box.

£10 Ty
2P H Gancel
Project Name Setting

Drive/Fath: IC¥MELSEO¥thq¥MyPrDJEC( ‘ ’

Project Name: I

Comment:
3) Click

Labe! zetting of G Developer praject
" Do hot uge label
&+ lse label

rSe_Iect thig option if wou want to use label programs in the G Developer
praject )
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MELSEC-Q

4) The "Select Directory" dialog box is displayed.

Directory Name: ok ) Click [=] to the right of Drive and select the drive

Ok
Ic:IMELSEGEthqIMyProiect r T When Changing the driVe.
= o To change a save destination folder, operate a
[ MELSEC !

(5 Foa folder tree in the middle of the dialog box, select a
= folder for saving the project, and then click the
[OK] button.

4) Select a folder to be saved
and click the [OK] button.

Drrive:

| =o ij e twark... |

Click [=] and then
select the drive when changing the drive.

|
New Project ] 5) Enter 'Equipment A" in Project Name text box, and
BLG Type: click the [OK] button.
IQ1'2FH jv Fancel
-~ Project Mame Setting
DrivesPath: |C:¥MELSEC¥thq¥MyPrnjacH!Equwpma £ _I

Project Mame: Equipment_A| /

Comment | \ /

~ Label setting of G Developer projec\v/ |

(" Dgoot uze lahel

~
5) Enter 'Process equipment A' as a

Project Name and click the [OK] button.

6) "Equipment A" project is created.

—————
Py

B e G

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

2.1.3 Registering Module FB corresponding to analog module

Register analog modules to be used on the "Module FB Declaration" window.

1) Double-click Module FB on the
"Project” window.

1) Double-click ]

2) The "Module FB Declaration”
window is displayed.

il Ve
- Lisecetat 11 Trow
o 0 Dovmicpes Labal Aas et
+ 5 e
= I Ut
Proaran, scuson Sartrg
5 Do Prsimet

o gt wete

2) The "Module FB Declaration" window is displayed. ]

3 Sl vhatm [ e

¥ Motule FB Declaration (Edit Mode) o __ M=E3) 3) Enter Module FB Variable Name
Module FB Variable Name  Module Model Mame | Module FE Type | Head IO Address (Hex)| Station Mo. Gomment . .
1 [ | ! corresponding to analog input
1

module.

Enter 'Al_1' as Module FB Variable

Name as an example.

3) Enter'Al_1l'

4 »

& Module FB Declaration (Edit Mode) M=1t3] 4) Select Module Model Name.

Module FB Yariable Name | Module Model Name | Module FB Type | Head L0 Address (Hex}| Station Mo. Gomment .
& 1 ALT FCEHAD-GH " | AIN 4CH & Selectlng a "Module Model Name"
1 SESGE-DGH Sna_lcn? o ng\lta\ 8Unvsrter mugula Eg 8? Ohalnlilel-lsu\aled) - II . I h . h f h
ital t te =1
QE20A-FG D:::t:l tg A::Ig: Cg:x;tz: Mgdt‘”: (2 Ch:agr;vzrsmel-isﬂ\aled) T ce dlsp ayS hé | to t € rlg t ) t €
Q204N Digital to Analog Converter Module (2 Channels) . .
Q644D Analog to Digital Gonverter Madule (4 Channels) cell. Click = | to d|sp|ay Module
Qo4 AD20A Analog to Digital. Digital to Analog G ter Module (nput 4 Ch, Out .
5404 Digtial o Analog Gonvertar Module (4 Chamels) ' Model Name select list and select
1A i Dizitzl so finzlne Crwwertor biadle (4 Charnale | -
: "Q64AD-GH"
« 4) Click [¥| and then ] Q '

select "Q64AD-GH" from the list.
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MELSEC-Q

& Module FB Declaration (Edit Mode) =13
Madule FB Varisble Hame | Module Madel Name | Module FB Type | Head /0 pddress ex)\ Station Mo, | Gomment

L] 0 ALl | Q64AD-GH AN AGH G
1

5) Module FB type corresponding to the module model
name is set automatically.

5) "Module FB Type" is automatically
set when module model name is
selected.

(Module FB Type cannot be edited.)

» | Module FE Deolaration (Edit Mode) H=1L3] 6) Input the head I/0O address of an
MUdIUIEAIFJE Wariable Name gﬂ;f:;gadsl Mame | gﬂllid’lzlg'—:ig Type  Head /O Address ful-éleuﬁ Station Mo. | Gomment mput tal’get mOdu|e Wlth 4-b|t

: hexadecimal number in the "Head
I/O Address (Hex)

Input "0000' as an example.

6) Enter '0000' to the "Head 1/O Address".

7) Declare a module FB corresponding

to analog output module as follows
T with same operation as shown in 3)
o to 6).

LN T S beew K Ehvewmbopers Progrssvesing Toal ¢ I05LSTOTF bt MyPromot i

Bamct [f jow Dugem Govwt (ries Degmncs ol Wedes lwb

DEFE@ b - A8 T W 2 JEadlu = Ades
v sieeniz-g= I J86s | EEEENE

Module FB Variable Name:"AO_1"
Module Model Name :"Q64DA"

ol : Head 1/0O Address :"0010"
7) Enter (declare) the information of the items.

rcton mih EVEND pis |Furctin.

L

| gt A sharnA_

Featy BB CniFH st e Bl el

8) Select the same tab name as project

. : ::_.“—"w_:_':;; .‘.,.JEE:EEE_....H._“__ g name "Equipment A" on the "Parts"
- e — window and select <<Module FB>>
= 4 4 tab.
Check that the module FBs are
registered.

8) Check that module FBs are
registered.

Tue B
el Vi ble
User-cetrat 18 Trow

.
= IR Gt et vision. Ede )

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

2.1.4 Registering tag FBs for loop control
Register tag FBs for loop control on the Tag FB Declaration window

Tag FB is a FB which has a process control function such as a controller and indicator. Tag FB has
data for execution of process control (such as PV, SV, MV, P, |, D, PV high/low limit value), is
composed 130 word data per 1 tag. (The start device for each tag is displayed on an Assigned
Device cell of Tag FB Declaration window.)

1) Double-click Tag FB on the "Project"

window.
1) Double-click ]
|--- :. .|-:- Yoot + 'r!..l -;n. it ¥ E salpmart AYLquipment A ip) - [ Tag 110 Dacaration (£it Modo)] E _5 d 2) The Tag FB DeC|arat|0n W|ndOW |S
D@@ sR/ o A& T | R 7 S JesSul| = M .
il P e WU T 111 o[ dlsplayed.
CEE Tkl Wodmen .ol [ | ", =
- upmant

|0 Tag FB Declaration (Edit Mode)

3) Enter tag name 'FIC001' in a Tag FB

Maximum Mo.of Tags (0 to 480} |"U Vanable Name Ce”-
Ha. Tag FE Variable Mame | Tag FE Type ‘ Tag Tyvpe | Aszsigned Device | Comment -~
1 |[FICOO1] ZR3000
2 ZR3130
3 ZRa260
4 280
5 3) Enter 'FIC001' 0
fi 650
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o
R E e
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™ B

T
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B o C8oshle Tack i o sy ol
Eiared F{ Cariral (vl Tracking for primasy hrlqﬂ

Uparatin "Nt Output)
DAVTRF Dt (1 NG Tutrat!
arusal Dutput i Moriir

| Ecpimwmr_&

188 2P arf ot B | [N

ML 1 Serbns 17 Davniopss 1'rod

LK 0 AR~

3 % g 1ool o YMLLILGY) by
M Powct L4t \aw Dagom Convewt Orine Domosics Tool Widom Heb
DFEd 1@ -

¥Mr oot ¥ Lo

SET D £ NG |« Mol

= )l s 2= dasd gmanBa
ot e
450 H % Mot ol Toes W) [0 [ ] L=
= B Coupment A |
Mo Tos Fil Variabie Mame | Tag FD Type  Tos Tipe  Assiened Owvice  Comment Mekie £
" vt ccom— T e
T 10 2 zan -
Geoai Vi 3 ] s W
G Drraloper Labe! Assanmant ] Rz =l ren
rSimew 5 R0
Prowem Liwation Sats ~ — 5
-

4)

5)

MELSEC-Q

Selecting a "Tag FB Type" cell
displays to the right of the cell.
Clicking displays the "Select
Data Type" dialog. Select a data type
to be used.

Select"M_2PIDH_T_"
(2-degree-of-freedom advanced PID
control) as an example and click the
[OK] button.

Select the same tab name as the
project name "Equipment A" on the
"Parts" window, and then select
<<Tag FB>> tab. Check the
declared tag FB is registered.
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2.1.5 Creating loop control programs

Paste the declared module FBs, tag FB on the FBD sheet and connect them.

1) Select "Process equipment A"
and then "Module FB"

e R R
2op= @ Feges IREERE

i / it
oy i

2) Drag and drop "Al_1" ]
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1) Select the same tab name as the
project name "Equipment A" on the
"Parts" window, and then select
<<Module FB>> tab.

2) Drag and drop the icon "Al_1" of
declared module FB from the
<<Module FB>> tab selected in 1) to
the program definition window to
paste.

3) Drag and drop the icon "AO_1" of
declared module FB to the program
definition window to paste as shown
2).
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4) Select "Process equipment A"
and then select "Tag FB"
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4)

5)

6)

Select the same tab name as the
project name "Equipment A" on the
"Parts" window, and then select
<<Tag FB>> tabh.

Drag and drop the icon " FIC001" on
the <<Tag FB>> tab selected in 4) to
the program definition window to
paste.

Click the Connector button ®l; on
the top of the "Parts" window, and
then connect output pins of each FB
to the following input pin.

In this example, connect "CH1" pin of
module FB "Al_1" to "PVN" pin of tag
FB "FIC001", "MVN" pin of tag FB
"FIC001" to "CH1" pin of module FB
"AO_1".
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7) Drag and drop a constant part and connect it
to FB.
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7) Drag and drop a constant part on the

"Parts" window to the program
definition window twice and enter
"TRUE" ("True" value).
Then, connect each of 2 output pins
of constant part to "REFR" pin of
module FB "Al_1", "REFW1" pin of
module FB "AO_1".

* Setting REFW1 pin TRUE enters
digital value from CH1 of module
FB "AO_1". Each channel has
REFW pin.

8) Add a procedure which enables D/A
conversion of module FB "AO_1".
Paste a variable part on the "Parts"
window and connect it as shown in the
left figure.

* This variable is a public variable of
module FB "AO_1". Therefore,
pasting variable part,
double-clicking it, and then
entering 'AO_1.STB' registers a
variable name.

9) Drag and drop comment parts and
enter comments if necessary.
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2.1.6 Setting loop control parameters

Set the parameters of a tag FB on the FB property window.

Basic parameter settings of tag FB are set on the FB property page.

The FB property page is displayed by selecting FB property page on the pop-up menu, which is
displayed by right-clicking a tag FB on a program.

The default parameters have been set; therefore, change them in accordance with the systems. In
this example, set the minimum requirements for loop control.

1 ey 5 i
Rl i e L ]

- [ - Analog hput

Tnput High Limit [

Input Low Limit ﬁlj—_.
High Limit Ranee Error ]'TU?D—“
High Limit Range Error Reset ﬁ‘U“ﬁﬁn—‘
Low Limit Ranee Error Reset ]UD—_

4 Low Limit Range Error -0

- P Engineering Value[Enginesring Value]

Aty Rl e PV Enginsering Valus High Limit 1000
GcHzDs - e cAsI GAS A %
CH3 L= E— EW GMPIN CAS0 P Engineering “alue Low Limit an
aesnp-GH* oA N PV High High Limit Alarm Valus 1000
Jladszinl sl MR
e - I P High Limit Alarm Value 1000
—
= P Low Limit Alarm Walue oo
---------------------- P Low Low Limit Alarm Value 1[”3—-

;Input Ranes: Input Low Limit < Input High Limit <= 99399470
|

} i Advanced.. l Show Figure >> I
) — aK l Cancel ]
=P New Shest Jﬁ Lacal Variahlei —
Ready B [012PH |Host station [Edit | NUM | 4

The following explains the parameter setting data of "Input" "PID Operation" "Output".
The example shown above uses the default settings of parameter except "Input” "PID Operation"
"Output". For details of each parameter, refer to Appendix 1.
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1) Setting "Input" parameter

FB Property Paze [FIG001]

MELSEC-Q

1) Set the input parameter in

IIPIDInOpTration i Cazcade i Qutput | Other ] accordance W|th eaCh ana|Og
 Analog Input -
Tput High Limit I — module. In this example, change
ut Low Limil . . . . .
el L items indicated « in the figure to the
High Limit Ranee Error
High Linit Ranee Error Reset % left as the table below.
v Limr NEES Crror B '—“ -
Gl e e — Y ltems other than them remain default
. P¥ Eneineering Yalus[Engineering Value] Settlngs
P/ Engineering Value High Limit I T —
PV Engineering Value Low Limit m— . . .
PV High High Limit Alarm Value B Clicking [Show Figure >>] button
ieh Limit Alarm Value _ H H H -
AR O LLRL iy [ [0 displays the detail description of the
PV Low Limit Alarem Walue m—“
PV Low Low Limit Alarm Walug lDJJ parameters
(Figure to the left is the status that
avarced. | [ ; the detail description is displayed.
Clicking [<< Hide Figure] button
Input Limiter (P_IN) . . L.
hides the detail description.)
Anslog _.| Range Togsit H Inveree Enginesring H Digital P
Input Check Limiter Value Conversion Filter Input [%]
Input Limiter Input Limiter
Processing Result Processing Result
Input Hign Limit Input High Limit
{IN_NMA) {IN_NWAX)
Input Low Limit Input Low Limit
(IN_NMIN) (IN_NMIND
Ok i Cancel i
Contents Setting
tem value
Grou . indicates
P (Variable name) =
the value
changed
Analog Input | Input High Limit Set high limit value for the range of A/D conversion values (such| 64000.0 =
(IN_NMAX) as 0 to 4000, 0 to 8000) input from an analog input module.
Input Low Limit Set low limit value for the range of A/D conversion values (such as 0.0
(IN_NMIN) 0 to 4000, 0 to 8000) input from an analog input module.
High Limit Range Error | Set reference value of high limit exceeding error (range high limit| 65535.0 -
(IN_HH) error) for A/D conversion values input from an analog input
module.
High Limit Range Set reference value of error reset performed after high limit range| 64000.0 ‘
Error Reset (IN_H) error occurrence.
Low Limit Range Error Set reference value of error reset performed after low limit range 0.0
Reset (IN_L) error occurrence.
Low Limit Range Error Set reference value of low limit exceeding error (range low limit| -1536.0 ‘
(IN_LL) error) for A/D conversion values input from an analog input
module.
PV PV Engineering variable | Set high limit value for using A/D conversion value inputs from an 20.0 ‘
Engineering | High Limit (RH) analog input module as PV engineering variables.
variable PV Engineering variable |Set low limit value for using A/D conversion value inputs from an 0.0
[Engineering | Low Limit (RL) analog input module as PV engineering variables.
variable] | PV High High Limit Set reference value of high high limit exceeding alarm for PV 20.0 -
Alarm Value (HH) engineering variable.
PV High Limit Alarm Set reference value of high limit exceeding alarm for PV 20.0 -
Value (PH) engineering variable.

2 -13
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PV Low Limit Alarm Set reference value of low limit exceeding alarm for PV 0.0 3) Setting "Output" parameter
Value (PL) _ engineering value. _ . FB Property Page [F10001] Ll 3) Set the output parameter in
PV Low Low Limit Set. reference value of low low limit exceeding alarm for PV 0.0 Wput | PID Operation | Gascadd_Output [Prver | accordance with each analog output,
Alarm Value(LL) engineering value. - Analog Output . i .
2 S tt "PlD O t " t Output Caorwersion High Limit ‘ In thIS example, Change Items
utput Gonversion Low Limi I— . H H -
CRSIdallyle DO Da e . _ _ [ s = indicated « in the figure to the left as
FeE S s R Ll 2) Set PID operation parameters in Y the table bel
Input ascadei O.utput | Other | accordance Wlth Systems to be used [ Enable Tight Shut/Full Open € table below. .
-~ 9-degree-of-freedom FID Cperation- : ] ) Full Open Output Value (%] s Items other than them remain default
Peverse dction/Direct Action 1Reverse Action 'i |ﬂ thIS example, Change the ItemS Tieht Shut Output Value %] ]—“ Settlngs
ontro clels. . . . . .
I e e & | indicated «— in the figure to the left as
- PID Constant |
ey e — the table below. Items other than Clicking [Show Figure >>] button
Inteeral Time(Dl<] 100 them remain default settings. . . -
Derivative Time(D)(s] e displays the detail description of the
Y High/Law Limit[Engineering Value] - r parameter
ieh Limit Valus : : _ SR ; ;
EELH hLL _:\Y‘I DD « Cleng [Sho Fg e >>] b tton Input Range: Output Conversion Love Limit < Output Goreersion High Limit <= 9990090 (F|gure to the Ieﬁ: IS the status that
om Limit Walue | | W 1au u | . . . . .
' . i - T the detail description is displayed.
displays the detail description of T - P  cispay
the parameter EETE—— Clicking [<< Hide Figure] button
°P L 4 Lo hides the detail description.)
(Figure to the left is the status that Output orversn it
the detail description is displayed. iy
Clicking [<< Hide Figure] button e s
hides the detail description.) O3 0% ooy Ve
/\ Vi Process Value (PV)
(sv)
Process Value (PV) v/—\\_/ fot Valie
g : - % Ok Cancel
::t‘;salaa m;niaulamd usri:bla when the I:I‘Bcraassslmanipu\ut; :a‘1d:\s whan tha
process value is smaller than the set value.(like process variable is bigeer than the set value.
heating) {like cooling)
Setting
Ok Cancel Item Value
Group . Contents €= indicates
. (Variable name)
Setting value the value
Grou Item Contents 4= indicates . - . changed
P (Variable name) the value Analog output | Output conversion | Set the high limit value for the range of D/A conversion 12000.0 <
changed high limit values (such as 0 to 4000, 0 to 8000) for writing to an
2-degree-of | Reverse action/ Reverse action which increases the manipulated variable Reverse (OUT3_NMAX) analog output module.
-freedom | direct action (MV) when the process variable (PV) decreases more than action Output conversion | Set the low limit value for the range of D/A conversion 0.0
PID (PID2H_PN) the setting value (SV). low limit values (such as 0 to 4000, O to 8000) for writing to an
operation Direct action which increases the manipulated variable (MV) (OUT3_NMIN) analog output module.

when the process variable (PV) increases more than the
setting value (SV).

Control cycle Indicate PID operation cycle and set the time (second) that is 1.0
[second] the integral number multiple of execution cycle T (the default
(CT) is 200ms in the execution cycle of FBD program).

PID constant | Proportional gain Set the proportional gain in P operation. 1.0
P) Proportional gain equals 100/proportional band (%).
Integral time Set the integral time in | operation. 10.0
(1) [second]
Derivative time Set the derivative time in D operation. 0.0
(D) [ second]

SV high/low | SV high limit value | Set the high limit value of high/low limiter processing to SV 20.0 «

limit (SH) (target).

SV low limit value Set the low limit value of high/low limiter processing to SV 0.0
(SL) (target).

2 -14 2 -15



2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

2.1.7 Creating simulation programs
Add input/output data loopback programs required to simulate the PID loop control.

The simulation program is used for PID loop control operation check without connecting to the
control devices such as sensors and control valves.

An example of simulation program is shown below. This processing is for returning MV output of tag
FB "FIC001" to PV input of tag FB "FIC001" in the program.

First of all, convert simulation output "FICO01.SIMOUT" of tag FB "FIC0O01" to percentage with
P_IENG". Then, simulate lag time caused by response of control target with "P_LLAG" and dead
time caused by response of control target with "P_DED". Then convert input data (%) to input data of
tag with "P_ENG", and enter it to simulation input "FIC001.SIMIN" of tag FB "FIC001".

SV

PV MV
FIC
> oot

1/0 execution mode’ 1/0 execution mode

NORMAL, SIMULATION Simulation control SIMULATION NORMAL
Tag name.SIMIN target Tag name.SIMOUT
P_ENG P DED P_IENG
Engineerin - P_LLAG Inverse
W gUnit ‘I Dead [« Lag €| engineering
Conversion Time Unit
Conversion
Control valve
Flow meter

Loop

Switching 1/0 execution mode of tag FB from NORMAL mode to SIMULATION mode enables
simulation operation. Switching 1/0O execution mode can be executed with faceplate.
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1)

2)

3)

4)

5)

MELSEC-Q

Drag and drop a variable part twice
and enter variable names
"FIC001.SIMOUT" (Tag
name.SIMOUT), "FIC001.SIMIN"
(Tag name.SIMIN).

* This variable is a public variable of
tag FB "FIC001". Therefore,
pasting variable part,
double-clicking it, and then
entering "FIC001.SIMOUT", and
"FIC0O01.SIMIN" registers variable
names.

Select the <<Correction Operation
FB>> tab in the <<Manufacturer FB
parts>> tab on the "Parts" window,
drag and drop "P_IENG" (inverse
engineering value conversion), and
enter 'IENG_01' as a FB name.
Click the pasted FB "IENG_01", and
enter (0 to 12000) for the range of
analog output module to the "FB
Property" of "RH", "RL".

Select the <<Correction Operation
FB>> tab in the <<Manufacturer FB
parts>> tab on the "Parts" window,
drag and drop "P_ENG" (engineering
value conversion), and enter
'ENG_01' as a FB name.

Click the pasted FB "ENG_01", and
enter (0 to 64000) for the range of
analog input module to "FB Property"
of "RH", "RL".
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6)

7)

8)

9)

Select the << Control Operation FB
>> tab in the <<Manufacturer FB
parts>> tab on the "Parts" window,
drag and drop "P_LLAG" (Lead-lag),
and enter "LAG_01" as a FB name.

Click the pasted FB "LAG_01", and
set to 5.0 for "FB Property" "T1" (Lag
time). Set O for "T2" (Lead time).

Drag and drop a constant part on the
"Parts" window, enter "FALSE" and
then connect it to "INVLD" pin of
"P_LLAG".

P_LLAG executes lead-lag
compensation for input value and
outputs it when operation signal
(INVLD) is FALSE.
In this setting, is 5.0
seconds.

lag time

Select the <<Control Operation FB
>> tab in the <<Manufacturer FB
parts>> tab on the "Parts" window,
drag and drop "P_DED" (Dead time),
and enter "DED_01" as a FB name.

10) Click the pasted FB "DED_01", and

set to 3 for "SN" (sampling number)
of "FB Property"
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11)

12)

MELSEC-Q

Drag and drop a constant part on the
"Parts" window, enter "FALSE" and
then connect it to "INVLD" pin of
"P_DED".

P_DED gives dead time for input
value and outputs it when operation
signal (INVLD) is FALSE.

In this setting, dead time is 3.0
seconds.

Connect lines as shown in the figure
to the left, and drag and drop
comment parts and enter comments
if necessary.
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2.1.8 Compiling programs and writing to process CPU

Compile the created program and download the PLC parameter, program, data (default) to process
CPU.

1) Select [Convert] — [Cold-start
Compile] on the menu to execute
cold-start compile.

Developer Progzramming Tool c¥MELSECG¥Fhdg¥

i Error Check F4 = -
iCs! I

Cold-ztart Compile mm

u:ut—start Compile
: CompilelQnline Change)

..... GHil= - -

MELSOFT Series PX Developer Programming Tool

2) Click the [Yes] button.
New assignment information is created by Cold-start Gampile as follows
] E —Assiened devices of all the warisbles may be changed.
—All variables are initialized when downloaded to the PLC next time

Tf you start Cold-start Gompile, this project will be saved
And after Caold-ztart Compile, monitoring operation and online chanee cannot be executed until the project iz downloaded ta the PLG

Do you want 1o start Gald-start Compils?
2) Click the [Yes] button ]

l

3) The message of processing contents
is displayed on the "Output" window
during compiling.

When the compile is normally
completed, the message of "The
registration to GX Developer project
was successful. The finish time is
..."Is displayed on the "Output"
window.

<When a compile error occurs>

[ MILSOTT Serles % Developer Procramming Tool « YMELSECHTbéa¥MyProjectEqulsment AVCquipment A o) ~ [Procraml PROGRAMI (£ M [ 1515

a) If an error occurs, the error message is
displayed on the "Output" window, and
the compile is stopped.

- b) Double-clicking the error information

{55 line on the output window selects the

— error part (such as connector) on the

b) Double-clicking the error information FBD sheet when errors occurred by

line selects the error part. such as disconnection of the lines,
connecting to FBs/variables which
have different data types.

11111
e
%

' ]
'i\‘)‘ulu modide FI
b Chacking the tag F]

| Chmch g G DorvmkB b

gj 1 amertsl, 0 mamingleh Comgie fadad The finich tiss @ 00510 125754

s B ciiPhe Mot saston Eoe N

Execute compile again after modifying the error parts.

2-20

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

After the compile is normally completed, write the PLC parameter, program, data (default) to process
CPU. In this example, switch the Process CPU (the switch is in front of the process CPU) to the
STOP status, and then write to the process CPU. Check that the writing is completed normally, and
then switch the process CPU to the RUN status.

4) Select [Online] — [Transfer Setup]
on the menu to display the Transfer
Setup dialog.

A

[ 4) Select "Transfer Setup" ]

Lpanster Saty, x 5) Set and check the communication
- connection to the process CPU on
the "Transfer setup” window.

5) Set the communication connection

and execute the communication test.

PLG side L/F

GG IE Cont MNET(I
META0H) moduls

maduls \ i
PLC mode  |OONQ@imade)
MELSOFT, Series PX Developer Programming Tool [

- .
1) Guccesstully connectsd with the 012PHGPU
;.“]i v\ Gonnection Marnel list
G direct cofled setting

No specification  Oth

Other station

— as ik S ] =
Time out (SEE{ 10 =T = - gCnnr’\EDtmn test 2
— ——  ~Tareet system— 1
nt i

j | PLG typs  |QT2PH
- Multiple GPU setting —— Cotal

- 3333
1 2 3 4 annection O/ BETEL G934

CC IE Cont NET(I GC-Link Ethernet
I T | Tareet FLG oK
Accessing host station |

IFNDt specified

Glose

6) Select [Online] — [Download] and
then click the [OK] button on the
"Download" window.

[ 6) Select "Download" ]
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Download

Item

([l

[ After down

Executable Data

X

Check the item to download to PLG.

Dietail

To execute thiz project in the PLCG, downloads the following data:

Compile Statug
Cold-start Compile

7) Check "The Executable Data" and click the [OK]
button.

PLC/ Metwark/Remate Password

Device Memory
FEDG

ing the above items, a window of GX Developer for downloading will be displayed.

Gancel

(5 MELSOFT Ser

cramming Tool ¢ YMELSTCYT Bda¥MyProjectYEauk
Dnlne  Disgnostcs Tool Wedon ek

ulpmant A dp] - [Procram] PROGRAM (Edit s, [o 51

LM E Y TR ZE JlgdMal ¥ @b

- = W C @At REEERR

== e
B Prevarre for downloading the promect dela to the PLE.

e iy the PLC:
kg e program.
i wal o the file register
ctmechee] i1 chomrikaielrg the avecutabile dath of the prpct
et finish time of downloading m 2010VTRT 137208

He property exicts

e atariad. The #1611

STIFH oot staton Edit UM
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<Switch the Process CPU to the STOP
status.>

7) Check "The Executable Data" and
click the [OK] button.

8) When completing to write to the
CPU, the end message is displayed
on the "Output" window.

Check the downloading is normally

completed, and then

<Switch the Process CPU to the RUN
status>.

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

2.1.9 Monitoring PID loop with Faceplate

Monitor PID loop with faceplate (controller panel) of PX Developer.

Monitor the PID loop and check the PID loop operation on the programming tool.

(1) Starting online monitor
1) Select[Online] — [Monitor] — [Start
Monitor] in the menu and start online
monitor on the FBD.
(Pressing the F3 key also starts
monitoring.)

[ )

[

[ 1) Select "Start Monitor" ]

2) Online monitoring is started and
"Monitor Mode ‘Monitoring™ is
displayed.

T MRLESH T Sinres 145 Doverbopor Frogramming Fonl € YMELSECY Ny Toiect ¥ g ? at 5 1 S »
a Doect [0 Yo Dispam Coverl Onies Qogrosics Jool Sede b =
(S| FRIEEF ey =i

us b-# [ ~aas  pEnEEE

- o
Flows Conbeed
,-"rm‘ﬁi.a.r] b
| oraice pliicH |
LR L4

nﬂﬁ G
‘:ﬁ 2) "Monitor Mode 'Monitoring™ is
displayed.

[Pessy S G Hos wiation | of Morskor i
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[ MELSOFT Serics PX Developer Programming Tool c#MELSEC¥Fbdq¥MyProject¥Equipment A¥Equipme. [ |[E][&]
BEES

°F2 Broject Edit ‘iew Diagram Conwert Online Diaenostice Tool Window Help

DM BE- i 8 g -ﬁ%ﬂ@l—_}v.-x@_
7. v B 1 A nmﬁv@\a

DEEFEC

[ TE
[ TRE

Channel-izolated
Analog Ihput Module

Flow Control

A0
ADUT 4CGH

AL FICO0! — REni
AINRchC?-ﬁ Y ] M2P Chanee Currem Walue...
GHI|— — CAEIN
i o= PVUOMI Pause FB
ossan-8° [~ p |

Analog Output Mod

Register to Entry Variable Maonitar

For Simulation

FIC001

Wirtual Ountmlled Object

Dead Time

IENG O PLLAG

" FALSE |
FALSE |
Inverse Enegineering
Value Conversion
LAG i 01

PIENG INVL'D ouT |——
I G i e T
on
SV Change Button
i
MV Change Butto
Control Mode 2PIDH
Change Button
Stop Manitor —
£ | >
<3 Mew Sheet | ] Local Variabls |
Displays the faceplate 2 [@12PH Host station | gf Monitor NUM
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3) Right-clicking the tag FB (FIC001)

and selecting "Faceplate...
displays the face plate in
accordance with the type of PID.
The status of PID loop (such as PV,
SV, MV, control mode, alarm) can
be monitored.

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK MELSEC=Q
]| -

(2) Changing the I/O mode

1) Switch the control mode to MANUAL with the control mode change button on the Faceplate,
and then click the I/O mode change button shown in the upper-right corner. Selecting
SIMULATION on the "Change I/0 mode" dialog enables the simulation operation of the PID
loop.

2) Switching control mode to AUTO with the control mode change button, and then clicking the SV
button to set/change the SV enables to check the PV change by simulation operation (tracking
to SV).

I/O mode
change button

e E SR TR | & B i TR (| | et Bs
|| ' ﬁuw% Jead| mEEs
| [ e — = [Fari= x
Equipment_f -~
% Project Parameter
Module FE
&} Tot o Lc_RUE §  Bistable FB
i Glabal Varisble [ oo ] E Dt
L, G Devaloper Label Assignment : £ Gounter FB
=124 Program bt Blated, @ Timer FB
o2 PROGRAMT < e S Communication
+1- (3 User—detined ALl CE 2 Correstion Opera
=1 Program Execution Setting & S Y Arithmetic Opera
| EEEET x Lsvl-IFiGoo1] i Gomparison Oper..
= = onn 5§ Gontrol Operatio
= ; : Q48D  TreT—
o property exists. S 5 [Urar
& [rene
T = | Hrp
P (1=
Far Simulat 2 [Brcen
m (}Fl
& b s [Qeww
= e
FALSE | : i Eneines B [ Drwm
[ 2 il
O AT
Value Conversion ENG =
ENGM L) PEI =]
y P LLAG N - b
PLIENG MWD OUT |— (%) 100 &
—Bf FcooismolT |——m out N =
an &
Control Mode
Change Button
Stop Monitor 2 L0 Gontral Oper
< T Logp Gontral Op.
=3 Mew Sheet @ Local Variable Special FB (Taz
Ready ' @12PH [Hast station B Monitor I HUM |
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(3) Changing variable with the FB property

The online monitor/change for each parameter of the PID loops can be executed on the FBD.
Clicking tag FB in the status of the FBD online monitoring displays the FB property window and
enables to monitor the current values for each parameter of tag FBs.

When changing current value, clicking a "Current Value" cell and then ... to the right of the cell
displays the "Change Current Value" dialog. Input a value to be changed and then click the [Set]
button.

ELSEG¥Fbda¥MyProject¥Equipment A¥Equipment A fpj — [[Prosram] PROGRAMI (Monitor Mode M...[- [D|[X

PR | EF ek me|] vl e

m 0 —m e P
|7 ddle zj===|a-2-|=||[w Jeasc| EEEMEE|
[Froect _———— B =
B ¢ _ij 'm x Enable D/f Conversian =
=] @ Equipment_A
: % Project Parameter TRUE B 40 15T [
g Module FE TR | FALSE
5 ZE] Tag FB TRUE Analog Output Module
& i Gilobal Variable . EEriGeaal
oLy G¥ Developer Label Assignment _ B = A
=43 Program i ey ) =
H B PROGRANM Ghange Gurrent Value r?l FC\))HT'40H
L+ (2 User-defined F%
i i . Wariable Name FICO0 P
¥ E Proeram Execution Setting
G
FB Property Ceta Tne REAL
Set Value
Change Current
Value dialog
| i et Gise |
FALSE |
FALSE | 3 Eneinesring Walug
| - | Dead Time | Conversioh
Inverse Engineering Lag
Value Conversion e DED.O1 EMG M
IENG.M = P DED P_ENG
P_LLAG INVLD  OUT N ouT FICO0
ALPHAD PIENG MDD OUT —— IN P —
_ﬁn FICO07 SIMOUT | i} ouT N i
BETA? o0
GTDUTY
VLI
)
Data Type REAL < >
Thitial Value 10 = = - —-
i = MNew Sheet Lﬁ Local Wariable i
Ready [ @12PH [Host station | f Monitor | NUM | 7 |

(4) Reflecting to default of FB property

With the following procedure, read current values of the property from the "FB Property
Management" window and reflect them to default in a project.

1) Click [Online] — [FB Property Management...] in the online monitor status.

2) Click the [Read All] button. (The position that differs from the default is displayed in red.)
3) Check Substitute checkbox of the items to be reflected to the default. (Select all for default)
4) Click the [Substitute All] button.

The processing shown above reflects current values as the default in writing to a PLC CPU
after completing cold-start compile.
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2.1.10 PID loop adjustment with tuning screen (Monitor tool)

PID loop adjustment can be executed with the tuning screen of Monitor tool (a screen which has
functions of faceplate + tuning trend + tag monitor).

(1) Changing mode
Starting the Monitor tool displays the monitor toolbar on the top of the screen as shown below.

*1
Click the [Change Mode] button (*1), enter User Name: ‘admin’, Password: '‘admin’ on the dialog
box as shown below, and then click the [OK] button. When the switch to the engineer mode
conformation message is displayed, click the [OK] button to switch the operation mode to the
engineer mode.

Enter 'admin’ for both User
Name and Password

The tool bar is displayed as shown below on the engineer mode. (Change Mode button is

displayed as "ENG” and two buttons are added on the right side of the tool bar.

¢ B BIR &
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(2) Project setting

Click the [Setting Window] button (*2) on the monitor toolbar.

B @@

MELSEC-Q

£ ¢ B ERE

Click “Monitor Target Project Setting” on the "Monitor Tool Setting" window as shown below.

{88 Monitor Tool Setting
Eile  Edit

User Setting

Wonitor Target Project Setting |
OFS CeLiing

Cantrol Panel Setting

Trend Setting

Alarm Setting

Event Setting

lUser-created Screen Setting

Unit Setting

Faceplate Display Pattern Setting
Faceplate Display Scale Setting
Faceplate M¥ Characters Setting
Lockout Tag Setting

Option Setting

Ready

Set the assignment information database file (path) and transfer setup on the line No.l. For
assignment information database file, set .MDB file which exists in the same directory as the
project (.FPJ file) created in the programming tool. For transfer setup, click the ... button to set
a communication route whose monitor tool connects to a Process CPU.

|88 Monitor Toal Setting [Monitor Target Project Se_tting_]

Event Setting

lser-created Screen Setting

Unit Setting

Faceplate Display Pattern Selting
Faceplate Display Scale Setting
Faceplate MY Characters Setting
Lockout Tag Setting

File  Edit

User Setting Apply II Cance | Reload

Wonitor Target Project Setting —/

OPS Satting No. \ ProjeciWhage . Assizazent Tofocuation Natghase Eile [PIG Tuge
Control Panel Setting 1 XGUIPHENT _# ] C:¥MELSECYFhda¥MyProject¥Eauipment Al Q12PH  (lISH
Trend Setting 2 [ i

blarm Setting 3

B MELSOFT Series PX Developer Monitor Tool l§|

=

Do wou want to apply the setting data? ( \
Set "Assignment Information

Database File", "Transfer Setup"

Cancel |

Option Setting 10

11

12

13

14

15

16
Feady

and then click the [Apply] button.
Click the [OK] button on the
confirmation dialog

Click the [Apply] button and then click the [OK] button.
Writes tag information registered in a programming tool to the Monitor tool.
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(3) Control panel setting

Click "Control Panel Setting" on the "Monitor Tool Setting” window, enter 'Equipment A" in the
"Group Name" cell of "Group 1, and enter the tag name 'FIC0O01" which is registered in the
programming tool in the "Faceplate 1" cell.

{88 Monitor Tool Setting [Control Panel Settinz] |._‘|E‘r§‘
Eile  Edit
User Setting Apply I Cance| |
Monitor Target Project Setting
OPS Setting [tem | Contents | = I
Control Panel Setting B Group 1
Trend Setting -~ [Group Name [[Eauipment #
flarm Setting ~ Faceplate 1 U
Event Setting L Faceplate 2
User-created Screen Setting S
Unit Setting Ot oh
Faceplate Display Pattern Setting Facerl it 5
Faceplate Display 8cale Setting
Faceplate MY Characters Setting - Faceplate @
Lockout Tag Setting - Faceplate 7
Option Setting - Faceplate 8
B Group 2
- fGroup Name
- Faceplate 1
- Faceplate 2
- Faceplate 3 |
- Faceplate 4 bt
Ready )

Click the [Apply] button and then click the [OK] button.
Faceplate corresponding to tag "FIC001" which is registered in the programming tool is assigned
to group 'Equipment A,

[E_Monitor Tool Setting [Gontrol Panel Settinzl

File Edit
User Setting

Monitor Target Project Setting ! feply -I e I

OPS Setting Iten | Contents ‘I
Control Panel Setting B Group 1

Trend Setting - iGroup Hane Equipment A

Alarn Selting - Faceplate | [©) rrcont

Event Setting - Faceplate 2

User-created Screen Setting S e lee &

Unit Setting

Faceeld MELZSOET Series PX Developer Monitor Tool F;l
~ Facepla —

Faceplate Display Pattern Setting
Faceplate Display Scale Setting

Faceplate MY Characters Setting - Facenls TE Do you wartt to apply the setting data?
Lockout Tag Setting - Facepla
Option Setting ~ Facepls Cancel

[ Group 2
—  fGroup Hame
~ Faceplate |
— Faceplate 2
-~ Faceplate 3

- Faceplate 4 T
Ready A
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(4) Tuning screen Click the [Details] button on the faceplate "FIC001" to display the tuning screen as shown below.
The tuning screen is composed of the tag monitor, tuning trend graph and faceplate.
Click the [Control Panel] button (*3) on the monitor toolbar.

No. Item Data Unit : fiuto Tuning ‘ Gridline Interval | Y-anis Scale :| _ SiM
! PV 15.0 Call 4T Li ‘ o cey Fil | FICDOD1 i
:,ﬁ .’.4: ﬂ 9 Wy 5.0 % ol lected Tag List wport to ile
: @ | | N 3 svo : 2010/08/06 10:16:10
4 | sy 15.0 2 ] 15.0 T —
E | WK 100.0 % eV (Eurrent) | 15.0
BN 0.0 % = Hy 75.0 % Clear | Stoe
. . - I . 7| PH 20.0
A group name and faceplate which are registered in " (3) Control panel setting" are displayed. 5 B =
Click the faceplate [Details] button on the "FIC001". 8 M 20.0
i 0.0
11| sH #0.0
|| Gontrol Panel — Equipment & 12 5L 0.0
et 13 P 1.00
-IT 141 0.0 s
15D 0.0 s
FIC001
Basic |AH |
krucess Yariable Y,
Tag monitor Tuning trend graph Faceplate

[ Click the [Details] button. J

Equipmant &
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(5) Starting online monitor
Click the collection start button ([Start] button) to start the trend data collection/display the monitor
(the display above the collection start button is switched to "Collected" from "Stopped").

Wo Itenm N Data | Unit huto Tuning ‘ Gridline Interval | f-axis Scale |

; ;: : 432 ¥ Collected Tag List ‘ Export ta CSV File | Ficoo1
3 s 2010/08/07 18:12:40

P 10.0 el ] 0.0 T

LG 100.0 % = s¥iGirrent ) | 10.0

B L 0.0 % = W 45.5 % s || B ‘

7 PH 20.0 1o

8 PL 0.0 1o

g HH 0.0

m| L 0.0

] sH 20.0 -

wl sL 0.0 Collection
. " ol start button
141 10.0 & o

D 0.0
10.0
50.0 195 %

0 (%) 100
I

]
MANUAL
2PIDH

0.0
[Process Variahle 4 n v Close

Basic |All |

(6) Mode change

« Change the 1/0 mode to the SIMULATION
Click the I/O mode change button (*4) on the faceplate.
The "Change 1/0 Mode" dialog is displayed. Click the [SIMULATION] button and then click the
[OK] button.

- Change the control mode to the AUTO
Click the control mode change button (*5) on the faceplate.
The "Change Control Mode" dialog is displayed. Click the [AUTO] button and then click the
[OK] button.

*,

Twee fo00 ) 4

Ho . I(em Data | lUnit futa Tuning ‘ Gridline Interval | Y-axis Scale ‘ -Im

1| Py 0.0

7 Wi 1 W Collected Tag List ‘ Export to CSY File | Al

3 3WEC . 2010/09/07 18:13:48

4 5 10.0 WW - Gl.'lar.lge o Mnde” §

5w i ravGare

] L 0.0 % v iy NORMAL TAG STOP

i PH 20.0 i

a L 0.0 | SMULATION

9 HH 20.0 OVERRIDE

10 LL 0.0

1 SH 20.0 I’T‘ Cancel |

12 3L 0.0

Change Control Mode

o

Basic |All ‘

[Process Yariahle
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(7) Adjusting PID loop

Change SV on the faceplate, and monitor the PV/SV/MV condition on the tuning trend.
Also, adjust the target tracking performance of PV corresponding to SV with changing P/I/D
constant on the tag monitor.

« Change SV
Click the [SV] button (*6) on the faceplate.
The "Change Current Value" dialog is displayed. Enter the value to be changed and click the
[Set] button.

- Change PID parameters
Click the [Data] cell of the tag data items to be changed on the tag monitor.
Clicking ... to the right of the cell displays the "Change Current Value". Enter the values to
be changed and click the [Set] button.

Tuning ~ FIGO01 — -
No. | Item Data Unit huto Tuning ‘ Gridline Interval | f-axis Scale ‘
; ;x ;:E 7 Collected Taz List ‘ Export to CSY File | Ficoo1
3 | sve 2010/09/07 18:20:57
4] 8 15.0 & | ] Collecting...
5 | w 100.0 % liv S iCarrant] | 15.0
B | ML 0.0 % 5.0 % Bl | o I
] e 20.0
8 | FL %.D
g ow ¥l
10| LL 0.0
1| A 20.0 ; [SVI-IFIC001]
17 [ 5L Item MName
G T
14| 1 —

Set Value

Basic |All

I[Prncess Yariable
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(8) Auto tuning (adjust automatically PID parameters to optimal values with step response

method)

- Change the control mode to MANUAL
Click the control mode change button on the faceplate.
The "Change 1/0 Mode" dialog is displayed. Click the [MANUAL] button and then click the
[OK] button.

- Start tuning

Click the [Auto Tuning] button on the "Tuning" window.
The "Auto Tuning" dialog is displayed. Enter '10.0' to "Step Manipulated Variable" and then
click the [Start] button.

.

 Tunine - FIcoo1
Ho Itenm
1 P
@ L
3 VG
4 gy
5 HH
i WL
7 PH
8 PL
4 HH
10 LL
11 5H
12 8L
13 F
14 I
15

Data | Unit

=1

15.
75.

=
L

15.
10
0
i}
0.
20.
0
i}
0.
IDD ...........
10.0's
0.0s

o olooooooo

Auto Tuning

Gridline Interval

Y-anis Scale

Collected Tag List

Export to C8Y File

Parameter Settings
Step Manipulated Yariable
Sampling Period

Time-out Period

Time-out Period After Maximum Slope

Execute Auto Tuning (Step Response method) — FIG001

Please click the Start button to start Auto Tuning

|

%(-1000 to 1000} I
= (000 to 939900

s (00 to 999300)
5 (00 to 990300}

by measuring the change of

This method outputs a step chiangs of MY, then calculates the best PID parameters

Maximum Slope

Step Manipulated Varisble

Basic

Gain

4 Time-out Period After Masimum Slope '
AV S

< Back Start>

Close

FIC001
J 20.0
110.0
10.0
50.0
0.0
-10.0
Close

it US‘.B “lln

5.0 X

15.0
100.0 %
n.0 x

It Auto Tuning

Gol loctad Tag List |

| aridiine Interval |

Exporl to 08¢ Fila |

Y-axiz Gcals

Ficoo1

Slabuy

2010/09/00 19:22:14

Statuz nf Autn Tuning ~FICH01

15.0

Method Step Recponse method

| Basic [A11

Frocess Variable

I Futo Turing
Hlarm
[ ftop/Feset Alarm |
Pl peramaters
e Curment Vahs

GainlF) 1 i)

Witegral Timn{T} 100 T8

Derivartior: Timel D) (] 1] Boeken

< Back Qes |
— o b |
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After a while, the display of "Auto Tuning..." is turned off (grayed out). Click the [Close] button on

the "Auto Tuning" dialog and close the dialog.

After completing the auto tuning, the display of "Auto Tuning..."is turned off, refreshes PID

constants automatically.

Tuning - FICOO1

futo Tunine 1

Gridline Interval

f-axis Scale

Collected Tag List ‘

Export to CSY File

FlCo01

Ho. Tten Data Unit

1T 18D

2 75.0 %

3

4| s 15.0

5| e 100.0 %

Bl 0.0 %

7| e 0.0

8| rL 0.0

8 | e 20.0

10| L 0.0

11| sH 20.0

12 L 0.0
P 1.54

Basic |All |

Process VYariahle

2010/08/08 19:23:15

15.0
15.0
765.0 K

Collecting. ..

Clear| Stop ‘

0.0
-10.0

0.0

PV
[ sv |
v |

15.0

15.0

750 %

MANUAL

2PIDH

Glose

Change control mode to [AUTO] and monitor the PV/SV/MV condition on the tuning trend.

Check the target tracking performance of PV corresponding to SV after auto tuning.

Tuning - FICOO1

I Data

lnit

Basic |All |

Process VYariahle

Auto Tuning |

Gridline Interval

f-axis Scale

Collected Tag List ‘

Export to CSY File

|

2010/08/08 19:31:33

17.0
17.0
85.0 K

Collecting. ..

Clear Stop

FlCo01
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2.2Programming Procedure of User-defined FB

The user-created FB type can be defined in the programming tool.
The programming man-hour of FBD can be shortened by defining the processing used frequently in

the program as use-defined FBs in advance.

2.2.1 Structure of user-defined FB

User-defined FB is composed of such as previously-prepared function parts, FB parts (tag access FB

excluded).

(Note) The user-defined FB cannot be pasted to the definition window of the FB (it should not be

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

i= MELSOFT Series PX Developer Programming Tool c¥MELSEG¥Fbdg¥MyProject¥Equipment A¥Equipment_A fpj — [[FB Typel WORD TO_REAL {Edit . rllﬁl&l

pasted on itself).

2.2.2 Programming procedure of user-defined FB

The following shows a programming procedure of user-defined FB which converts WORD type to
REAL type as an example.

1) Right-click [FB Type] under [User-defined] on the Project window and click [Add New FB Type...].
(Following figure *1)

2) Enter 'Convert WORD to REAL' in the New Name on the Add New FB Type window (Following
figure *2). Comment is optional.
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: ;.,4 G¥ Developer Label fiesiegfnent [ L 0. o oo L Bodetin Bodiiih Boditii haditi &5 BT 70 STRNG
[ Program BT LT Mbms hane BT MR R hne st j A ro.vor
I Useredetivied  of W ©onn snhi SR SR mhe Egha sy el e el i o | reA TO DT
Eerngy B R peAl SRAD SR DR LR LGE b 2 [Brearomr
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5) Drag and drop variable parts from the Parts window (following figure *5), enter 'WORD_IN' (any
name can be entered) in the variable name "???", and then press the [Enter] key. The Variable
Reference dialog is displayed. Click '¥| to the right of the Variable Type and select "Input
Variable". (Following figure *6)

Then click to the right of Data Type and select "WORD" (following figure *7)

- MELSOFT Series PX Developer Programming Tool c:¥MEL SEG¥Fbdg¥MyProject¥Equipment A¥Equipment A fpj — [[FB Type] WORD TO REAL (Edit

0= 1o

[T = Sieris==

Add New FB Type x|

Mo Mame
WORD TO_REAL|
Comment
|

oK Cancel

\
— *1
*2

3) Double click [FB Type] under [User-defined] on the Project window, double click "Convert WORD
to REAL" (Figure*3 in the next page)

4) User-defined FB "Convert WORD to REAL" sheet is displayed. Drag and drop WORD_TO_INT

(WORD — INT Conversion), INT_TO_REAL (INT — REAL Conversion) under [Function] - [Type
Conversion] on the Parts window (Figure*4 in the next page)
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<+« Selecting "input variable" as a variable part type displays input pin on the user-defined FB.
In this example, input pin whose name is "WORD_IN" is created.

6) Create variable with data type "REAL", variable name "REAL_OUT" (any hame can be entered),
variable type "Output Variable" with the same procedure as shown above. (Figure*8 in the next
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.-« Selecting output variable as a variable part type displays output pin on the user-defined 9) Connect WORD type variable and REAL type variable. I
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8) "Convert WORD to REAL" is displayed on the Parts window by clicking [Equipment A] —
[User-defined FB Type] (Figure*10 in the next page). To use created user-defined FB, drag and
drop them on a sheet. (Figure*11 in the next page)

Set a variable name. (Figure*12 in the next page)
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2.3 Programming Procedure of User-defined Tag FB

User-defined tag FB sheet (FB name: PID with first order lag) A

In Section 2.1, a procedure of creating loop control programs with 2-degree-of-freedom advanced

PID control is explained.
Creating user original PID control FB enables to execute different control from PID control FBs

which are equipped as standard. User-created PID control FB is expressed user-defined tag FB.
This section explains a procedure of user-defined tag FB creation.

2.3.1 Structure of user-defined tag FB

(1) Basic creation of user-defined tag FB is to add 1 data structure (tag data memory structure
corresponding to tag types such as velocity type PID, 2-degree-of-freedom PID) which
user-defined tag FB to be created accesses and paste the following 5 tag access FBs to a
user-defined tag FB sheet. Adding user created processing (such as square root, lead-lag, and
function generator) completes user created PID control FB.

1) Analog input processing (P_IN)

2) High/low limit alarm check (P_PHPL)

3) Such as Velocity type PID control (P_PID)

4) Such as Output processing-1 with mode switching (P_OUT1)

5) Control mode change (P_MCHG) User created operation processing
(lead-lag operation as an example)
is added.

4)

4

\ \ !

Tag access FBs 1) to ‘5) execute the processing with
accessing tag data memory (reads/writes data).

\

Registering tags with user-defined
tag FB name (LIC100 as an
- PV
example) creates user original PID S d
control FB V Tag data memory
' MV 130 words / tag
(Tag type: PID)
RH
RL
P
I
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(2) Tag access FB is a FB which executes operation processing with accessing (reads/writes data)
tag data memory assigned to user-defined tag FB and can be pasted to a user-defined tag FB
sheet only. Tag access FB cannot be pasted to a program sheet or user-defined FB sheet
(different from user-defined tag FB sheet, user-defined FB does not have tag data memory).

The followings are the type of tag access FBs.

« Loop control operation FB
Operation FB for loop control such as Velocity type PID control (P_PID),
2-degree-of-freedom PID control (P_2PID), Ratio control (P_R), High/low limit alarm check
(P_PHPL).

« 1/O control FB
FB for I/O processing such as Analog input processing (P_IN), Pulse integration (P_PSUM),
Output processing-1 with mode switching (P_OUT1), Manual output (P_MOUT).

 Special FB
Control mode change (P_MCHG)

(3) All FBs, which include tag access FB, function part, variable parts, constant parts and comment
parts, can be pasted to a user-defined tag FB sheet.
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2.3.2 Programming procedure of user-defined tag FB "PID_WITH_FIRST_ORDER_LAG" (Figure*3 in the next page)
_ _ _ 4) User-defined tag FB "PID_WITH_FIRST_ORDER_LAG" sheet is displayed. Drag and drop P_IN
The followmg explains a programming procedure of PID_WITH_FIRST _ORDER_LAG as (Analog input processing), P_OUT1 (Output processing-1 with mode switching) under
user-defined tag FB. [Manufacturer FB Type] — [I/O Control Operation FB (Tag access)] on the Parts window.
1) Right-click [User-defined] — [Tag FB Type] on the Project window, and click [Add New Tag FB Enter "IN (any word can be entered) in the FB name of P_IN "?22?", press the [Enter]. The
Type...] (Following figure *1) _ Variable Reference dialog is displayed. Click the [OK] button.
2) Enter 'PID_WITH_FIRST_ORDER_LAG' in the New Name on the Add New Tag FB Type Enter 'OUT1' (any word can be entered) in the FB name of P_OUT1 "???" with same procedure
window (following figure *2). Click =/ to the right of Tag Type and select "PID". Comment is as shown above. (Following figure *4)
optional.
+++ As an example, user-defined tag '_:B name is _"PlD—W|TH—F|RST—ORDER—LAG"’ and 5) Drag and drop P_PHPL (High/low limit alarm check), P_PID (Velocity type PID control) under
tag data memory type for user-defined tag FB is "PID"(PID type). [Manufacturer FB Type] — [Loop control operation FB (Tag access)], and drag and drop

P_MCHG (Control mode change) under [Manufacturer FB Type] — [Special FB (Tag access)] on
the Parts window. Enter 'PHPL' in the FB name of P_PHPL "???", 'PID' in FB name P_PID "??7?",

[ MELSOFT Series PX Developer Programming Tool c:¥MELSEC¥Fbdq¥MyProject¥Equipment_A¥Equipment_A fpj — [[Program] PROGRAM1 (Edit Maode)] =19
P2 Project Edit Wiew Disgram Convert Online Diagnostics Tool Window Help B

[ rds:===|2-2 = [[iw zjaac]|freEoeE || «|ass . s noymyo R K
Err— - | O MCHG' in FB name of P_MCHG "???". (Following figure *5)
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««+ Basic 5 FBs (tag access FB) which compose a user created PID control are pasted as
shown above. The following explains a user created operation processing (first order
lag as an example).

6) Drag and drop P_LLAG (Lead-Lag) under [Manufacturer FB Type] — [Control Operation FB] on
the Parts window. Enter 'LLAG' in the FB name of P_LLAG "???". (Following figure *6)

Tmﬁrmect Edit  Wiew Diagram Gonvert Online Diaenostice Tool Window Help

7

| DEHE| ¢ ||| 8| 2|
o S
Equipment_A
Project Parameter
% Module FB

- Tae FE
3 Global Wariable
1o GX Developer Label fs:
=423 Program
- Of% PROGRAM]
12453 User-defined

T mE FB Typs
| B4 Tae FB Type T G I S T B T

G Developer Project

S

; W e
Lo P - PVP[—-- |1
; i

i| il

| || | S

© CHPPDWTHFIRST( [ 00l b o
i (3 Structure Type e e Ee hEﬂO—
E Proeram Execution Sett i e ReRe Mewn R

PHPL -

--u—P\uEPTPI—F\}POI—l --—F‘VE’PR‘VD . -—M\IEDOUHLIN
i — R e b=

LA

i R e S

%%, @ EE
- =5

Bistable FB
Edee Detection FB
Gounter FB
Timer FB
Communication Gontrol FB
Gorrection Operation FB (Ge .
Arithmetic Operation FB (Ge ..
Comparizon Operation FB (G

R
=T
iro
lroero
Llrreo
i )

R T
£ TR
heanm

O AT Y o

| Equipment_& i Ma"UfaCW%FB Type  Function with ENJEND pins I Function

140 Gontral Operation FE (Ta...
Loop Gontral Operation FB (T..

& I 3| =3 MNen Sheet [ Local Variable |

Special FB (Tag Access)

Gontrol Operation FB (Gener

x

2oz =] e lmse|| @ aaa

12PH [Host station [Edit INOM A

2 - 44

Then click

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK MELSEC-Q
]| -

Drag and drop a variable part from Parts window (following figure *7), enter 'PVN' in the variable
name "??7?" (any name can be entered), and then press the [Enter] key. The Variable Reference
dialog is displayed. Click [*| to the right of Variable Type and select "Input Variable". (Following
figure *8)

to the right of Data Type and select "REAL". (Following figure *9
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.+« An input variable of the user-defined tag FB is created in 7). Selecting input variable as
a variable part type displays an input pin on the user-defined tag FB. In this example,
the input pin whose name is "PVN" and data type is REAL (single precision floating
decimal) is created.

8) Paste the following variables with the same procedure as shown above. (Following figure *10)

- Variable name "CASIN"
Variable Type: Input Variable, Data Type: REAL, Definition: cascade input from primary loop
in the cascade connection of PID.

- Variable name "MVN"
Variable Type: Output Variable, Data Type: REAL, Definition: output value of PID operation
(manipulated variable MV) and indicates DA conversion value (such as 0 to 4000, 0 to 8000)
to analog output module.

- Variable name "CASOUT"
Variable Type: Output Variable, Data Type: REAL, Definition: output value (% value of
manipulated variable MV) to secondary loop in the cascade connection of PID (without
tracking).

- Variable name "CASOUT _T"
Variable Type: Output Variable, Data Type: ADR_REAL (indirect address to REAL type
variable), Definition: output value (memory address in which this value is stored, not % value
of manipulated variable MV) to secondary loop in the cascade connection of PID (with
tracking)

2 CREATING LOOP CONTROL PROGRAMS AND OPERATION CHECK

9) Paste the following variables. (Following figure *11)
«Variable name "MODEIN"

Variable Type: Public Variable, Data Type: INT, Definition: Mode change signal to P_MCHG

(Change control mode FB). Control mode - 1: MANUAL, 2: AUTO, 3: CASCADE, 4:

COMPUTER MV, 5: COMPUTER SV, 6: CASCADE DIRECT

«Variable name "E"

Variable Type: Public Variable, Data Type: BOOL Definition: Control mode change request

(TRUE: Execute, FALSE: Stop) to P_MCHG (Change control mode FB)

-+« Public variable is a variable which is inside of a FB and can also be accessed
(read/written data) by any FBs other than the FB. (Internal variable cannot be accessed
by any FBs other than the FB).

Furthermore, selecting public variable as variable type displays public variable on the
property window of user-defined tag FB (or user-defined FB) and enables to input an
initial value.

Do not define the public variable as input pin (input variable) or output pin (output
variable), use as a parameter which can be accessed by outside of the user-defined tag
FB.

*11

*10

]
C

]
)

C )
C )

««+ Selecting output variable as a variable part type displays the output pins on the
user-defined tag FB. In this example, output pins whose names are "MVN", "CASOUT",
"CASOUT_T" are created.

2 - 46

10) Connect each variable and FB with connector (following figure *11).
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11) Drag and drop 2 variable parts from the Parts window, enter 'IN_NMAX' in the variable name FB property window of “LIC100” Substance of User-defined tag FB
222" on the left side, and press the [Enter] key. The Variable Reference dialog is displayed. Click (State of being pasted to a program sheet)

= | to the right of Variable Type and select "Public Variable". Then click .. to the right of Data
Type and select "REAL". Enter 'Analog input high limit' in the Comment.

Enter 'IN.NMAX' in the variable name "??7?" on the right side, and press the [Enter] key.

Connect variable "IN_NMAX" and "IN.NMAX" with connector (following figure *12).

FE MELSOFT Series PX Developer Programming Tool c¥MELSECYFbdg¥MyProject¥Equipment A¥Equipment A fpj — [[Taz FB Type(PID)] PID WITH FIRST OR... E]@ k J
Zﬂ Project  Edit  View Diagram Conwert Online Disenostice Tool Window Help -8 x

|ocEsm@a(mae)[r— I disz===|2-2- =] «[e@es|~ Jaaa

[Frofeat [ B

o o [ % .

= P% Equipment_A EEREN 8 B S eI R RO
% Project Parameter : 2 < i 3 8 R o
L o —Pe N nwAx ——E NNwAX =

" (R |

Applicable to set public variable NMAX of

ey P_IN in User-defined tag FB

Global Variable | (PID_WITH_FIRST_ORDER_LAG) as
LIC100 property IN_NMAX.

i Global Variable
oy GH Developer Label Assie
=424 Program
"BE PROGRAMI
=142 User-defined
=-{Z3 FB Tvpe
=424 Tae FB Tvpe
&} PID_WITH_FIRST.C
L Structure Tvpe
=] Proeram Execution Settin
8] G¥ Developer Project

The name entered in Comment when
( ) < 7 creating "IN_NMAX" is displayed.

H P IN
;B_"'Fm PVN ___‘PVN_ PVP_L‘:IRNED ouT PVPT

12) Create a substitution program to display public variables on the property window of user-defined
tag FB substance as shown below (the same procedure as 11)).

b4
5
(0]
o
-
[ Equipment A Marufacturer FB Type [Functinn with EM/END pins f Function

£ | 3
<> New Sheet Local Wariable
Feady [B#] [C12PH [Host station [Edit | [NUM |

User-defined FB Tyvpe

.+« This procedure explains the processing of substituting public variable "IN_NMAX" of
user-defined tag FB to NMAX value (Analog input high limit) which is public
variable(operation constant) of P_IN (FB name is IN in analog PV processing FB)
(Refer to the next page)
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Variable Name Variable Type Data Type Comment 13) Double-click [Tag FB] on the Project window to display the "Tag FB Declaration" window
IN_NMAX Public Variable REAL Analog input high limit (following figure *13). Enter a name of the user-defined tag FB substance in a Tag FB Variable
IN.NMAX (Internal Variable) | (REAL) Name cell (enter "LIC100" as an example).

IN_NMIN Public Variable REAL Analog input low limit Click .. to the right of the "Tag FB Type" cell, select the <<Tag FB (User-defined)>> tab on the
IN.NMIN (Internal Variable) | (REAL) Select Data Type dialog, select “PID_WITH_FIRST_ORDER_LAG” as data type, and then click
IN_HH Public Variable REAL Analog input high limit range error the [OK] button.

IN.HH (Internal Variable) | (REAL) Now, the User-defined tag FB can be used as a part.

IN_H Public Variable REAL Analog input high limit range error reset

IN.H (Internal Variable) | (REAL) *13

IN_LL Public Variable REAL Analog input low limit range error PSS ———— SO AaGE
IN.LL (Internal Variable) | (REAL) Geryert OnliveDisgnastios Tool Wincbin _telp EEE
IN_L Public Variable REAL Analog input low limit range error reset “ | Mesimam No.of Tags (10 480 [0 ol ]

IN.L (Internal Variable) | (REAL) - _ vm A Ho. ; e e e =

PID_MTD Public Variable REAL Derivative gain @iﬂimﬁ EE [P P e £ i
PID.MTD (internal Variable) | (REAL) A e
PID_DVLS Public Variable REAL Large deviation alarm hysteresis I I O i ol et [T e
PID.DVLS (Internal Variable) | (REAL) o EE E

PID_PN Public Variable INT Reverse action/direct action o T U

PID.PN (Internal Variable) | (INT) in E:tgg ;
PID_SVPTN BO | Public Variable BOOL Setting value (SV) used 1 L £

PID.SVPTN_BO | (Internal Variable) | (BOOL) o [EFies :

OUT1 NMAX Public Variable REAL Analog output conversion high limit o lid s ;

OUT1.NMAX (Internal Variable) | (REAL) oL L 5

OUT1 NMIN Public Variable REAL Analog output conversion low limit i L §

OUT1.NMIN (Inte_rnal V_ariable) (REAL) _ 2 o ml i

LLAG T1 Public Variable REAL Lag time L2 :;:tgg LI = : —

LLAG.T1 (Internal Variable) | (REAL) DZ:;“W & » i

LLAG_T2 Public Variable REAL Lead time x : b -

LLAG.T2 (Internal Variable) | (REAL) T

SIMIN Public Variable REAL Simulation input

IN.SIMIN (Internal Variable) | (REAL)

OUT1.SIMOUT (Internal Variable) | (REAL)

SIMOUT Public Variable REAL Simulation output

To create "FB name.XXX" such as "IN.NMAX" and "PID.MTD", enter such as 'IN.NMAX"' and
‘PID.MTD’ in the variable name, and press the [Enter] key. (The Variable Reference dialog is not
displayed.)
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14) When using the User-defined tag FBs in a program, drag and drop the substance of user-defined
tag FB "LIC100" which registered in 13) on a sheet from the Tag FB area of the Parts window.
(Following figure *14).

*14

E: MELSOFT Series PX Developer Programming Tool c:¥MELSEC¥Fbdg¥MyProject¥Equipment A¥Equipment_A fpj — [[Proeram] PROGRAM1 (Edit Mode)] QE} 5 ]
DE; Project Edit Miew Diagram Gonwvert Online  Diaenostics  Tool Window Help -

[Ded|smaoc nae]|fx deaal]l ez EF & 22

o
x

| - —
ok 53 B R W : % ", M@ @
EBEwprentd W[ i s g

.| Project Parameter i wan D Dl DR D D DLEOs e Rl wilel BAel DAl BiEel Dl Diel Bin
gl Module FE P

i B e aae & p fI0WITH FIRST ORDER LAG.

%] Global Varisble 1 | ——— = CASIN CASOUT

|>

Module FEB
Tae FB
2l Ficoo

elzy GX Developer Label Ass '
=423 Proeram 3 VIAEL BARADL BoRAe BaRADh AORABe BeBihh Aobe BeBABi Aot BeRitii Aot BeRitii Aot BeRShi homtel eeis
P2 PROGRAMI P

i+ [2 User-defined cR Getan nen el EED DR SRl DT DD SR ST DD Dol e DM B
Mo b PSR A

fom Tl vae (]| [ 0o

AT FALSE L Ll

GAST FALSE P iy iyl e S G S G gueE gee S e
GMyT TRUE :

CEVI TRUE b } RESL i il sl o pie o HEE R ol
ATl FALSE

ORI FALSE L SDS NS Gonml RO RN RN BTN GO BTN BTN BN ROTNS BN GRS R
SIMI FALSE i S L RS hodie, R hod Bt d kit fs EoRit Eeait G hoais
S AeE R s gomes M Mones NGURS WURRS NGUAS MURES NGTAS MRS AUGAS MUES MGG MRS 4G L
MHE FALSE =5 & & 5 5 & 5 3 & 3 8 & 5 5 F
oV FALSE Ere ot i i SRS SR SRS S St SOAS M S B S B S

DPMI FALSE wen i dbRE Shen aUhe G e Dan PR Dl R iDuE ibab hen DR b
DPPIL FALSE A
ol T e

PHI FALSE '

L FAISE = il G Gl G G G BT G b Gl ol G phed Gl oind ol
Data Tvpe INT ER L — ¢ ,
=3 New Sheet l@ Local Variablej

f Equipment A Manutfacturer FB Type [ Function with ENEND pine l Function H

> Gilobal Variable
= Uszer-defined FB Type
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3 PROGRAM/FB EXAMPLES IN PX Developer
This section describes the practical program examples (include user-defined FB/user-defined Tag

FB) with FBD of PX Developer.

3.1 List of Programs

[ 3.2 Program Examples (common processing) ]

No. Item Description

3.2.1 | PID simulation loopback The examples of PID simulation user-defined FB.

3.2.2 | Control mode change The examples of control mode change (MAN_AUTO)
(MAN_AUTO) user-defined FB.

3.2.3 | Control mode change The examples of control mode change (MAN_AUTO_CAS)
(MAN_AUTO_CAS) user-defined FB.

3.2.4 | Control mode change The examples of control mode change
(MAN_AUTO_CAS CMV_CSV) | (MAN_AUTO_CAS_CMV_CSV) user-defined FB.

3.2.5 | Disabling control mode change | The examples of disabling control mode change (MAN, AUTO,

CAS, CMV, CSV) to specified mode.

3.2.6 | Sensor error loop stop The examples of executing the loop stop and switching the
control mode to MANUAL automatically when a sensor error
occurs.

3.2.7 | Count value to The examples of user-defined FB which converts a count

analog instantaneous value current value to an analog instantaneous value.

3.2.8 | Count difference value The examples of user-defined FB which converts an
(QD60P8-G) to every-second count difference value to be input from a pulse
analog instantaneous value input module QD60P8-G to an analog instantaneous value.

3.2.9 | Sensor burnout preset The examples of considering a process variable as an regular

value when a sensor burnout occurs

3.2.10 | Writing MV, SV from upper | The examples of writing MV, SV to a tag in CMV mode or CSV
computer mode.

3.2.11 | REAL type xN times to The examples of user-defined FB which multiplies real type
INT type conversion data by N (10, 100, ...) and then converts it to integer.

3.2.12 | WORD type to The examples of user-defined FB which converts word output
REAL type conversion data such as CC-Link module FB to real type which is a data

type of loop control input.
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[ 3.3 Program Examples (loop control related) ]

No.

Item

Description

33.1

Cascade control

The examples of Cascade control.

3.3.2

Selection control
(input high selector)

The examples of Selection control (input high selector).

3.3.3

Ratio control

The examples of ratio control with Pulse Factor Controller.

3.34

Output override
(low selector)

The examples of output overrides (low selector) control with Loop
selector.

3.35

Process variable tracking
(when upper is not loop

tag)

The examples of process variable tracking when upper is not loop
tag.

3.3.6

Process variable tracking
(In MAN mode switching)

The examples of process variable tracking in MAN mode switching.

3.3.7

Heating-cooling  program
control

The examples of split control and program control for heating/
cooling.

3.3.8

Cross limit control

The examples of a control which improves combustion efficiency with
executing appropriate air fuel ratio control at such as a combustion
furnace.

3.3.9

Temperature correction
(with square root)

The examples of temperature correction with square root process.

3.3.10

Pressure correction
(with square root)

The examples of pressure correction with square root process.

3.3.11

Temperature/pressure
correction
(with square root)

The examples of temperature/pressure correction with square root
process.

3.3.12

First order lag dead time

The examples of first order lag + dead time processing.

3.3.13

Dead time compensation

The examples of user-defined FB which executes (1—e-LS) / (1 +
TS) processing.

3.3.14

20UT OF 3

The examples of user-defined FB in case of one sensor out of three
failures, imports normal value with the other two sensors.

3.3.15

Deviation variable gain
PID

The examples of user-defined tag FB which has deviation input and
broken line correction.

[ 3.4 Program Examples (digital/sequence control related) ]

No.

Item

Description

34.1

Single solenoid

The examples of opening and closing of single solenoid valve

3.4.2

Double solenoid

The examples of opening and closing of double solenoid valve

3 PROGRAM/FB EXAMPLES WITH PX Developer

3.2 Program examples (common processing)
3.2.1 PID simulation loopback

«Return output of a Tag FB to input and executes loop simulation.
Function | « For details of user-defined FB (PID_RETURN) used in this example, refer to (2) in this
section.

(1) Program example

1) When input conversion high/low limit and output conversion high/low limit of tag FB are same

2) When input conversion high/low limit and output conversion high/low limit of tag FB are different

« When input conversion high/low limit of input variable PVN and output conversion high/low
limit of output variable MVN of Tag FB (TIC018) are different.
Convert the range (output conversion high/low limit range of MVN) whose tag name
is .SIMOUT to the range (input conversion high/low limit range of input variable PVN) whose
tag name is .SIMIN with the inverse engineering unit conversion (P_IENG) and engineering
unit conversion (P ENG).

Point
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3)When input conversion high/low limit and output conversion high/low limit of primary, secondary (2) Example of user-defined FB
tag FBs are different in the cascade control 1) PID simulation loopback User-defined FB (PID_RETURN)
« When input conversion high/low limit of input variable PVN and output conversion high/low | Point | + Execute first order lag and dead time processing and output the return data for simulation.
limit of output variable MVN of primary, secondary loop tags are different in the cascade
control.
Point Convert the range (output conversion high/low limit range of MVN) whose tag name

is .SIMOUT to the range (input conversion high/low limit range of input variable PVN) whose
tag name is .SIMIN with the inverse engineering unit conversion (P_IENG) and engineering
unit conversion (P_ENG).

Pin | Variable name | Variable type | Data type Contents
Input | SIM IN Input variable REAL Input first order lag, dead time for simulation
Output | SIM_ OUT Output variable | REAL Output first order lag, dead time for simulation

3.2.2 Control mode change (MAN_AUTO)
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Function

« Execute mode change (MAN, AUTO) for motor irreversible operation (M_NREV).
« For details of user-defined FB (MCHG_M_A) used in this example, refer to (2) in this
section.

(1) Program example

1) Control mode change (MAN_AUTO)

3 PROGRAM/FB EXAMPLES WITH PX Developer

(2) Example of user-defined FB
1) Control mode change (MAN_AUTO) User-defined FB (MCHG_M_A)

- Switching the signal for MAN from FALSE to TRUE changes the control mode to MAN

. mode.
Point « Switching the signal for AUTO from FALSE to TRUE changes the control mode to
AUTO mode.

Pin | Variable name | Variable type | Data type Contents
Input MAN Input variable BOOL TRUE: MAN mode
Input | AUTO Input variable BOOL TRUE: AUTO mode
Output [ MODE_IN Output variable | INT Control mode (1: MAN, 2: AUT)
Output | MODE E Output variable | BOOL Change request (TRUE: Execute)

3 -1
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3.2.3 Control mode change (MAN_AUTO_CAS)

Function

- Execute mode change (MAN, AUTO, CAS) of 2-degree-of-freedom advanced PID

control (M_2PIDH_T_).

« For details of user-defined FB (MCHG_M_A C) used in this example, refer to (2) in this

section.

(1) Program example

1) Control mode change (MAN_AUTO_CAS)

(2) Example of user-defined FB

3 PROGRAM/FB EXAMPLES WITH PX Developer

1) Control mode change (MAN_AUTO_CAS) User-defined FB (MCHG_M_A _C)

Point

mode.

mode.

« Switching the signal for MAN from FALSE to TRUE changes the control mode to MAN

« Switching the signal for AUTO from FALSE to TRUE changes the control mode to
AUTO mode.
« Switching the signal for CAS from FALSE to TRUE changes the control mode to CAS

Pin Variable name | Variable type | Data type Contents
Input MAN Input variable BOOL TRUE: MAN mode
Input AUTO Input variable BOOL TRUE: AUTO mode
Input CAS Input variable BOOL TRUE: CAS mode
Output | MODE_IN Output variable | INT Control mode (1:MAN, 2:AUT, 3:CAS)
Output | MODE E Output variable | BOOL Change request (TRUE: Execute)
3-9
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3 PROGRAM/FB EXAMPLES WITH PX Developer

(2) Example of user-defined FB

3.2.4 Control mode change (MAN_AUTO_CAS_CMV_CSV) 1) Control mode change (MAN_AUTO CAS CMV_CSV) User-defined FB (MCHG M A C CSV_CMV)

« Switching signal for MAN from FALSE to TRUE changes the control mode to MAN mode.
« Switching signal for AUTO from FALSE to TRUE changes the control mode to AUTO
. mode.

Point 1, syitching signal for CAS from FALSE to TRUE changes the control mode to CAS mode.
« Switching signal for CMV from FALSE to TRUE changes the control mode to CMV mode.
- Switching signal for CSV from FALSE to TRUE changes the control mode to CSV mode.

(1) Program example

- Execute mode change (MAN, AUTO, CAS, CMV, CSV) of 2-degree-of-freedom
advanced PID control (M_2PIDH_T ).

Function | | For details of user-defined FB (MCHG_M_A_C_CSV_CMYV) used in this example, refer
to (2) in this section.

1) Control mode change (MAN_AUTO_CAS _CMV_CSV)

3-10

Pin Variable name | Variable type Data type Contents
Input | MAN Input variable BOOL TRUE: MAN mode
Input | AUTO Input variable BOOL TRUE: AUTO mode
Input | CAS Input variable BOOL TRUE: CAS mode
Input | CMV Input variable BOOL TRUE: CMV mode
Input | CSV Input variable BOOL TRUE: CSV mode
Output | MODE_IN Output variable | INT Control mode (1:MAN, 2:AUT, 3:CAS, 4: CMV,
5: CSV)
Output | MODE_E Output variable | BOOL Change request (TRUE: Execute)

3 - 11
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3.2.5 Disabling control mode change

(1) Program example

MELSEC-Q

Function

- Disable control mode change (MAN, AUTO, CAS, CMV, CSV) of 2-degree-of-freedom

advanced PID control (M_2PIDH_T_) to specified mode.

1) Disabling control mode change parameter

Set the disable mode change item of corresponding loop tag memory to TRUE to disable control mode

change.
MDIH disable
mode change Contents
item
MANI Set to disable the change to MANUAL mode.
AUTI Set to disable the change to AUTO mode
CASI Set to disable the change to CASCADE mode
CMmVI Set to disable the change to COMPUTER MV mode (The mode of manual operation
with upper computer)
CSVI Set to disable the change to COMPUTER SV mode (The mode for automatic
operation with upper computer)

2) Program example to disable the change to AUTO mode

3-12
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3.2.6 Sensor error loop stop

Function

- Execute loop stop by sensor error and loop stop cancel.

(1) Program example

Point

« When sensor error (tag hame.SEA) is occurred by such as sensor malfunction, executing
stop alarm by programming (tag name.SPA is TRUE) stops the loop processing
automatically.

- Executing loop stop alarm (tag name.SPA is TRUE) switches the control mode to MANUAL
mode automatically. The alarm of sensor error (SEA) is also cancelled automatically.

« Cancelling loop stop alarm (SPA) is as follows. (Clearing sensor error does not cancel loop
stop alarm automatically.)

(@)

(b)

Cancel with user program: Cancels the stop alarm by switching tag name.SPA to
FALSE with such as a program example of sensor loop stop cancel processing as
shown below.

Cancel with faceplate of PX Developer monitor tool: Cancels the stop alarm by
pressing the loop stop alarm (SPA) display button (displayed by executing loop stop
alarm (SPA)) on faceplate.

3-13
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3.2.7 Count value to analog instantaneous value

Function

« Convert count current value to analog instantaneous value.
» For details of user-defined FB (DA CHG) used in this example, refer to (2) in this section.

(1) Program example

Point

- Execution interval which uses this user-defined FB should be set to 1000ms in the
program execution setting. (Set the timer execution for the execution type, normal-speed
or low-speed for the type of execution interval, 1000ms for interval in the program
execution setting. In addition, set to 1000ms for the interval of normal-speed or low-speed
in the program execution setting of project parameter.)

3 - 14
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(2) Example of user-defined FB
1) Count value to analog instantaneous value User-defined FB (DA_CHG)

- Inputting count current value outputs the analog instantaneous value. The range of

Point instantaneous value can be selected from /sec, /min, /hr, and inputs corresponding
value to the instantaneous value range input pin.
Pin Variable name Variable type | Data type Contents
Input | CNT_IN Input variable DINT Current value of counter
Input | CNT_HIGH_LIMIT | Input variable DINT Counter high limit (high limit of a revolution of
counter)
Input [ CNT_LOW_LIMIT | Input variable DINT Counter low limit (low limit after a revolution of
counter)
Input | ANALOG_RANGE | Input variable INT Analog instantaneous value range
(1: /sec, 2: /min, 3: /hr)
Input | CNT_MULTI Input variable REAL Pulse count multiplying factor
(weight per pulse count)
Output | ANALOG OUT Output variable | REAL Output the analog instantaneous value

3-15
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3.2.8 Count difference value (QD60P8-G) to analog instantaneous value

« Output analog instantaneous value from count difference value per second (the number of
sampling pulse when count cycle setting value is 1 second) which is input from

Function channel-isolated pulse input module (QD60P8-G)

« For details of user-defined FB (DA_CHG_DIF) used in this example, refer to (2) in this
section.

(1) Program example

- For count difference value, enter difference value per second.
Example: Enter the number of sampling pulse when setting the count cycle setting value to
1 second to the count difference value with channel-isolated pulse input module
(QD60P8-G).

Point

3-16
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(2) Example of user-defined FB
1) Count difference value (Per second) — Analog instantaneous value User-defined FB
(DA_CHG_DIF)

- Output analog instantaneous value from count difference value per second (for
example: the number of sampling pulse when count cycle setting value of
channel-isolated pulse input module QD60P8-G is 1 second) from count difference

Point value per second.
The range of instantaneous value can be selected from /sec, /min, /hr, and inputs
corresponding value to instantaneous value range input pin.
Pin Variable name Variable type | Data type Contents
Input [ CNT DIF IN Input variable INT Count difference value (per second)
Input [ ANALOG_RANGE | Input variable INT Analog instantaneous value range
(1 :/sec, 2 :/min, 3:/hr)
Input [ CNT_MULTI Input variable REAL Pulse count multiplying factor
(weight per pulse count)
Output | ANALOG OUT Output variable | REAL Output the analog instantaneous value

3 - 17
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3.2.9 Sensor burnout preset 3.2.10 Writing MV, SV FB from upper computer

« Write MV or SV to a tag FB in the control mode of CMV (COMPUTER MV) or CSV
(COMPUTER SV).

Function « Switch process variable to preset value and then output when a sensor burnout occurs Function

(1) Program example (1) Program example

Poi « The setting range of MV is -10 to 110.
oint « The setting range of SV is RL to RH.

3-18 3-19
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3.2.11 REAL type

X N times to INT type conversion

Function

« Multiplie real type data by N (10, 100, ..) and then convert it to integer type.
« For details of user-defined FB (REAL_N_INT) used in this example, refer to (2) in this
section.

(1) Program example

(2) Example of user-defined FB

1) REAL type x

N times to INT type conversion User-defined FB (REAL_N_INT)

« Output the result of multiplying REAL data input to input variable REAL_IN by REAL

Point . . . . .
data input to IN_MUL to output variable INT _OUT with converting to integer data.
Pin Variable name | Variable type | Data type Contents
Input | REAL IN Input variable REAL Input value
Input | IN. MUL Input variable REAL N times
Output | INT OUT Output variable [ INT Output value

3-20
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MELSEC-Q

3.2.12 WORD type to REAL type conversion

Function

«Convert WORD type data to REAL type.
(Used when inputting WORD output data of CC-Link module FB to loop tag FB)
« For details of user-defined FB (WORD_REAL) used in this example, refer to (2) in this
section.

(1) Program example

(2) Example of user-defined FB
@ WORD type to REAL type conversion User-defined FB (WORD_REAL)

« Convert WORD type data input to input variable WORD_IN to REAL type data, and

Point .
output to output variable REAL OUT.
Pin Variable name | Variable type | Data type Contents
Input | WORD IN Input variable WORD Input value
Output [ REAL OUT Output variable | REAL Output value
3 - 21
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3.3 Program Examples (loop control related)

3.3.1 Cascade control 3.3.2 Selection control (input high selector)

- Select the maximum value of multiple input values and output them as PV of the loop
control.

Function | - Execute the cascade control with loop tag FB .
Function

(1) Program example
(1) Program example

- Connecting cascade output (CASOUT_T) of primary loop and cascade input of
I Point - Find the maximum input value with high selector (P HS) of process function.

secondary loop (CASIN_T) enables the cascade control which has the tracking

Point function.
- When the control mode of secondary loop is AUTO, MANUAL, tracking with transferring

SV of secondary loop to MV of primary loop switches to bumpless.

Setting example of secondary side loop tracking in cascade connection
(With FB property page of 2-degree-of-freedom advanced PID control)

=] FB Property Page [FIC004] ﬁ.

Input | PID Operation  Castade | Qutput | Other |
Caseade Connection

Do not use as the secondary oo
@ Lse as the secondary lagp
¥ Enable 1o exeeute trackine

Use as the Secondary Loop

FIC MV

PV U
Secondary Loop Control i}

O Gancel
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3.3.3 Ratio control

| Function

- Execute the ratio control with loop tag FB.

(1) Program example

Point

- Control PV of tag (FIC002) to be the ratio of tag (FICO03) PV is preset value by inputting
the value which multiplies PV of tag (FIC002) by the ratio of Pulse Factor Controller
(R0O01) as SV of tag (FIC003)

3-24
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3.3.4 Output override (low selector)

Function

- Compare MVs of 2 PID loops, select the smaller MV with a Selector, and then execute
output override.

(1) Program example

Point

- Compare MVs of 2 PID loops, and output the smaller MV with Selector (M_SEL_T2).
- When the control mode of Selector (M_SEL_T2) is MAN, execute MV tracking to the PID
loop which is connected to CASIN_T1, CASIN T2 pins.
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3.3.5 Process variable tracking (when upper is not loop tag)

Function

« Process variable tracking when upper is not loop tag.
« When the control mode is other than CAS, prevent sudden SV change in switching to CAS
by PV tracking.

(1) Program example

Point

«Execute PV tracking with SEL when the control mode of loop tag is other than CAS.

- Execute rate of change limiter with P_VLMT1.

- Execute inverse engineering unit conversion into % value with P_IENG and then connect
to cascade input of loop tag.

3-26
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3.3.6 Process variable tracking (bumpless function in mode change)

Function

« When the control mode is MAN, tracking with transferring PV to SV fulfils bumpless
when changing to AUTO.

(1) Program example

Point

« As this function is already loaded, programming the following program is not needed for
2-degree-of-freedom advanced PID control (M_2PIDH_, M _2PIDH T ).

« Use this program when executing process variable tracking with loop tag FB other than
2-degree-of-freedom advanced PID control (M _2PIDH , M 2PIDH T ).
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3.3.7 Heating-cooling program control

Function

- Execute the heating-cooling control with one controller.
- Execute the split and program controls for heating-cooling controls.

3 PROGRAM/FB EXAMPLES WITH PX Developer

3.3.8 Cross limit control

sy Multi-point program setter tag FB (M_PGS2_): Temperature program pattern .

Controls  preset  temperature .
program pattern with program |

|

Multi-point  program |
|

setting. |
|

|

setter !

W [ ey
jFunction generator FB (P_FG): Heating pattern I
i |
|Steam I
ivalve

Steam iopening % I
valve : |
— I > I
I Operation output I
[T s -
iFunctlon generator FB (P_FG): Cooling pattern I
Cooling I I

water I Cooling
valve . water I
I valve I
| opening (% |
I |
I [

Operation output

(1) Program example

« A control which improves combustion efficiency with executing appropriate air fuel ratio
Function control at such as a combustion furnace and both fuel and air control loops give high/low

limit to its own loop in accordance with counterpart MV.

Point

« Execute the split control by multiple connecting of a Function generator FB (P_FG) to
loop tag output. Also, execute the program control with connecting cascade to a program
setter.

Temperature program pattern

Cooling pattern

3-28

Fuel flow rate
control loop

v

TIC
040 /
Intermediate selector Intermediate selector

P (100-K3) 100+K4) o

HSEL |« 100 >$ 100 > LSEL
\ 4
P (100+K1) (100-K2) L
\ A 4
X{1A(B - u)}

Air flow rate
control loop

Fuel Q= i -

Remark

HSEL: HIGH selector

LSEL: LOW selector

TPC: Temperature/pressure correction

u: Air excess ratio =actual air/ theoretical air
: Conversion coefficient = (fuel flow measuring range maximum value x fuel theoretical air) / air flow measuring
range maximum value

K1: Smoke limit in rising load (%)

K3: Air excess limit in reducing load (%)

K2: Smoke limit in reducing load (%)
K4: Air excess limit in rising load (%)
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(1) Program example

(2) Example of user-defined FB
1) Cross limit user-defined FB

I Point - This user-defined FB is configured with user-defined FB shown in 2) to 5) in this section.

(@ Intermediate selector User-defined FB (K1K3 intermediate selector)

User-defined FB: K1K3 intermediate selector

(100 + K1) / 100 + BIAS, (100 - K3) / 100 - BIAS

Improvement of low combustion
area response

BIAS_FG
BIAS

Fuel

(b) Intermediate selector User-defined FB (K2K4 intermediate selector)

User-defined FB: K2K4 intermediate selector
(100 + K4) / 100 + BIAS, (100 — K2) / 100 - BIAS

3 -30 3 - 31
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3.3.9 Temperature correction (with square root) 3.3.10 Pressure correction (with square root)

« Execute pressure correction to linear flow characteristic output from flowmeter such as
area flowmeter.
- For details of user-defined FB (PRESS CP), refer to (2) in this section.

- Execute the temperature correction to linear flow characteristic output from flowmeter Function

Function such as area flowmeter.

- For details of user-defined FB (TEMP_CP), refer to (2) in this section. (1) Program example

(1) Program example

(2) Example of user-defined FB
1) Temperature correction (with square root) User-defined FB (TEMP CP)

- Execute the operation of temperature correction (with square root) = [ {(design

(2) Example of user-defined FB
1) Pressure correction (with square root) User-defined FB (PRESS CP)

Point . . . . .
temperature + bias temperature) / (measured temperature + bias temperature)}. Point - Execute operation of pressure correction (with square root) = [ {(measured pressure +
bias pressure) / (design pressure + bias pressure)}

Pin Variable name | Variable type | Data type Contents

Input | TEMP Input variable REAL Design temperature Pin Variable name | Variable type | Data type Contents

Input | BIAS1 Input variable REAL Bias temperature Input | PRES Input variable REAL Design pressure

Input | PVTEMP Input variable REAL Measured temperature Input | BIAS2 Input variable REAL Bias pressure

Output | OUT Output variable | REAL Correction value Input | PVPRES Input variable REAL Measured pressure
Output | OUT Output variable | REAL Correction value
3 - 32 3 - 33
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3.3.11 Temperature/pressure correction (with square root) (2) Example of user-defined FB
1) Temperature/pressure correction (with square root) User-defined FB (TEMP PRESS CP)
- Execute temperature/pressure correction to linear flow characteristic output from - Execute operation of [/ {( measured pressure + bias pressure) / (design pressure +
Function flowmeter such as area flowmeter. Point bias pressure)} x | {( design temperature + bias temperature) . (measured
« For details of user-defined FB (TEMP PRESS CP), refer to (2) in this section. temperature + bias temperature))

(1) Program example

Pin Variable name | Variable type | Data type Contents
Input | TEMP Input variable REAL Design temperature
Input | BIAS1 Input variable REAL Bias temperature
Input | PVTEMP Input variable REAL Measured temperature
Input | PRES Input variable REAL Design pressure
Input | BIAS2 Input variable REAL Bias pressure
Input | PVPRES Input variable REAL Measured pressure

Output | OUT Output variable | REAL Correction value
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3.3.12 First order lag/dead time

Function

- Add first order lag/dead time process to input.
- For details of user-defined FB (FS D TIME), refer to (2) in this section.

(1) Program example

(2) Example of user-defined FB
1) First order lag/dead time User-defined FB (FS_D_TIME)

«Execute processing of first order lag, dead time to input data for input variable IN and

Point .
output from output variable OUT.
Pin Variable name | Variable type | Data type Contents
Input | IN Input variable REAL PV input
Output | OUT Output variable | REAL PV output
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3.3.13 Dead time compensation

Function

- Execute dead time compensation to input and then output.
- For details of user-defined FB (D_TIME_CP), refer to (2) in this section.

(1) Program example

(2) Example of user-defined FB

1) Dead time compensation User-defined FB (D TIME CP)

- Execute the conversion of K (1 - e-LS)/(1 + TS) to input data for input variable IN and

Point .
output to output variable OUT.
Pin Variable name Variable type | Data type Contents
Input [ IN Input variable REAL PV input
Input | PROCESS GAIN [ Input variable REAL Process gain
Output | OUT Output variable | REAL PV output
3 - 37




3 PROGRAM/FB EXAMPLES WITH PX Developer

3.3.14 2 OUT OF 3

Function

- To avoid the affection by sensor error, in case of one out of three sensors failure,
imports normal value with the other two sensors.
« For details of user-defined FB (2 OUT _OF 3), refer to (2) in this section.

(1) Program example

(2) Example of user-defined FB
1) 2 OUT OF 3 User-defined FB (2_OUT_OF_3)

Pin Variable name | Variable type | Data type Contents
Input | IN1 Input variable REAL Sensor input 1
Input | IN2 Input variable REAL Sensor input 2
Input | IN3 Input variable REAL Sensor input 3
Output | OUT Output variable | REAL Output
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3.3.15 Deviation variable gain PID

Function

- Deviation variable gain PID which has deviation input and function generator (P_FG).
- For details of user-defined tag FB (V_GAIN PID), refer to (2) in this section.

(1) Program example

Point

- Create the deviation variable gain PID control (with deviation input and broken line
correction) with user-defined tag FB and paste it to a program.
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(2) Example of user-defined FB

1) Deviation variable gain PID User-defined FB (V. GAIN PID)

Point

- Execute substitution to/from public variable to display FB public variable which
composes user-defined tag FB as property of tag FB.

Pin Variable name | Variable type Data type Contents
Input [ PVIN Input variable REAL PV input
Input [ CASIN Input variable REAL Cascade input without tracking
Output | MVN Output variable | REAL MV Output
Output | CASOUT Output variable | REAL Cascade output without tracking
Output | CASOUT T Output variable | ADR REAL | Cascade output without tracking
3 - 40 3 - 41
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3.4 Program Examples (digital/sequence control related)

3.4.1 Single solenoid

Function

« Output TRUE to open instruction and FALSE to close instruction from user program
continuously when the control mode is AUTO.

(1) Program example

3.4.2 Double solenoid

Function

« Output TRUE to both open instruction and close instruction from the external
continuously when the control mode is AUTO.

(1) Program example
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FUNCTION DETAILS OF 2-DEGREE-OF-FREEDOM ADVANCED PID CONTROL
TAG

This chapter explains the function details of 2-degree-of-freedom advanced PID control tag which
can be applied to simple to advanced controls.

Section 4.1 describes 2-degree-of-freedom advanced PID control tag (M_2PIDH_T ) block
diagram.
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4.1 2-degree-of-freedom Advanced PID Control Tag (M_2PIDH_T ) Block Diagram



4 FUNCTION DETAILS OF 2-DEGREE-OF-FREEDOM ADVANCED PID CONTROL TAG 4 FUNCTION DETAILS OF 2-DEGREE-OF-FREEDOM ADVANCED PID CONTROL TAG

4.2 Square Root Extraction Function and Temperature/Pressure Correction Function <Square root extraction>
The following shows the parameter settings when execute square root extraction.
Execute the square root extraction to convert differential pressure signals of square characteristics
into linear flow characteristic when measuring flow rate through differential pressure of orifice or I c pvsngmwivm Tfpolivewoa L | 7 Gornpensatin | Jl
Temperature/ Pressurs Gorrection pattern Square Root Extraction -
venturi tube. Add temperature/pressure correction if necessary when measuring gas. tem ontents Temperatre GertestonlEneinceine Vale]
. : : Temperature/ Square Root ek mmai
The 2-degree-of-freedom advanced PID control enables those functions with setting parameters. . O —
Pressure Extraction e oA
. esien Pressure o
Correction pattern i o —
Flow rate = Coefficient 10  (Note 1) e —
Q I Output Low 10% (Note 2) Output Low Gut-off Value wm
Square root U CUt-Oﬂ: Value Recommended Value: 100
extraction va Set the items as shown above. e
Temperature/pressure correction ] o |
Differential Property page
Pressure Temperature pressure
\ 4 (Note 1) When input (IN) is in percentage (%), set the coefficient (K) to K=10.
p T AP @ Extract square root (104 IN) with K=10, make 0 to 100% of input (IN) corresponding to
I [} 0to 100% of output (OUT). (When input = 100%, output = 10,/ 100 = 100%).
Input (IN)% Input (IN)%
A
100% F-------mmmmmmm - 100% [~
10/ IN  |—»
oLC .
> T ! > T
0% 0%

(Note 2) Generally, output low cut-off value (OLC) is applied when input (IN) is in
percentage (%). (Output low cut-off value (OLC) shall be set in 10% level)

The following explains the temperature/pressure correction settings in flow rate control program shown
above.
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<Temperature correction + Square root extraction>
The following is the parameter settings for executing temperature correction and square root extraction.

[= Advanced Setting for Input |:|®
PV Eneineering Value Temperature/Fressure Gorrection lFunEhun Generator | First Order Lag | PV Compensation |
Temperature/ Pressure Gorrection pattern
Temperature Carrection[Enginesting Value]
Design Temperature [on
Item Contents Bias Temperaturs 27318
Temperature/ Temperature Correction fesses CorsEnpatre e
. i esign Pressure oo
Pressure Correction | + Square Root Extraction Fiss Pressure ([ —
pattern -Square Root-
K Coefficient oo
Design Temperature | 0.0°C (Note 3) Output Lon Gut-of Value T
Bias Temperature 273.15°C (Note 4)
Coefficient 10
Output Low Cut-off 10% _Fonfiry |
Value Cencel
Set the items as shown above. Property page

(Note 3) Set the temperature specified in the design specification.

Use the same unit as measured temperature.
(Note 4) Set the bias temperature to perform the correction calculation with absolute temperature.
Set to 273.15 when Celsius is used for the design temperature and measured temperature.
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<Pressure correction + Square root extraction>
The following shows the parameter settings

=] Advanced Setting for Input

when execute
pressure Correct]on =+ Square root eXtraCt]On Temperature/Pressure Gorrection pattern I Pres I
Temperature Correction[Engineering Valus]
Desien Temperature J—
Iltem Contents e i [
Tempera‘[u re/ Pressure Correction + Pressure Correction[Engineering Value]
. . Desizn Prossure T
Pressure Correction Square Root Extraction Bias Pressurs T
pattern Giuare Root
. Coefficient o
Design Pressure 0.0mmH,O (Note 5) Cutput Low Cut-off Vikie T —
Bias Pressure 10332.0mmH,O (Note 6)
Coefficient 10
Output Low Cut-off | 10% _SonFers |
Value _ sl |
Set the items as shown above. Property page

(Note 5) Set the pressure specified in the design specification.
Use the same unit as measured pressure.

(Note 6) Set the bias pressure to perform the correction calculation with absolute pressure.

Set to 101.3 when kilo Pascal (kPa) is used for the design pressure and measured pressure.
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<Temperature/pressure correction + Square root extraction>
The following shows the parameter settings when execute temperature/pressure correction + square root

eXtraCt'on [ Advanced Setting for Input |Z|@g]
PV Engineerine Walue  Temperature/Pressure Carrection I Function Generator } First Order Lag ] P Compensation }
Item Contents Temperature/Pressure Correction pattern emperature/| jon + Square Foot Extraction
. Temperature Correction[Enzineering YWalue]

Temperature/ Temperature Correction + e =

. . ]_'_‘—
Pressure Correction | Square Root Extraction e 2a1e

Pressure Correction[Engineering Valus]
pattern Design Pressure oo
Design Temperature | 0.0°C Elas Fresaurs o0
. ) -Square Root
Bias Temperature 273.15°C (Note 7) Conticint e
Design Pressure 0.0mmH,O (Note 8) St o Briegifilte ———
Bias Pressure 10332.0mmH,O (Note 9)
Coefficient 10
Output Low Cut-off | 10% I
Value e
Set the items as shown above. Property page

(Note 7) Set the bias temperature to perform the correction calculation with absolute temperature.

(Note 8) Set the pressure specified in the design specification.

Use the same unit as measured pressure.

Set to 273.15 when Celsius is used for the design temperature and measured temperature.

(Note 9) Set the bias pressure to perform the correction calculation with absolute pressure.

Set to 101.3 when kilo Pascal (kPa) is used for the design pressure and measured pressure.
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4.3 Function Generator

Approximate and correct by broken line correction processing when the value from the measure
target is not in direct proportion to process variable from the sensor.

L
5

The following shows the parameter settings
when execute broken line correction processing.

[= Advanced Setting for Input

Item Contents PV Engineering Value | Temperature/Pressure Correction  Function Generatar | First Order Lag]PVOompensatioM

Number of Set the number of points used Munber of points | [35 =
points in the broken line correction }{n i
- ] I
processing. 77000 105
Input Set the input coordinates i gggg Hg
coordinates (X-coordinates) of the broken § 4000 12
. . . . § 5000 130
(X-coordinates) | line correction processing. 7 0n w0
Output Set the output coordinates S;ggg o
coordinates (Y-coordinates) of the broken 0,900 10
. . . . 110000 180
(Y-coordinates) | line correction processing 511000 0
Set the items as shown above. g
413000 0

ThpuT e T e
Shaw Figure >»
Fol

Input broken line coordinates and display broken line graph.
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4.4  Filtering Function

(1) First order lag filter function
Use the first order lag filter to suppress the
sudden change and the noise of input value
so that the PV engineering variable is stable.
Set PV filter coefficient of (2) Digital filter
function in this section to 0 and use
the first lag filter.
The following shows the parameter settings
when using the first lag filter.

ltem Contents
Enable First Check for enablement
Order lag Filter

Lag time [s] Set the time constant [s].
(time constant) 0 to 999999

Set the items as shown above.

(2) Digital filter function
Execute digital filter (index filter) processing
to PV which completed the execution of
PV input high/low limiter processing.
The following shows the setting of filter coefficient
(PV filter coefficient).

Item Contents
PV Filter Coefficient 0.0t0 1.0
Set the items as shown above.

0.2 is set as initial value.

The effect of the filter differs depending on
execution cycles.

The figure shown below is the relations between
PV filter coefficient a and execution cycle AT

as reference.

Advanced Setting for Input ‘_‘@E]
PV Engineering Walue } Temperature/Pressure Correction ] Function Generator  First Order Lag ‘ PV Compensation ]
~First Order Lag -
| v [iable el e Lag it |
Lag Time[z] |10
Show Figure »>
el
Property page

[&) Advanced Setting for Input |_‘@El

P Engineering Value hemperatura/Pressurs Onrrectmn} Function Generator } First Order Lag} PV Compensation \

PV Filter Coefficient
P Highy/Low Limit Alarm Hysteresis(¥] un
ariation Rate Check

Variation Rate Alarm Value[4] 1000
Vatiation Rate flarm Check Time[s] 00

0K Cancel

Property page

(Refer to Appendix 9 Process Control Related Terminology "Filter", "Execution cycle")

Relations between execution cycle AT of PV filter coefficient a and time constant T

Time constant T [s]

AT=4000ms
AT=1000ms

AT=200ms

PV filter coefficient a

4 -10
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4.5 PV Compensation Function and APV Compensation Function

To control processes with a long dead time, execute addition or replacement of the compensation
value from the external (e.g. dead time compensation method) to PV input.

Step manipulated variable .

sV (Example)
A w 1
PV,
MV PV T

. >
Q Time
Long dead time
F »

Dead time
compensation

Input PV compensation value to input pin (PV_CMPIN).

) >
Time
For example, executes dead time compensation

to improve the control performance to system
whose dead time is long and hard to control.

»

Time

Dead time compensation

PV Compensation program example

4 -1
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The following shows the parameter settings ; — 4.6 Cascade Connection
. [=] Advanced Setting for Input |_‘@E‘
when execute PV compensation and — . . .
P Engineeting Value ] Temperature/ Pressure Correcnon] Function Ganeraturl First Order Lag PV Compensation 1
APV compensation PV Compensation When execute cascade connection, set the tracking of cascade secondary and primary loops to
% #ddition - Secondary |00p tag
Item Contents sl When execute the tracking to primary loop, use M_2PIDH_T_ which has the tracking function for
PV Enable PV Check for tag FB type of secondary loop.
Compensation | Compensation | enablement For primary loop tag FB type, both without tracking function (M_2PIDH_) and with tracking function
PV Select Addition (M_2PIDH_T ) can be used.
Compensation | or Replacement. When execute tracking,
mode set tag FB type to
delta-PV Enable (Note 10) M_2PIDH_T_.
Compensation | delta-PV
Compensation [
Set the items as shown above. Gaeel

Property page

(Note 10) When APV compensation is enabled, internally estimates the compensation value input in

velocity type (APV).

Then, adds the integration value to PV engineering variable. Therefore, even if compensation
value becomes 0 due to such as the effect of break, the sudden change of PV engineering

variable can be avoided.
When APV compensation is set to Disable, the internal integration value of the compensation
value is reset (set to 0).

4 -12

/

/ \
[=] FB Property Paze [FIG004] El
|tem Contents Tnput ] PID Operation (Cascade 10utput ] Other ]
C=tate CormecTion
Cascade Select whether or not to use i t ehes e seconeay e
Connection | as the secondary loop. A
nable 10 exXecule Tracking

When used as secondary
loop, set whether or not to
execute tracking

Property page

sY

/ )
/g\;w Enable to Execute Tracking
PV U
%\ Use as the Secondary Locp
e\ my

\_/

Secondary Loop Control

Ok Cancel

Setting example of secondary loop tracking in cascade connection
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4.7 Cascade Direct

This is the mode for directly outputting the output value of primary loop as the output value of
secondary loop in the cascade connection.

TIC001

SV

® ‘ﬁYAMV— Output in

cascade direct
PVU
SV |
PV‘% MV Chanze Control Mode

MARLAL

AUTO I PLITER & J

CASCADE

Loop with cascade direct

Stop Monitor

Cascade direct is enabled when switching
the control mode of secondary loop
(FIC001) from faceplate of the tuning
panel to CASCADE DIRECT.

Program example of cascade connection

4 - 14
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4.8 MV Compensation Function and AMV Compensation Function

(1) Example of application to feedforward control
The feedforward control is applied to 3 component control and combustion control of boiler.
The feedback control is generally combined with the feedforward control when variation of the operation
is clear since time lag occurs when responding to disturbance with feedback control only.
Set output quantity of feedforward control to the compensation value of AMV compensation or MV
compensation.

I_

Feedforward
element 1

Feedforward
element 2

Control Target

Program example of MV compensation and AMV compensation

4 -15
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The following shows the parameter settings
when execute MV compensation and
AMV compensation.

MELSEC-Q

[E! Advanced Setting for Output E|

M utput | MY Output Selection MV Gompensation ]
-delta=My Gompensation
Item Contents nab\e delta-MV Compensation
MV Enable MV Check for delta-MY Gompensation Made Addition v
Compensation | Compensation | enablement [l e
. MY Campensation

MV Select Addition or [l

Compensatlon Replacement. My Gompensation Mode iddition v

Mode
Delta-MV Enable Check for
Compensation | delta-MV enablement

Compensation

Delta-MV . Select Addition or o P

Compensation | Replacement.

Mode Gl |

Set the items as shown above. Property page
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(2) Example of application to batch PID

This is an example of application to batch PID which outputs constant variable of MV in the start and
switches to PID when the difference of PV and SV reaches to the deviation setting value. Constant
variable of MV output in the start and PID MV initial value in switching to PID can be applied with MV
compensation input (MV_CMPIN of TICOOL in this example). Batch PID prevents overshoot of MV and
PV which is occurred in temperature rising of late response process to which general PID is applied.

Deviation setting value, constant variable in the start (start MV), and PID MV initial value are decided by

actual operation of control target.
sV

\V4

VENAL
[ ]

] ~)
Power conditioner PV

‘H Time

He er

A

AMV compensation period
MV PID
A

Liquid container StartMV £ pip My initial value
\ / .

Processing abstract

[
1) Input MV compensation to M 2PIDH loop tag
e Connect MV compensation value to input pin MV CMPIN.
2) MV compensation mode setting
e Set the MV compensation function to the replacement mode. (Replace MV to MV compensation value). (Executes when MV
compensation execution condition is TRUE)
3) MV compensation period
o Substitute start MV to MV compensation value.
e While PV < (SV - Deviation setting value), MV compensation execution condition is TRUE. (While MV compensation execution
condition is TRUE, enables the MV compensation function)
o Substitute PID MV initial value to MV compensation value in switching to PID.

Program example of batch PID

4 -17

Switches to PID when the difference of PV

pV A Deviation settingivalue  and SV reaches to deviation setting value
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(3) Example of application to decoupling control
This is an example of application to decoupling control which prevents interaction between control loops
and enables control systems to be operated as independent control systems when the target controls
interact each other.

To eliminate the interaction between control loops, combine cross controller (decoupling compensator)
as feedforward component.

TIC001
SV1
PV1 ‘% AMV1 + MV1 Control
N Cross | ‘ AMV compensation value 1 ‘
Controller
Cross
> Controller :
J AMV compensation value 2 ‘
Sv2
PV2i /TIC + MV2 Control
| .
FU AMV2 i MvS ”| Target 2
TIC002

Substitute MVD_CMPOUT (output for AMV compensation) as velocity output AMV of loop tag FB to
cross controller and input to MVD_CMPIN (AMV compensation value) of another system loop tag FB as
feedforward element. AMV compensation mode is addition (=0: default).

Program example of decoupling control
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4.9 AMV Gain Correction Function

It executes operation terminal characteristics correction by executing AMV gain correction and
linearization of manipulated variable with such as function generator to stabilize the controls to
loads and changes of the target value.

SV
> Operation terminal
characteristics correction
AMV (e.g. Function generator)
L,
MVS T
v
® I i I >

PV

Input AMV correction gain value to input pin (MVD_GAININ)
Program example of AMV gain correction
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4 FUNCTION DETAILS OF 2-DEGREE-OF-FREEDOM ADVANCED PID CONTROL TAG

The following shows the parameter settings
when execute AMV gain correction.

ltem Contents

Enable delta-MV | Check for enablement
Gain Correction

Set the items as shown above.

[& Advanced Setting for Output &‘

MY Oulput} M Output Selection MY Gompensation ‘
delta-MV Gompensation
™ Enable delta-MV Compensation

delta-MV Gompenzation Mode i

MW Gompensation
I~ Enable MY Compenzation

MV Gompenszation Mode Additicr -

Show Figure 3>

Cancel

MELSEC-Q

Property page
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4.10 MV Tracking

Switch MV to tracking input. (Except in manual mode)

PV1 PV2
Select
Signal
MV tracking MV tracking

In 2 PID control loops, tracking with transferring MV whose loop is selected by selector to MV
whose loop is not selected by selector executes the bumpless when switching to loop.

In the figure shown below, executes tracking with transferring MV of loop 1 to MV of loop 2 when
select signal SW1 is FALSE. Executes tracking with transferring MV of loop2 to MV of loop 1 when
select signal SW1 is TRUE.

Program example of MV tracking
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4 FUNCTION DETAILS OF 2-DEGREE-OF-FREEDOM ADVANCED PID CONTROL TAG

4.11 MV Output Selection

Select the output (MV hold, preset MV) for the event of an error or tag stop.
The following shows FB property settings regarding preset MV, output selection in abnormal
occasions and MV reverse output.

Advanced Setting for Output X |
Item Contents E
MV Qutput MV Qutput Selection 1 My Gompensation |
Preset MV [%] Regard preset MV as output
Preset MV Value[¥] (1]

value.

Output selection

Set the method for MV output

Output selection when Loop Stop/Tag Stop is executed ‘Ho\d j

MV Output selection when Sensor Error occurred ‘Ho\d j

able MV Reverse Qutput

when loop in loop stop or tag stop.
Stop/Tag Stop (Note 11)

is executed

MV Output Set the method for MV output

selection when
Sensor Error

in the occurrence of sensor
alarm. (Notel2)

OCCUI‘I’ed Input Range: 00 to 1000

Enable MV Set whether or not to output

Reverse Output | MV reverse. (Notel3) |
Set the items as shown above. Gancel

Property page

(Note 11) Select either "Hold" or "Preset value". When "Preset" is selected, MV cannot be changed
on a faceplate.

(Note 12) Select from "Hold", "Preset MV output”, and "Do not hold and output preset MV".
When selecting "Do not hold and output preset MV", the result of PID operation + Output
addition processing is output.
(Note 13) When selecting "MV reverse output”, outputs variable which is after execution of MV
inverted processing (100 - MV).

[REMARK]

Loop stop (SPA)

Tag stop (TSTP)

. A function which stops loop process operation in the event of loop error.
Loop stops by changing tag name.SPA as TRUE
. A function which stops loop process operation with faceplate (TAG STOP)

Output open alarm (OOA)

Sensor error (SEA)

A function which activates the alarm when a disconnection is detected on the
module FB of the output side. Output open alarm occurs by changing tag
name.OOA as TRUE.

: Sensor alarm occurs in the event of analog input high limit range error or low

limit range error.
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4.12 Tag Stop Function

4 FUNCTION DETAILS OF 2-DEGREE-OF-FREEDOM ADVANCED PID CONTROL TAG

The tag stop function stops the input processing and loop process operation.

Setting tag stop changes the control mode to MANUAL automatically.
"Preset" or "Hold" can be selected for MV in changing to MANUAL mode. (Refer to Section 4.11)
The tag stop function can be set with the Change I/O mode dialog box of faceplate. For details of

I/O mode change, refer to the "PX Developer Operating Manual (Monitor Tool)".

TICO19

100.0

Ghange Y0 Mode @

NORMAL J }

0] 4 | Cancel
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APPENDIX

Appendix 1 Specifications of Parameters for Loop Control

The following explains the details of the parameters for 2-degree-of-freedom advanced PID control

FB (M_2PIDH_T ) as representative examples

Appendix 1.1 Minimum parameters required for 2-degree-of-freedom advanced PID control

Item

(variable name)

Data
type

Contents

Setting
range

Initial
value

IN_NMAX

REAL

Analog input high limit value
High limit value for the range of A/D conversion values (such
as 0 to 4000, 0 to 8000) input from an analog input module.
(Example) When using the range of 0 to 64000 for Q64AD-GH
— Set to "64000".

After checking range errors (IN_HH,IN_H,IN_LL, IN_L) which
are mentioned later in this section, executes input high limit
processing which sets AD conversion value to IN_NMAX
when AD conversion value = IN_NMAX.

-999999
to 999999

100.0

IN_NMIN

REAL

Analog input low limit value
Low limit value for the range of A/D conversion values (such
as 0 to 4000, 0 to 8000) input from an analog input module.
(Example) When using the range of 0 to 64000 for Q64AD-GH
— Set to "0".

After checking range errors (IN_HH,IN_H,IN_LL,IN_L) which
are mentioned later in this section, executes input low limit
processing which sets AD conversion value to IN_NMIN when
AD conversion value = IN_NMIN.

-999999
to 999999

0.0

IN_HH

REAL

Analoq input high limit range error value

Reference value of high limit exceeding error (range high limit
error) for A/D conversion values input from an analog input
module.

When AD conversion value is greater than this value, high limit
range error (sensor alarm SEA) occurs.

(Example) When using the range of 0 to 64000 for Q64AD-GH

— Set to "65535".

-999999
to 999999

110.0

REAL

Analoq input high limit range error reset value
Reference value of error reset performed after high limit range
error occurrence.
When A/D conversion value is smaller than this value, the high
limit range error (sensor alarm SEA) is reset.
(Example) When using the range of 0 to 64000 for Q64AD-GH
— Set to "64000".

-999999
to 999999

100.0

IN_LL

REAL

Analog input low limit range error value

Reference value of low limit exceeding error (range low limit
error) for A/D conversion values input from an analog input
module.

When A/D conversion value is smaller than this value, low limit
range error (Sensor alarm SEA) occurs.

(Example) When using the range of 0 to 64000 for Q64AD-GH

— Set to "-1536".

-999999
to 999999

-10.0
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APPENDIX

Item Data Setting Initial
. Contents
(variable name)| type range value
IN_L REAL | Analog input low limit range error reset value -999999 0.0
Set reference value of error reset performed after low limit | to 999999
range error occurrence.
When A/D conversion value is greater than this value, the low
limit range error (Sensor alarm SEA) is reset.
(Example) When using the range of 0 to 64000 for Q64AD-GH
— Set "0".
PID2H_PN INT Reverse action / direct action O:Reverse | 0
Set PID operation pattern. action
Reverse action increases the manipulated variable (MV) when | 1:Direct
the process variable (PV) decreases more than the setting | action
value (SV).
Direct action increases the manipulated variable (MV) when
the process variable (PV) increases more than the setting
value (SV).
OUT3_NMAX | REAL | Analog output conversion high limit value -999999 100.0
High limit value for the range of D/A conversion values (such | to 999999
as 0 to 4000, 0 to 8000) for writing to an analog output
module.
(Example) When using the range of 0 to 12000 for Q64DA
— Set to "12000".
OUT3_NMIN | REAL | Analog output conversion low limit value -999999 0.0
Low limit value for the range of D/A conversion values (such | to 999999
as 0 to 4000, 0 to 8000) for writing to an analog output
module.
(Example) When using the range of 0 to 12000 for Q64DA
— Set to "0".
APP - 2




APPENDIX

Appendix 1.2 Parameters set for 2-degree-of-freedom advanced PID control if necessary

(1) Parameter setting when engineering variable is used
Engineerring variables (variables which are described with Industrial unit such as I/min, kg, °C) is used
for process variable (PV) and setting value (SV). For manipulated variable (MV), % is fixed and cannot
be described with engineering variable.

APPENDIX

Item Data Setting Initial
. Contents
(variable name) type range value
UNIT INT Engineering unit Oto 127 0

Units for parameters which have engineering
variables (PV, SV, RH, RL, PH, PL, HH, LL, SH, SL).
Set a specified unit name No. which is registered on
the Unit setting screen of the monitor tool to UNIT
(unit setting is needed in the monitor tool).

N INT Number of digits after decimal point Oto4 1
Number of digits after decimal point for the
parameters shown below. Enables to be valid in
displaying on the faceplate or monitor tool.
Parameters which enable N to be valid :

««« PV, SV, RH, RL, PH, PL, HH, LL, SH, SL

RH REAL | PV engineering variable high limit -999999 100.0

High limit value for using A/D conversion value input | to 999999

from an analog input module as PV engineering

variable.

(Example) When using PV engineering variable of O
to 200 °C — Set RH to "200".

RH corresponds to IN_NMAX (high limit of analog

input).

RL REAL | PV engineering variable low limit -999999 0.0

Low limit value for using A/D conversion value input | to 999999

from an analog input module as PV engineering

variable.

(Example) When using PV engineering variable of O
to 200 °C — Set RL to "0".

RL corresponds to IN_NMIN (low limit of analog input)

PH REAL | PV high limit alarm value RLto RH | 100.0
Reference value of high limit exceeding alarm for PV
engineering variable which is converted with RL, RH.
When PV engineering variable is greater than this
value, the PV high limit alarm (PHA) occurs.

PL REAL | PV low limit alarm value RLtoRH | 0.0
Reference value of low limit exceeding alarm for PV
engineering variable which is converted with RL, RH.
When PV engineering variable is smaller than this
value, PV low limit alarm (PLA) occurs.

HH REAL | PV high high limit alarm value RLto RH | 100.0
Reference value of high high limit exceeding alarm for

+ SV high/low limiter processing execution
(PID2H_SVLMT_EN: TRUE)

Executes limiter processing to setting value
(current) SVC not to drop below SL.

+ SV high/low limiter processing stop

(PID2H_SVLMT_EN: FALSE)

Limiter processing explained above is not
executed.

Item Data Setting Initial
. Contents
(variable name) type range value
RH.
When PV engineering variable is greater than this
value, PV high high limit alarm (HHA) occurs

LL REAL | PV low low limit alarm value RLtoRH | 0.0
Reference value of low low limit exceeding alarm for
PV engineering variable which is converted with RL,

RH.
When PV engineering variable is smaller than this
value, the input low low limit alarm (LLA) occurs.

HS REAL | PV high/low limit alarm hysteresis 0to 100 0.0
Hysteresis range for alarm recovery after the | (Unit: %)
occurrence of PV high limit, high high limit, low limit or
low low limit exceeding alarm.

Set with percentage (0 to 100%) against (RH - RL) as
hysteresis range.

After the occurrence of PV high limit alarm, PV = (PH
- HS) recovers PV high limit alarm, after the
occurrence of PV high high limit alarm, PV = (HH -
HS) recovers PV high high limit alarm, after the
occurrence of PV low limit alarm, PV =z (PL + HS)
recovers PV low limit alarm, after the occurrence of
PV low low limit alarm, PV = (LL + HS) recovers PV
low low limit alarm.

PID2H_SVLMT_EN | BOOL | SV high/low limiter TRUE, FALSE
Set Enable/Disable of SV high/low limiter processing. | FALSE
TRUE: Execute, FALSE: Not execute

SH REAL | SV high limit value RLto RH | 100.0
+ SV high/low limiter processing execution

(PID2H_SVLMT_EN: TRUE)

Executes limiter processing to setting value

(current) SV1C not to exceed SH.

+ SV high/low limiter processing stop

(PID2H_SVLMT_EN: FALSE)

Limiter processing explained above is not

executed.

SL REAL | SV low limit value RLtoRH | 0.0

PV engineering variable which is converted with RL,

APP -3
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(2) P, I, D constant, rate-of-change alarm, deviation alarm

value of PV.

Set it with percentage (0 to 100%) against (RH - RL).
Positive rate-of-change alarm (DPPA) occurs with (PV
current value — Previous PV before execution cycle AT) =
DPL,

negative rate-of-change alarm (DPNA) occurs with (PV
current value - Previous PV before execution cycle AT) =
-DPL.

After the occurrence of the alarm

(PV current value - Previous PV before execution cycle AT)
< DPL recovers positive rate-of-change alarm (DPPA),

(PV current value - Previous PV before execution cycle AT)
> -DPL recovers negative rate-of-change alarm (DPNA).
The PV will not be restricted even when the rate-of-change
alarm occurs.

Item Data Setting Initial
. Contents
(variable name)| type range value
P REAL | Proportional gain 0to 99 1.00
When it is 0, proportioning, integral and derivative controls
are not executed.
I REAL | Integral time 0 to 9999 10.0
Integral control is not executed if the integral time is 0. (Unit: Sec.)
D REAL | Derivative time 0 to 9999 0.0
Derivative control is not executed if the derivative time is 0. | (Unit: Sec.)
PID2H_MTD | REAL | Derivative gain 0 to 9999 8.0
Derivative gain is a constant to determine the
characteristics of imperfect derivative. The number is
normally needless to change (change only when imperfect
derivative characteristics should be adjusted strictly).
DVL REAL | Deviation limit value 0to 100 100.0
Allowable variation range. (Unit: %)
Set with percentage (0 to 100%) against (RH - RL) as the
variation range of the deviation.
Although large deviation alarm (DVLA) occurs when
|Deviation| > Deviation limit value is established, deviation
value limit will not be executed.
PID2H_DVLS | REAL | Large deviation alarm hysteresis 0to 100 2.0
Hysteresis range for recovering alarm after large deviation | (Unit: %)
alarm (DVLA) occurred.
Set with percentage (0 to 100%) against (RH - RL) as
hysteresis range
Recovered when |Deviation] = (DVL - DVLS) is
established after the occurrence of large deviation alarm.
CTIM REAL | PV rate-of-change alarm check time 0 to 9999 0.00
The time to check a rate-of-change alarm of PV. (Unit: Sec.)
The rate-of-change alarm is checked within this period.
Set a period with value which is the execution cycle AT
(execution cycle in unit of FBD program) multiplied by an
integral number.
DPL REAL | PV rate-of-change alarm value 0to 100 100.0
PV variation range for checking the rate-of-change alarm | (Unit: %)
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Item

(variable name)

Data
type

Contents

Setting
range

Initial
value

DSVL

REAL

SV rate-of-change high limit value
Set the limit value of SV rate-of-change to prevent the rapid
variation of SV.

0to 100
(Unit: %)

100.0

ALPHA

REAL

PV filter coefficient
Set filter coefficient of digital filter (index filter) processing to
A/D conversion value (value after processing of input
high/low limiter).
When using first order lag filter, set PV filter coefficient to O
and set in the parameters LLAG_EN, LLAG_T1 which are
explained later.

Oto1l

0.20

CT

REAL

Control cycle
Indicate PID operation cycle and set the time (second) that

is the integral number multiple of execution cycle AT (The
default is 200ms in the execution cycle of FBD program).
2-degree-of-freedom  advanced PID  control FB
(M_2PIDH_) is consisted of 4 processing (analog input
P_IN, high/low  limit alarm  check  P_PHPL,
2-degree-of-freedom advanced PID control P_2PIDH_,
output processing-3 with mode switching P_OUT3),
executes P_IN, P_PHPL, P_OUT3 per execution cycle AT,
P_2PIDH_ per control cycle CT.

0 to 9999
(Unit: Sec.)

1.00

DML

REAL

Output rate-of-change high limit value
MV allowable variation range as output rate-of-change high
limit value.
Set it with percentage (0 to 100%) that is to MV (%).
MV variation range is checked in every execution cycle AT.
When [MV variation range| > DML, or [MV variation range|
> - DML, output rate-of-change Ilimit alarm (DMLA)
occurred and MV variation range is limited by DML. (After
AT, previous MV + DML = Current MV is established).
This enables to convert MV into ramp status when SV is
rapidly changed and not to output rapidly changed
manipulated variable.
Output rate-of-change limit alarm (DMLA) recovers when
|MV variation range| = DML.

0 to 100
(Unit: %)

100.0

MV

REAL

Initial MV
Set the initial MV.

0 to 100
(Unit: %)

100.0

MH

REAL

MV high limit value
High limit value for MV high/low limiter processing.
When MV after output rate-of-change limit > MH, output
high limit alarm (MHA) occurs and the MV is limited by the
MH (output high limiter).
Outputs high limit alarm (MHA) recovers when MV = MH.
When the control mode is MAN, CMV, the processing
shown above is not executed.

-10t0 110
(Unit: %)

100.0
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Item Data Setting Initial
iable name)| type Sl range value ; ;

(varia p - g (3) Cascade connection, tracking

ML REAL | MV low limit value -10to 110 | 0.0
Low limit value for MV high/low limiter processing. (Unit: %) : "
When MV after output rate-of-change limit < ML, output low : Item Data Contents e
limit alarm (MLA) occurs and the MV is limited by the MV (variable name) type : range | value
low limit value (output low limiter). PID2H_TRK INT Tracking fla 0,1 0
Output low limit alarm (MLA) recovers when MV z ML. When executing cascade connection, set whether or not
When the control mode is MAN, CMV, the processing to execute tracking from the secondary loop to the
shown above is not executed. primary loop

GW REAL | Gap range 0to 100 0.0

Gap range (0 to 100%) when executing PID control with | (Unit: %)

gap (a control for reducing deviation used in PID operation - When executing tracking, set a parameter PID_TRK of

by increasing the gap range to actual deviation). secondary loop to 1.
Set the actual deviation (0 to 100%) for executing PID - When not executing tracking, set a parameter
control with gap PID_TRK of primary loop to 0.
PID control with gap is executed if |Actual deviation| = PID2H_SVPTN_BO | BOOL | Cascade connection TRUE, | TRUE
Gap range. Set the cascade connection status. FALSE
GG REAL | Gap gain 0to 99 1.0 - When executing the cascade connection, set a
Gap gain when executing PID control with gap. Set the parameter PID_SVPTN_BO of secondary loop to
gain in relation to the actual deviation (0 to 100%) for FALSE.

executing PID control with gap.

e : . ) «- When not executing the cascade connection, set a
Actual deviation x GG is the deviation used in PID

parameter PID_SVPTN_BO of secondary loop to

operation.

ALPHA2 REAL | 2-degree-of-freedom parameter Alpha Oto1l 0.0 TRUE_'
Set the value of feed forward proportional. PID2H_SVPTN_B1 | BOOL | The primary loop cascade output use status of | TRUE, TRUE
If a is tuned up, the proportion effect on setting value secondary loop SV FALSE
changing will become smaller. Set to connect to cascade output of primary loop tag FB

BETA2 REAL | 2-degree-of-freedom parameter Beta Otol 1.0 as SV of secondary loop.

Set the value of feed forward derivative.
If B is tuned down, the derivative effect on setting value

. . . « When a primary loop executes the cascade connection
changing will become bigger.

SVHI BOOL | SV high limit alarm TRUE, FALSE with loop tag FB (such as M_2PIDH ), set a
TRUE : Disable SV high limit alarm detection FALSE secondary loop parameter PID_SVPTN_B1 to FALSE.
FALSE: Enable SV high limit alarm detection « When primary loop is not loop tag FB or tag FB which

SVLI BOOL | SV low limit alarm TRUE, FALSE cannot execute the cascade connection, set TRUE.
TRUE : Disable SV low limit alarm detection FALSE
FALSE: Enable SV low limit alarm detection

DSVLI BOOL | SV rate-of-change limit alarm TRUE, FALSE

TRUE : Disable SV rate-of-change limit alarm detection FALSE
FALSE: Enable SV rate-of-change limit alarm detection

SVLL BOOL | SV low limit alarm level TRUE, FALSE
TRUE : SV low limit alarm is major alarm. FALSE
FALSE: SV low limit alarm is minor alarm.

SVHL BOOL | SV high limit alarm level TRUE, FALSE
TRUE : SV high limit alarm is major alarm. FALSE
FALSE: SV high limit alarm is minor alarm.

DSVLL BOOL | SV rate-of-change limit alarm level TRUE, FALSE
TRUE : SV rate-of-change limit alarm is major alarm. FALSE

FALSE: SV rate-of-change limit alarm is minor alarm.
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(4) Change-forbidden mode/operation, alarm detection status, alarm importance (level) settings

APPENDIX

Item Data Setting | Initial
: Contents

(variable name) | type range | value

MANI BOOL | Change to MANUAL mode TRUE, | FALSE
TRUE : Change to MANUAL mode is forbidden. FALSE
FALSE: Change to MANUAL mode is permitted.

AUTI BOOL | Change to AUTO mode TRUE, | FALSE
TRUE : Change to AUTO mode is forbidden. FALSE
FALSE: Change to AUTO mode is permitted.

CASI BOOL | Change to CASCADE mode TRUE, | FALSE
TRUE : Change to CASCADE mode is forbidden. FALSE
FALSE: Change to CASCADE mode is permitted.

CMmVI BOOL | Change to COMPUTER MV mode (mode of manual | TRUE, | FALSE

operation with upper computer) FALSE

TRUE : Change to COMPUTER MV mode is forbidden.
FALSE: Change to COMPUTER MV mode is permitted.

Csvi BOOL | Change to COMPUTER SV mode (mode of automatic | TRUE, | FALSE

operation with upper computer) FALSE

TRUE : Change to COMPUTER SV mode is forbidden.
FALSE: Change to COMPUTER SV mode is permitted.

CASDRI BOOL | Change to CASCADE DIRECT mode TRUE, | FALSE
TRUE : Move to CASCADE DIRECT mode is forbidden. FALSE
FALSE: Move to CASCADE DIRECT mode is permitted.

TSTPI BOOL | Change to TAG STOP mode TRUE, | FALSE
TRUE : Move to TAG STOP mode is forbidden. FALSE
FALSE: Move to TAG STOP mode is permitted.

ATI BOOL | Change to AUTO TUNING mode TRUE, | FALSE
TRUE : Execution of auto tuning is forbidden. FALSE
FALSE : Execution of auto tuning is permitted.

OVRI BOOL | Change to OVERRIDE mode TRUE, | FALSE
TRUE : Change to OVERRIDE mode is forbidden. FALSE
FALSE: Change to OVERRIDE mode is permitted.

SIMI BOOL | Change to SIMULATION mode TRUE, | FALSE
TRUE : Change to SIMULATION mode is forbidden. FALSE
FALSE: Change to SIMULATION mode is permitted.

MLI BOOL | MV output low limit alarm TRUE, | FALSE
TRUE : Disable MV output low limit alarm detection. FALSE
FALSE: Enable MV output low limit alarm detection.

MHI BOOL | MV output high limit alarm TRUE, | FALSE
TRUE : Disable MV output high limit alarm detection. FALSE
FALSE: Enable MV output high limit alarm detection.

DVLI BOOL | Large deviation alarm TRUE, | FALSE
TRUE : Disable large deviation alarm detection. FALSE

FALSE: Enable large deviation alarm detection.
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FALSE: PV positive rate-of-change alarm is minor alarm.

Item Data Setting | Initial
: Contents

(variable name) | type range | value

DPNI BOOL | PV negative rate-of-change alarm (DPNA) TRUE, | FALSE
TRUE : Disable PV negative rate-of-change alarm detection FALSE
FALSE: Enable PV negative rate-of-change alarm detection

DPPI BOOL | PV positive rate-of-change alarm (DPPA) TRUE, | FALSE
TRUE : Disable PV positive rate-of-change alarm detection FALSE
FALSE: Enable PV positive rate-of-change alarm detection

PLI BOOL | PV input low limit alarm TRUE, | FALSE
TRUE : Disable PV input low limit alarm detection FALSE
FALSE: Enable PV input low limit alarm detection

PHI BOOL | PV input high limit alarm TRUE, | FALSE
TRUE : Disable PV input high limit alarm detection FALSE
FALSE: Enable PV input high limit alarm detection

LLI BOOL | PV.input low low limit alarm TRUE, | FALSE
TRUE : Disable PV low low limit alarm detection FALSE
FALSE: Enable PV low low limit alarm detection

HHI BOOL | PV input high high limit alarm TRUE, | FALSE
TRUE : Disable PV input high high limit alarm detection FALSE
FALSE: Enable PV input high high limit alarm detection

SEI BOOL | Sensor error alarm (SEA) TRUE, | FALSE
TRUE : Disable sensor error alarm detection FALSE
FALSE: Enable sensor error alarm detection

DMLI BOOL | MV output rate-of-change limit alarm (DMLA) TRUE, | FALSE
TRUE : Disable MV output rate-of-change limit alarm | FALSE

detection
FALSE: Enable MV output rate-of-change limit alarm
detection

ERRI BOOL | All alarms TRUE, | FALSE
TRUE : Disable all alarms detection FALSE
FALSE: Enable all alarms detection

MLL BOOL | MV output low limit alarm (MLA) level TRUE, | FALSE
TRUE : MV output low limit alarm is major alarm FALSE
FALSE: MV output low limit alarm is minor alarm

MHL BOOL | MV output high limit alarm (MHA) level TRUE, | FALSE
TRUE : MV output high limit alarm is major alarm FALSE
FALSE: MV output high limit alarm is minor alarm

DVLL BOOL | Large deviation alarm (DVLA) level TRUE, | FALSE
TRUE : large deviation alarm is major alarm FALSE
FALSE: large deviation alarm is minor alarm

DPNL BOOL | PV negative rate-of-change alarm (DPNA) level TRUE, | FALSE
TRUE : PV negative rate-of-change alarm is major alarm FALSE
FALSE: PV negative rate-of-change alarm is minor alarm

DPPL BOOL | PV positive rate-of-change alarm (DPPA) level TRUE, | FALSE
TRUE : PV positive rate-of-change alarm is major alarm FALSE
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Item Data oS Setting Initial (5) Parameter settings when using temperature/pressure correction
(variable name) | type range value
PLL BOOL | PV input low limit alarm (PLA) level TRUE, | FALSE Item Data Contents Setting Initial
TRUE : PV input low limit alarm is major alarm. FALSE (variable name) type range value
FALSE: PV input low limit alarm is minor alarm. TPC_PVTEMP | REAL Measured temperature -999999 0.0
PHL BOOL | PV input high limit alarm (PHA) level TRUE, | FALSE Input measured temperature (engineering variable) | to 999999
TRUE : PV input high limit alarm is major alarm. FALSE for temperature/pressure correction.
FALSE: PV input high limit alarm is minor alarm. TPC_PVPRES | REAL Measured pressure -999999 0.0
LLL BOOL | PV input low low limit alarm (LLA) level TRUE, | FALSE Input measured pressure (engineering variable) for | to 999999
TRUE : PV input low low limit alarm is major alarm. FALSE temperature/pressure correction.
FALSE: PV input low low limit alarm is minor alarm. TPC_SQR INT Temperature/pressure correction pattern Oto4 0
HHL BOOL | PV.input high high limit alarm (HHA) level TRUE, | FALSE 0: None,
TRUE : PV input high high limit alarm is major alarm. FALSE 1: Square root extraction,
FALSE: PV input high high limit alarm is minor alarm. 2: Temperature correction + square root extraction,
SENL BOOL | Sensor error alarm (SEA) level TRUE, | FALSE 3: Pressure correction + square root extraction,
TRUE : sensor error alarm is major alarm. FALSE 4: Temperature/pressure correction + square root
FALSE: sensor error alarm is minor alarm. extraction
DMLL BOOL | MV output rate-of-change limit alarm (DMLA) level TRUE, | FALSE TPC_TEMP REAL Design temperature -999999 0.0
TRUE : MV output rate-of-change limit alarm is major alarm. | FALSE Set the temperature specified in the design | to 999999
FALSE: MV output rate-of-change limit alarm is minor alarm. specification.
SPL BOOL | Stop alarm (SPA) level TRUE, | FALSE Use the same unit as measured temperature.
TRUE : Stop alarm is major alarm. FALSE TPC_B1 REAL Bias temperature -999999 273.15
FALSE: Stop alarm is minor alarm. Set the bias temperature to perform the correction | to 999999

calculation with absolute temperature.
Set to "273.15" when Celsius is used for the design
temperature and measured temperature.

TPC_PRES REAL Design pressure -999999 0.0
Set the pressure specified in the design specification. | to 999999
Use the same unit as measured pressure.

TPC_B2 INT Bias pressure -999999 10332.0
Set the bias pressure to perform the correction | to 999999
calculation with absolute pressure.

Set to "101.3" when kilo Pascal (kPa) is used for the
design pressure and measured pressure.

SQR_K REAL Sqauare root extraction: coefficient Oto 10.0
Set a coefficient of Square root extraction 999999
(Set to 10.0 when executing operation with
percentage (%).)

SQR_OLC REAL Square root extraction: output low cut-off value Oto 0.0
Output is cut off when the value becomes unstable | 999999
due to small input value.

Normally set to around 10.0.

SQR_DENSITY | REAL Square root extraction: density correction value Oto 1.0
Input a value of (design density / measured density). 999999
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(6) Parameter settings when using broken line and other compensation

TRUE: Derivation stop, FALSE: No processing

Item Data Setting Initial
. Contents
(variable name) type range value

FG_SN INT Input variable correction: humber of points Oto 48 0.0
Set the total number of points used in the
broken line correction processing.

FG_X1to FG_X48 REAL | Input variable correction: input coordinates | -999999 0.0
Set the input coordinates (X-coordinates) of the | to 999999
broken line correction processing.

FG_Y1to FG_Y48 REAL | output variable correction: output | -999999 0.0

coordinates to 999999
Set the output coordinates (Y-coordinates) of
the broken line correction processing.

LLAG_EN BOOL | Enable first order lag filter TRUE, FALSE
Set the Enable/Disable setting of first order lag | FALSE
filter to an input variable.

TRUE: Enable, FALSE: Disable

LLAG_T1 REAL | FEirst order lag filter time Oto 1.0
Set the lag time (second) of the first order lag | 999999
filter to an input variable.

PVCMP_EN BOOL | PV compensation execution condition TRUE, FALSE
Set the enable/disable setting of PV | FALSE
compensation processing.

Substitute compensation value to input variable
PV_CMPIN.
TRUE: Execute, FALSE: Stop

PVCMP_MODE INT PV compensation mode Oto1l 0
Select either addition or replacement of
compensation value which is substituted to
input variable PV_CMPIN.

0: Addition, 1: Replacement

PVDCMP_EN BOOL | APV compensation execution condition TRUE, FALSE
Set execute/stop of compensation to PV by the | FALSE
external compensation value difference (APV).

Substitute compensation value to input variable
PVD_CMPIN.
TRUE: Execute, FALSE: Stop

PID2H_PVTRK_EN BOOL | PV tracking execution condition TRUE, FALSE
Set execute/stop of PV tracking function that | FALSE
matches SV and PV to prevent sharp changes
of MV in control mode switching MANUAL —

AUTO
TRUE: Execute, FALSE: Stop

PID2H_ISTP BOOL | Integration stop signal TRUE, FALSE
Stop the operation of integral element. FALSE
TRUE: Integration stop, FALSE: No processing

PID2H_DSTP BOOL | Derivation stop signal TRUE, FALSE
Stop the operation of derivative element. FALSE

APP - 13
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Iltem Data Setting Initial
: Contents
(variable name) type range value
PID2H_LMT_ISTP BOOL | When MV rate-of-change limiter alarm TRUE, FALSE
occurred, select stop integration. FALSE
Stop the operation of integral element when MV
rate-of-change limiter alarm occurs and the
integral component is the same with the limit
direction.
TRUE: Stop, FALSE: Not stop
MVDCMP_EN BOOL | AMV compensation execution condition TRUE, FALSE
Set enable/disable compensation to velocity | FALSE
type output AMV of velocity type PID operation.
Substitute velocity type compensation value to
input variable MVD_CMPIN.
TRUE: Execute, FALSE: Stop
MVDCMP_MODE INT AMV compensation mode TRUE, FALSE
Select either addition or replacement of AMV | FALSE
compensation value.
Substitute AMV compensation value to input
variable MVD_CMPIN.
0: Addition, 1: Replacement
MVDGAINCMP_EN BOOL | AMV gain correction execution condition TRUE, FALSE
Set execute/stop of adjustment to velocity type | FALSE
output AMV of velocity type PID operation.
Substitute gain correction value to input variable
MVD_GAININ.
TRUE: Execute, FALSE: Stop
OUT3_MVCMP_EN BOOL | MV _compensation execution condition TRUE, FALSE
Set execute/stop of adjustment to position type | FALSE
output MV of velocity type PID operation.
Substitute compensation value to input variable
MV_CMPIN.
TRUE: Execute, FALSE: Stop
OUT3_MVCMP_MOD | INT MV _compensation mode Oto1l 0
Select either addition or replacement of
compensation value which is substituted to
input variable MV_CMPIN.
Substitute compensation value to input variable
MV_CMPIN.
0: Addition, 1: Replacement
OUT3_PREMV_EN BOOL | Preset MV _execution condition TRUE, FALSE
Set execute/stop of MV output preset MV | FALSE
switch.
Switch to value which is substituted to preset
MV output OUT3_PREMV_V.
TRUE: Execute, FALSE: Stop
OUT3_PREMV_V REAL | Preset MV 0to 100 0.0
Substitute preset MV.
(Unit: %)
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Item
(variable name)

Data
type

Contents

Setting
range

Initial
value

OUT3_MVHLD_EN

BOOL

MV hold execution condition

Set execute/stop to hold MV

When TRUE, hold MV in switching FALSE —
TRUE.

TRUE: Execute, FALSE: Stop

TRUE,
FALSE

FALSE

OUT3_MVTRK_EN

BOOL

MV tracking execution condition

Set execute/stop of MV output tracking input
switch.

Switch to a value which is substituted to MV
tracking input OUT3_MV_TRKIN.

TRUE: Execute, FALSE: Stop

TRUE,
FALSE

FALSE

OUT3_STP_OTYPE

INT

Output selection when loop stop/tag stop is

executed

Select MV output in tag stop by stop alarm
(SPA) or loop stop.
0: Hold, 1: Preset value

Otol

OUT3_SEA_OTYPE

INT

MV output selection when sensor error

OCccurs

Set a method for MV output in the occurrence
of sensor alarm (SEA).

0: Hold, 1: Preset MV output,

2: Do not hold nor output preset MV

Oto2

OUT3_ARW_EX_EN

BOOL

Pull MV internal operation value back, when

it exceeds MV internal operation high/low

limit value

Set execute/stop of pull back to proportion other
than integration, derivation by countermeasures
against reset windupreset windup.

TRUE: Execute, FALSE: Not execute

TRUE,
FALSE

FALSE

OUT3_MVPH

REAL

MV internal operation high limit value

Pull MV internal operation high limit value
back, when it exceeds MV internal operation
high/low limit value OUT3_ARW_EX EN is
TRUE, MV internal operation value exceeds MV
internal operation high/low limit value. (Unit: %)

MH to
999999

100.0

OUT3_MVPL

REAL

MV internal operation low limit value

Pull MV internal operation low limit value
back, when it exceeds MV internal operation
high/low limit value OUT3_ARW_EX EN is
TRUE, MV internal operation value exceeds MV
internal operation high/low limit value. (Unit :%)

-999999 to
ML

0.0

OUT3_MVREV_EN

BOOL

MV reverse execution condition

Set Execute/Stop of MV inverse processing
(100-MV).
TRUE: Execute, FALSE: Stop

TRUE,
FALSE

FALSE
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Appendix 2 Method to Show Data Other Than Tag Data in PX Developer Monitor
Here is an explanation about how to show data other than Tag Data in the Trend Graph.
Example. Display the value of D1000 as Integer type in PX Developer Monitor Tool

Stepl: Register D1000 as a Monitor Variable

{88 Monitor Tool Setting [Monitor Variable Setting]

Eile Edit Debue
User Setting il I
Monitor Target Praject Setting = :
OPS Setting Mo | Variable Name/Device | Data Type | Variable Type | Low Limit High Limit Digits after Decimal Point Unit| Cormment fad
| Monitar Variable Setting 15 [ D1000 INT - | Device -32768 32767 it
Cantral Panel Setting 2
Trend Setting 3
Alarm Setting 4
Event Setting s
User-created Screen Setting g
Unit Setting 2
Faceplate Display Pattern Setting
Faceplate Display Scale Setting g
Faceplate MY Characters Setting 8
Lockout Tag Setting 1..0
Option Setting i1
12 =
Ready 7

Step 2: Set the Monitor Variable in the Trend Setting.

B8 Monitor Tool Setting [Trend Settine] |:HE|W_]
File Edit Debue
User Setting Apply o —
Monitar Target Project Setting : —. _
OPS Setting | ltern | Contents [f-axis Scale Bottom Limil Y-axis =
Monitor Variahle Setting B Group 1
Control Panel Setting -~ Group Name Samplel
\Trend Setting ~  Sampling Period 15 i
Alarm Setting ~  Automatic C3Y File Export | Yes i
Event Setting - Graph Mot [G] D1ooo 0 0
Bsirécr;ated Screen Setting L Graph MNo.2 I
nit Setting
Faceplate Display Pattern Setting £ i
Faceplate Display Scale Setting R b
Faceplate My Characters Setting - Craphhos
Lockaut Tag Setting - Graph No6
Option Setting Graph ho.7
~  Graph No.B
[l Group 2
—  Group Name
~ Sampling Period
~  Automatic C5V File Export i
4 s
Ready )
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Appendix 3 MELSEC Process Control Product Selection Guide

Step 3: Confirm if the the value set in the step 2 is displayed in the Trend Graph Window.

This section explains the selection methods of process CPU/redundant CPU, redundant system,
Trend Graph - Samplel analog module, monitoring when programming the loop control with PX Developer.

Display Latest Value Gridline Interval Y-axis Scale Exportto CSY File Display CSY File A flgure below is an example of process control system with MELSEC process control.
2D1_1fD2fDS 18:30:03 _S_ampl_ing F'eriud: 1s |
Mo, ltem Data Unit M. ftem Data Unit PC for monitoring
71 D000 24649
r3 | | Ethernet
4 | | | I |
S T - : , MELSECNET/H (PLC network)
Process CPU
Monitoring nt CPU T Redundant CPU -
| == = iuf. ?u’ by . EEan Dl | e
MELSECNET/ H (Remote /O network),
Remote I/O statio- Module
-32768 | |
--------------------- Redundant System CELLLLILLLLLII e
. Local I/O system Remote I/0 configuration
Sample’
The trend data that iz being collected is displayed.

The following explains the selection methods.

Selection target Description of selection method

Process CPU Appendix 3.1 Selecting Process CPU, Redundant CPU

Redundant System Appendix 3.2 Selecting Redundant System

Analog Module Appendix 3.3 Selecting Analog Module
Appendix 3.4 Selecting Monitor Operation
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APPENDIX MELSEC-Q

Appendix 3.1 Selecting Process CPU, Redundant CPU

» Select Process CPU or Redundant CPU in accordance with system configuration.
- Then, select™ a CPU type name with regarding the number of loops as standard.
s Shown below describes the standard of corresponding loop number range.

Single configuration

Process CPU |

Appendix 4.3
Redundant Selecting analog
configuration module
5 10 20 40 80 No. of PID Loops (Standard)
L »|Redundant CPU |
Appendix 4.2
Selecting

redundant system

5 10 20 40 80 No. of PID Loops (Standard)

*1 For selecting CPU type name, a method of calculating FBD program steps to be created can be used.
For details, refer to Appendix 3.5.

APP - 19

Appendix 3.2 Selecting redundant system

» Select from Local I/O system and remote 1/O system.
- Select such as main base, power supply, cables which are in accordance with selected system.

Main Base

* | Power Supply
QOB

[o]m3

Redundant CPU | 4 | Main Base
QOPRHCPU QOB

QoP QOPRHCPU

Redundant system
local I/0O configuration
The CPU directly accesses /O

modules. Ideal for systems (’
requiring high-speed response.

*l Power Supplyl [ Redundant CPU l *

Local I/O System
or
emote 1/0 Syste

Redundant Type Extension Base
Q65WRB

J

Redundant Power Extension Base|
Q68RB

Redundant Power Supply
QORP

*[ Power Supply] [ Redundant CPU } *{ Main Basel * | Power Supply} [ Redundant CPU ]

QarP QOPRHCPU QOB [o]m] QOPRHCPU
Redundant system
remote I/O configuratio

[ . Main Base
Ideal for distributed systems with J ‘
multiple remote /O stations ‘

Tracking Cable] 7 Tracking cable
QcOTR

I MELSECNET/H (Remote Master Station)

v

QJ71LP210 or QJ72BR11

MELSECNET/H (Remote I/O Station)
QJ72LP250 or QJ72BR15

* When using redundant power supplies B = Redundant Power Extension Base

Redundant Power Supply
QORP

Redundant PowerMain Base
Q38B

Redundant Power Extension Base|
Q68RB

Extension Cable
QcOB

Redundant Power Supply
QORP

e

Appendix 3.3 Selecting analog module
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Appendix 3.3 Selecting analog module

« Select units in accordance with input signal type or points.

or

Non-isolated

Channel-isolate

Non-isolated

[ Channel-isolated analog module |

Channel-isolated

----- o Multichannel &4
8 ch

Multi-channel &g
Q68TD-G-HO1| I

i Multi-channel &
| Q68RD3-G |

MELSEC-Q

C Q63TD-G-H02)
----------------------------------- - Multi-channel o
— 6ch I
-----
Q64AD-GH [ ceatD | 064RD-G
Al
------------------------------------- - Wire break detection|
2 ch [062AD-DGH] [ Q62DA-FG |
Reetd Current/voltage With signal Current/voltage
Application s 9 Thermocouple RTD conditioning function output =
(2-wire transmitter
connectable)
—>|Channe|-isolated pulse input modulel
8ch
ApplicationI Pulse input I
(for pulse input such
as flowmeter)
| Analog module |
I-
8ch
6 ch [
4 ch [ o064AD | [ [ 064rD | [ Q64DAN
2 ch [
Application |  Currentivoltage RTD Current/voltage Current/voltage
input output input/output

Appendix 3.4 Selecting Monitor Operation

APP - 21

APPENDIX

Appendix 3.4 Selecting Monitor Operation

« Select monitor operation in accordance with system scale or use.

Monitor
with GOT

Monitor with
personal computer

Monitor with GOT1000 | '

—_
&0

GOT

Simple
monitor
or
Extensive
onito

Simple monitor
Extensive monitor

Monitor with PX Developer

Basic
Components

monitor tool and SoftGOT1000 ‘

Basic

GOT1000 series
(Resolution: SVGA, XGA)

FBD Package for Process Control
PX Developer

L]

Components

PC

Monitor with Commercial SCADA

APP - 22

l-i_i ‘l!z [ ]I}
|

GOT screen creation software
GT Designer2

Personal computer

FBD Package for Process Control
PX Developer

GOT screen creation software
GT Designer2

License key for GT SoftGOT1000

MELSEC-Q




APPENDIX APPENDIX

Appendix 3.5 (Supplementation) Selecting with the number of FBD program steps of <Rough number of steps per tag FB type>
Process CPU, Redundant CPU [Loop tag FB]
No. FB name Rough number of
The following describes the rough selection of Process CPU, Redundant CPU by the number of S
. 5 1|M_PID, M_PID_T. M_PID_DUTY, M_PID_DUTY_T 1,000
FBD steps when programming with PX Developer. 2 [ M_PIDP. M_PIDP_T. M_PIDP_EX_. M_PIDP_EX T_ 800
3| M_SPI. M_SPI_T 900
The procedure of rough selection is following. 4/ MIPD.MIPD T 900
Procedure 1: Calculate rough steps of FBD program 5| M_BPI. M_BPLT 900
Procedure 2: Rough selection of type of CPU with the rough number of steps 6 | M_2PID, M_2PID_T, M_2PID DUTY. M_2PID DUTY_T 1,000
7| MR, MR T 800
Procedure 1: Calculate rough steps of FBD program 8 | M_ONF2, M_ONF2 T 700
9 | M_ONF3., M_ONF3_T 700
. 10 | M_MONI 400
Calculate rough steps with a formula as shown below. 11 | M_MWM 600
12 | M_BC 500
Rough number of FBD program steps = Rough number of tag FB and module FB steps x (2 to 8) 13 | M_PSUM 300
14 | M_SEL, M_SEL T1, M_SEL T2 400
@ @D 15 | M_MOUT 300
16 | M_PGS 400
17 | M_PGS2_ 2,000
: 18 | M_2PIDH_. M_2PIDH_T 5,000
@ Rough step number calculation of tag FB and module FB 19 | M SWM_ 1500
The rough number of steps of tag FB and module FB = 20 | M_PFC_SF_ 2,800
(Unit: Step) 21 | M_PFC_SS_ 3,300
22 | M_PFC_INT_ 2,700
2 ( Rough number of steps per tag FB type + (30 x number of same tag FBs) ) (* PX Developer ver.1.21X or later)
+ X ( Rough number of steps per module FB type  + (30 x number of module FB) ) + 1,000 [Alarm tag FB, Message tag FB]
No. FB name Rough number of steps
. 1| M_ALARM 200
The number of fixed 2 | M_MESSAGE 500
steps for  system
management
[Status tag FB]
No. FB name Rough number of steps
1| M_NREV 800
2 | M_REV 900
3| M_MVAL1 800
4 | M_MVAL2 900
5| M_TIMER1., M_TIMER2 500
6 | M_COUNTER1, M_COUNTER2 500
7| M_PB_ 600

APP - 23 APP - 24



APPENDIX

< Rough number of steps per tag module FB type>

[Analog module FB]

No. FB name Corresponding module model name Rough number of steps
1| AIN_4CH Q64AD 400
2 | AIN_8CH Q68ADV/Q68ADI 400
3 | AIN_2CH_DG Q62AD-DGH 400
4 [ AIN_4CH_G Q64AD-GH 500
5 | AIN_6CH_DG Q66AD-DG 700
6 | AIN_8CH_G Q68AD-G 800
7 | AOUT_2CH Q62DA/Q62DAN 400
8 | AOUT_4CH Q64DA/Q64DAN 400
9 | AOUT_8CH Q68DAV/Q68DAVN/Q68DAI/QE68DAIN 500
10 | AOUT_2CH_G Q62DA-FG 500
11 | AOUT_6CH_G Q66DA-G 600
12 | AIN_4CH_AOUT_2CH | Q64AD2DA 1,700

[Temperature input module FB]

No. FB name Corresponding module model name Rough number of steps
1| TC_4CH Q64TD 400
2 | TCV_4CH Q64TDV-GH 500
3| TC_8CH_G Q68TD-G/Q68TD-G-H01/ Q68TD-G-H02 500
4 | RTD_4CH Q64RD/Q64RD-G 400
5 | RTD_8CH_G Q68RD3-G 500

[Counter module FB]

No. FB name Corresponding module model name Rough number of steps
1 | HIC_2CH QD62/QD62E/QD62D 500
2 | PIN.8CH_G QD60P8-G 1,900

[I/O module FB]

No. FB name Corresponding module model name Rough number of steps
1 | DIN_8PT QX28 200
2 | DIN_16PT QX10/QX40/QX40-S1/QX70/QX80 200
3 | DIN_32PT QX41/QX41-S1/QX71/QX81 200
4 | DIN_64PT QX42/QX42-S1/QX72/QX82/QX82-S1 200
5 | DOUT_8PT QY18A/QY68A 200
6 | DOUT_16PT QY10/QY22/QY40P/QY50/QY70/QY80 200
7 | DOUT_32PT QY41P/QY71/QY81P 200
8 | DOUT_64PT QY42pP 300
9 | DINOUT_64PT QH42P 200
10 | DINOUT_15PT QX48Y57 200
[CC-Link module FB]
No. FB name Rough number of steps
1| CCLINK_1 400
2 | CCLINK_2 500
3 | CCLINK_3 700
4 | CCLINK_4 900
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+Calculation example

. +Analog input 120 points

Tag FB type Number of tag
FBs
2-degree-of-freedom advanced PID control 30 (Loop)
(M_2PIDH )
Monitor (Indicator) 90 (Loop)
(M_MONI)
Motor irreversible, solenoid valve operation 50 (Loop)
(M_NREV)
Module FB type Number of
module FBs
Isolated analog input 30
Q64AD-GH (AIN_4CH G) (120 points)
Isolated analog output 15
Q62DA-FG (AOUT 2CH_G) (30 points)
Digital input 5
QX41 (DIN_32PT) (160 points)
Digital output 4
QY41P (DOUT _32PT) (128 points)

tag FB and module FB
(Unit: Step)

Rough number of steps of _ 3 (

* (

Rough number of steps
per tag FB type

" «Analog output 30 points

- Digital input 100 points + spare
- Digital output 100 points + spare

+ (30 x number of the same tag FB type))

Rough number of steps . (39 x number of the same module FB type)) + 1,000

per module FB type

(5,000+ (30x30tag))
(400 +(30x90tag))
(800+(30x50tag))
(500 + (30 x 30 module ) )
(500 + (30 x 15 module ) )
(200 + (30 x 5module))
(200 + (30 x 4 module ) )
1,000

+ 4+ 4+ + + + o+

15,320 steps

@ Calculation of FBD program rough steps

Rough number of steps
of FBD program

Rough number of steps of
tag FB and module FB

15,320 steps x(2 to 8)
30,640 to 122,560 steps

<4— M_2PIDH_minutes
<+— M_MONI minutes
<+— M_NREV minutes
<+— AIN_4CH_G minutes
<+— AOUT_2CH_G minutes
<— DIN_32PT minutes
<«— DOUT_32PT minutes

2 to 8 times are applied by consideration of other programs with correction operation FBs, functions
(such as logical operation, Arithmetic operation, Comparison, Selection) in addition to the programs
of tag FB and module FB.
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MELSEC-Q

Procedure 2: Rough selection of type of CPU with rough number of steps

(1) Rough selection standard
* QO2PHCPU

Rough number of steps < 5 i Number of
of tag FB and module / user-created

ladder steps

5 times is applied from the average of 2 to 8 times
mentioned in the previous page.

= QO6PHCPU

Rough number of steps 5 Number of
of tag FB and module X + user-created
/ ladder steps

5 times is applied from the average of 2 to 8 times
mentioned in the previous page.

* Q12PHCPU, Q12PRHCPU
Rough number of steps y 5 n Number of
of tag FB and module user-created
/ ladder steps

5 times is applied from the average of 2 to 8 times
mentioned in the previous page.

* Q25PHCPU, Q25PRHCPU

[?ough number of steps Number of

X 5
of tag FB and module ] + user-created
/ ladder steps

5 times is applied from the average of 2 to 8 times
mentioned in the previous page.
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< Program capacity of Q02PHCPU
(28K step) x 70%
= 20K step

The other 30% is regarded as margin.
(It is for increases of future
customization. Can be changed by
users)

< Program capacity of QQ6PHCPU
(60K step) x 70%

= 42K step f

The other 30% is regarded as margin.
(It is for increases of future
customization. Can be changed by
users)

< Program capacity of Q12PHCPU
(124K step) x 70%

=87K step f

The other 30% is regarded as margin.
(It is for increases of future
customization. Can be changed by
users)

< Program capacity of
Q25PHCPU

(252K steps) x 709
=17AK <tanc

The other 30% is regarded as margin.
(It is for increases of future
customization. Can be changed by
users)

APPENDIX
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(2) Selection example

1) When 10Kis set as the number of user-created ladder steps in the example of procedure 1

[13.32K X 5 ] + 10K
V\

= 76.6K steps < 87K steps (Rough selection standard for Q12PHCPU)

Number of User-created ladder steps

Therefore, select Q12PHCPU as rough selection standard.

2) When 50Kis set as the number of user-created ladder steps in the example of procedure 1

[ 13.32K  x 5 ] + 50K

\ Number of User-created ladder steps

= 116.6K steps < 176K steps (Rough selection standard for Q25PHCPU)

Therefore, select Q25PHCPU as rough selection standard.
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Appendix 4 Function Outline of Programming Tool/Monitor Tool

Appendix 4.1 List of programming tool functions

No. Functions Contents
1 | Project creation - Creates a new project
- Saves a project with a new name
« Opens a project
« Closes a project
- To set project parameters
- To set permission for program and user-defined FB
2 | Tag registration - Registers names (tag name) of loop control tag, digital control tag (such as motor
Irreversible/Motor Reversible tag, ON/OFF solenoid control tag) to be used in a
program
(Q12/25PHCPU, QnPRHCPU: maximum 480 tags, Q02/06PHCPU: maximum 120
tags)
3 | I/O module + Registers such as names of analog module/l/O module, module model name, head
registration start address used in programming tool of PX Developer. (Only modules on main base
or extension base can be registered)
4 | Global variable - Registers such as global variable name, data type used in a FBD program.
registration (maximum 32,000)
5 | GX Developer - Registers to assign label names (global label) in GX Developer to a FBD program
label assignment (global variable) in PX Developer to exchange data of a FBD program in PX
Developer and that of a ladder program in GX Developer with labels. (maximum
5,000)
6 | FBD program - Creates/edits FBD program, user-defined FB, user-defined tag FB by
creation/edit dragging/dropping FB/function from the parts window and then connecting them.
« As the edit function, copies/ deletes a program, user-defined FB/user-defined tag FB
and so on.
- Creates/edits (such as copy/delete) a structure.
- To set the initial values of FB parameters (such as P, |, D constants and high/low limit
value) as FB properties.
« Number of programs: maximum 200
« Number of sheets: maximum 32 sheets / program. Maximum paper size per sheet is
A3 X 2.
« The number of FBs, functions, variables/constant parts, comment parts, connectors to
be attached per sheet is unlimited.
- FB execution order can be displayed.
7 | Program execution - To set execution method/timing (such as Timer execution type, Interruption execution
setting type, execution cycle, event execution condition) of each program.
8 | Open a - Opens a GX Developer project and then creates/edits a ladder program, to set the
GX Developer network parameters.
project
9 | Compile - Compiles a created FBD program or a ladder program with labels created in GX
Developer, and then creates executable codes (ladder codes) for CPU.
10 | Download - Downloads compiled executable codes and symbolic data of FBD program to CPU.
11 | Upload - Reads complied executable codes and symbolic data of FBD program from CPU and
restores the project.
12 | Online monitor - Monitoring variables (includes tag data) in real-time is possible.
« Changing the contents of variables online is possible.
- Faceplate display is possible for tag FB.
- Reading current value of FB property in a batch /substitution for initial value of FB
property is possible with FB property management.
13 | Debug/diagnostics « Possible to stop/restart each FB
« When an error occurs in FBD program that is running, displaying error code/FB name
in where the error occurred is possible
14 | Cross reference - Displays the list of the places where variables are declared and used.
- Sort and filter display (display only the data that satisfies the specified condition) is
possible.
15 | Print - Prints the registered/set data, FBD program, user-defined FB/user-defined tag FB.
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Appendix 4.2 Screen configuration of programming tool

Project window

°E% Project Edit  Wie Disgram Corwert Online Disenostics  Tool Window Help

| D= A BB || &G () [00F -] & & aQ ._ F R 7

B dles &w
- | EEEEE®E

- To set such as project parameter, modules being used, tags,
program names, program execution interval.

[Z% MELSOFT Series PX Developer Programming Tool c¥MELSEC¥Fbdg¥MyProject¥l evel GontrolLevel Gontrolfpj/— [[Program] LEVEL GONTROL (Edit Mode)] =13

o 2 oo [ 9 !

im Level Gontrol

£ Praject Parameter
8 Module FB

‘| Tae FE
e Gilobal Variable

:_; G Developer Label Assienment
=1-i24 Program
o8 AUMLIARY PROCESSING
o LEVEL CONTROL
o2 MODULE_FE
# [ User-defined
g Frogram Execution Setting
G Developer Froject

1M ..

i [CHT: Flow metert
| i |GHZ: Flow Meter2
i |CH3: Level Meter

| Tnitial Value |«
100

e e

M_PGS 5
CASOUT

Lead-lag
----- =[HiDA_OUT_CHZ

<. FICOD1_LLAG. - . . ... BEECSTE o FU .|

Flow Control e

FICOM r

— [ E— x
| w L @ e
o=

Module FB
Tae FB

ALARKO0

"

Ficom

gl

FICoo

B

FICO0:

Level Control - Manufacturer FB Type | Function with EN/ENO ping | Function

T TR B 18
IN_HH 1100 | PGSO0Z - . . I
TH_H 1000 W_PGS 1wl = 009090 Ew R oE R R s
= e Ry, WA TR R
ML 00 cagmih e = R T e U
NLL -100 s e e S O = J
FIDI MTD an il
PID2_DVLS 21 Lo
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FB Property window

- To set initial values of data
in FB.

- Displaying and changing
the current values are
possible in monitoring.

Sheets

« Maximum 32 sheets
/ program

Program/FB definition window

Parts window

« The programs and user-defined
FBs are created in this window.
l
A program is a unit in which
process is described. Up to 200
programs can be created. One
program contains up to 32
sheets. A sheet is a form used to
paste FB/functions or connector
lines and to describe the
process. The program execution
methods, such as execution
cycle, can be set in this window.
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Appendix 4.3 List of monitor tool functions

tags

No. Functions Contents
1 | Number of « Number of CPUs (QnPH/QnPRH) under monitoring: maximum 16 CPUs*
monitoring CPU (Maximum 8 CPUs can be monitored per personal computer.)
modules *For redundant CPU, a control system and a standby system are counted in set for 1
CPU.
2 | Number of monitor | -« Maximum 7,680 tags (Maximum 480 tags / CPU x 16 CPUs) can be monitored.

Control panel

- Displays a faceplate simulating a process control device, and monitors/adjusts (such as
operation mode change, SV/MV change) loop control tags, digital control tags. The
pop-up tuning screen can be opened from this screen.

- 8 faceplates/screen (one group) x maximum 500 screens = maximum 4,000 faceplates

- Other than general monitoring (AUTO/MANUAL/CASCADE), monitoring/operation can
be executed in OVERRIDE mode/SIMULATION mode. When sensor
failure/disconnection, substitution operation such as inputting specified PV manually to
continue the operation can be executed in OVERRIDE mode. Simple check of loop
motion and so on can be executed in SIMULATION mode by returning the MV to PV
forcedly.

- Lockout tag is possible per faceplate unit.

Trend graph

-Displays time sequence change chart for tag data/global variable/device item values in
historical/real time trend graph format.

- 8 items / screen (one group) x maximum 125 screens = maximum 1,000 items

- Collection cycle: 1 sec. /10 sec. /1 min. /5 min. /10 min.

 Recordable time:

Sampling period 1 sec. 10 sec. 1 min. 5 min. 10 min.

Recordable time | 2.77 hours | 27.7 hours | 6.9 days | 34.7 days | 69.4 days

- The collected data can be output into a CSV file manually.

- Outputs the collected data in CSV format text file automatically.

Alarm list display

- Displays the list of maximum 2,000 alarm records (loop control tag alarm and alarm
messages for alarm tag).

- Tag faceplate on which an alarm is displayed can be displayed.

- The list can be output into a CSV file manually.

- Output the alarm contents in CSV format text file automatically when automatic alarm
CSV file export is set on Alarm/Event of the option settings.

Event list display

- Displays the list of maximum 2,000 event records (user operation history, event
messages for each digital tag and message tag).

- The list can be output into a CSV file manually.

- Output the event contents in CSV format text file automatically when automatic event
CSV file export is set on Alarm/Event of the option settings.

pop-up tuning
screen

7 | Start User - Starts an application program (such as graphic screen) which is created by users.
application (Maximum 4 programs can be started)
8 | Pop-up faceplate/ | - Displays a faceplate in the form of a pop-up window.

- Clicking the [Details] button displays the pop-up tuning screen.

- The pop-up tuning screen is composed of faceplate, tuning trend graph, and tag
monitor function.

- On the tuning trend graph screen, PV/IMV/SV of tag (loop) are displayed one after
another in the passing time sequence or with historical trend graph. The sampling
period is 1 second and, up to 20,000 points (5.5 hours) can be recorded. It can be
output in CSV format text file manually.

- The maximum number of tuning data collected with pop-up faceplate, tuning screen
simultaneously is 16. Desired 2 tuning screens out of them can be displayed
simultaneously.

- The contents of tag item are monitored online with its tag monitor. The contents of tag
item can be changed online.

- Auto tuning operation can be executed from the tuning screen. (For loop tags which
contains the auto tuning function only.)

Buzzer stop

- Stops alarm buzzer.

Print screen

- Hardcopies whole screen in the print display.
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monitoring

No. Functions Contents
11 | Screen align - Overlap the diagrams in display or redisplay after vertical arrangement. (Up to 4
screens)
12 | Find - Finds tags, control panels, and trend graphs.
13 | Manage Mode - Contains 3 modes of Lock/Operator/Engineer and limits the functions by switching the
modes.
14 | Tag data external | - ActiveX control for displaying the faceplate and the ActiveX control button to display the
I/F faceplate are prepared. Pasting them on the ActiveX control support tool of such as
Visual Basic® and then setting the property enables faceplate
display/monitoring/operation with the external applications. (The monitor tool of PX
Developer needs to be in execution status.)

- Reading tag data by tag name (such as "FIC001.PV") with Visual Basic® program is
possible.

- Writing tag data by tag name (such as " FIC001.SV") with Visual Basic® program is
possible.

15 | GOT screen « Generates a GOT screen (faceplate, control panel, trend graph screen, alarm list
generator screen, tuning screen, tag setting screen, program setting screen) project for
monitoring and tuning tags.

« GOT screen project can be generated automatically from PX Developer project by
using the monitor tool to execute simple setting such as placing screens and then
following the wizard to enter required items.

16 | Server/client - Large-scale process control systems can be configured with server/client monitoring.

« PC for monitoring: 2 servers (primary, secondary), 7 clients

« The number of connected process CPUs/redundant CPUs: up to 16 CPUs *
* For redundant CPU, a control system and a standby system are counted in set for 1
CPU.
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Appendix 4.4 Screen configuration of monitor tool

Monitor toolbar Alarm and event display

- Icons that call out each monitor - The latest two alarms or event
function are displayed. messages are displayed.

"4 Friday. Sentember 24, 2010 7
1:63:02 PH !

Itew | Data |Unit #uto Tuning | Gridline Interval ‘ Y-axis Scale
L
M 45.
Sy 45.
MH 100.

a
1
z
3
4
0 L 0.
&
7
]
]

B liacied Tag Lot | Fos o o0 i I LIC001

2010/08/24 15:52:12

& il Col lecting...
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5.0 % Clear
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0
i]
0
1]
0
0
PL 0.0
HH 1mn0.0
i]
1]
0
i]
]
0

_ LL 0.
10| SH 100.
1] st .

[

Monitor function display area

« Each monitor function (control panel/trend graph/faceplate/
tuning panel/alarm list/event list screen) is displayed
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Appendix 5 Function Outline of GOT Screen Generator

The GOT screen generator function allows GOT1000 to easily monitor/control projects created with
PX Developer. Applying environmental degradation resistance GOT1000 enables to monitor the
equipment and worksites. A screen project of GOT1000 screen design software “GT Designer2” can
be created automatically with the GOT screen generator function of PX Developer monitor tool.

The following describes the feature of the GOT screen generator function.

Equipment/shop floor monltoring by GOT1000
GOT1000 can be used for monitoring equipment and shop floor.

OEDoEl oSO E 0w

Easy to create GOT1000 process control monitoring screens
- Faceplates and tuning screens for GOT1000 can be automatically generated from PX Developer projects.
- Tag's assigned device settings or programs are not needed for the auto-generated screens.

*Only CPU which is connectad to the host station can be monitorad.
Muitiple CPUs which ars connacted to othar stations cannot be monitored.

PX Developer

GOT1000

Ll BT

wnicums to GOT Scrman Caneratar
Wirmrd

Lo p—
s

-N R0 I-m 0 00 00 B

Lc) ks
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The following screens can be generated with the GOT screen generator function.

Faceplate Confrol panel screen

P ] s

O EEIED EEEEE OO

Tag setfting screen
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Alarm list screen

MELSEC-Q

APPENDIX MELSEC-Q

Appendix 6 Interaction between Monitor Tool and GOT SoftGOT1000

The interaction function between the monitor tool and GT SoftGOT1000 calls the monitor tool
function of PX Developer from GT SoftGOT1000 and starts GT SoftGOT1000 from the monitor tool
of PX Developer with specifying the base screen. Monitoring with a personal computer is possible.

PX Developer Monitor tool,
GT SoftGOT1000

v

GOT screens can be used

/ L ) 0

S & __ R &
b

The graphic screen for GT SoftGOT1000 can be created with GT Designer2. A created screen
which is used for such as work space monitoring can be used without modification.

(Example)

i [ Wednesday, Januay 10, 2007 ol ]

Monitor toolbar

Switches the GT SoftGOT1000
base screen.

GT SoftGOT1000 base screen

A grephic screen that is displayed
full-screen on the desktop.

Main menu

.
Faceplate screen GT SoftGOT1000 touch switch
Monitors or operates tags Pops up each screen
and performs tuning. for Monitor tool.
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Appendix 7 Interaction between Monitor Tool and Graphic Screen Created in Visual
Basic®

The combination of PX Developer monitor tool and a graphic screen created in MX Component
(ActiveX library for MELSEC communication) + Visual Basic® language (hereafter written VB)
configures the monitor function.

Register a graphic screen created in MX Component + VB in "1) User application start button” in the
monitor tool and then display the graphic screen by clicking the button. To display "4) Faceplate”,
which corresponds to the tag on the graphic screen, paste "3) ActiveX parts button to display the
faceplate, and then display the faceplate by clicking the button. MX Component is ActiveX library
for MELSEC communication of our product, can be accessed from VB to a device memory of
MELSEC.

1) User application start button 2) Faceplate find button

- Enter a tag name to
search a faceplate

‘L Friday, r.«lagggg'gg?y'i‘i. win E
L . Monitor toolbar

o Applications such as the graphic
screen can be registered up to 4

HERECC

@8 7
@—E ;E/ /ﬁ/_,{j,’,’l.g .
i) HE = /5 l
o ] | >

l Graphic screen
(Created by user

with methods
explained above
-3

3) ActiveX part button to display the faceplate 4) Faceplate

e Prepared in the monitor tool. Pasting it on VB o A standard function of monitor tool

and then setting a tag name displays faceplate
by clicking the button.

Tag data can be read by entering a tag name such as "FIC001.PV" to method function (read tag
data function) for Visual Basic® language. Also, Tag data can be written by entering a tag name
such as "FIC001.SV" to method function (read tag data function) for Visual Basic® language.
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Appendix 8 Program Execution Functions

Appendix 8.1 Program structure

The following diagram shows the program structure to be created by users with PX Developer.

Project

— Program 1 —

— Program 2 —

— Program 200 —

— Sheet 1
— Sheet 2
— Sheet 3

— Sheet 32
— Local variable list

— Sheet 1
— Sheet 2
— Sheet 3

— Sheet 32
— Local variable list
— Sheet 1
— Sheet 2
— Sheet3 ——

— Sheet 32

— Local variable list

[z MELEOFT Series PX Developer Programming Tool ¢ ¥MELSEC¥Fbdg¥MyProject¥Equipment_ A¥Equipment_A.fpj

PBroject Edit Wiew Disgram Convert Online Dissnosties Ieol Mindaw Help

i#: [Program] REACTOR (Edit Mode)

<

TRERTFROFROFTNT
OOOOOOOCTNDTNTT

=¥ Fressurization ﬁ Local Variable

FB/function
FB/function
FB/function

FB/function

FB/function
FB/function
FB/function

FB/function

FB/function
FB/function
FB/function

FB/function

Fa]
> Drainage pumN = HeXNer YRive =3 Motor- [ Local varisble

operated valve

Sheets
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(1) Create one group of programs to be executed in Process/Redundant CPU as a project, register
programs under the project. The number of programs which can be registered under one project is
maximum 200; however, the capacity and the number of files to be written are limited depending on
CPUs.

(2) One program contains up to 32 program sheets and 1 local variable list sheet, and users program by
pasting FB/function to program sheets. Local variables used in the program sheets are displayed on
the local variable list sheet.

(3) The differences between FB and function are as follows.

FB Function
- Software part which contains internal memory. - Software part which does not contain internal
+« When same values are input to FBs, output | memory.
values are changed depending on internal | - When same values are input to FBs, output
memory value. values do not changed.
- Creating user original FB and categorizing parts | - Creating user original FB and categorizing parts
into hierarchical structure are possible. into hierarchical structure are not possible.
(Creates a FB by using FBs/Functions)

(4) Classification of FB and function

Process FB

Module FB
User-defined FB —[ General FB

Tag FB

FB Manufacturer FB —E General FB

Manufacturer FB | FBs that are contained in PX Developer (Library)
General FB | |EC61131-3 standard (FBD standard) FBs such as Bistable, Timer,
Counter and FBs for message communication among multiple

process CPUs.

Process FB | FB for loop control such as PID operation, correction operation
Module FB | FB for I/O processing such as analog module, I/O module
User-defined FB | FBs created by users in PX Developer

General FB | FBs with user generated processing other than loop control
Tag FB FBs with user generated loop controls such as PID operation

Function —I: General function
Process function

General function IEC61131-3 standard (FBD standard) functions such as
Logical operation, Arithmetic operation,
Selection/Comparison, and functions for ladder program
execution control.

Helper function for loop control (such as high selector/low

selector/middle value selection)

Process function
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<General function>

1) Type conversion function (_E indicates the function with Enable.)

No.

Function name

Description

INT_TO_REAL(_E)

Convert data type INT to REAL.

DINT_TO_REAL(_E)

Convert data type DINT to REAL.

INT_TO_DINT(_E)

Convert data type INT to DINT.

DINT_TO_INT(_E)

Convert data type DINT to INT.

INT_TO_BCD(_E)

Convert data type INT to BCD.

DINT_TO_BCD(_E)

Convert data type DINT to BCD.

INT_TO_WORD(_E)

Convert data type INT to WORD.

DINT_TO_WORD(_E)

Convert data type DINT to WORD.

O|lONO|OBA|W|I N

INT_TO_DWORD(_E)

Convert data type INT to DWORD.

[Eny
o

DINT_TO_DWORD(_E)

Convert data type DINT to DWORD.

[N
[

INT_TO_BOOL(_E)

Convert data type INT to BOOL.

[ERN
N

DINT_TO_BOOL(_E)

Convert data type DINT to BOOL.

[EnY
w

REAL_TO_INT(_E)

Convert data type REAL to INT.

[EnY
N

REAL_TO_DINT(_E)

Convert data type REAL to DINT.

[EnY
&)

BCD_TO_INT(_E)

Convert data type BCD to INT.

[EnY
()]

BCD_TO_DINT(_E)

Convert data type BCD to DINT.

[EnY
~

WORD_TO_INT(_E)

Convert data type WORD to INT.

[N
[oe]

WORD_TO_DINT(_E)

Convert data type WORD to DINT.

[EnY
(o]

WORD_TO_BOOL(_E)

Convert data type WORD to BOOL.

N
o

DWORD_TO_BOOL(_E)

Convert data type DWORD to BOOL.

N
[y

DWORD_TO_INT(_E)

Convert data type DWORD to INT.

N
N

DWORD_TO_DINT(_E)

Convert data type DWORD to DINT.

N
w

WORD_TO_DWORD(_E)

Convert data type WORD to DWORD.

N
i

DWORD_TO_WORD(_E)

Convert data type DWORD to WORD.

N
ol

INT_TO_STRING(_E)

Convert data type INT to STRING.

N
»

DINT_TO_STRING(_E)

Convert data type DINT to STRING.

N
~

REAL_TO_STRING(_E)

Convert data type REAL to STRING (exponent form).

N
(oo}

REAL_TO_STRING_EX(_E)

Convert data type REAL to STRING (decimal point form).

N
©

STRING_TO_INT(_E)

Convert data type STRING to INT.

w
o

STRING_TO_DINT(_E)

Convert data type STRING to DINT.

w
iy

STRING_TO_REAL(_E)

Convert data type STRING to REAL.

w
N

BOOL_TO_INT(_E)

Convert data type BOOL to INT.

w
w

BOOL_TO_DINT(_E)

Convert data type BOOL to DINT.

w
D

BOOL_TO_WORD(_E)

Convert data type BOOL to WORD.

w
a1

BOOL_TO_DWORD(_E)

Convert data type BOOL to DWORD.
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2) Numerical operation function (_E indicates the function with Enable.) 7) Comparison function (_E indicates the function with Enable.)

No. Function name Description No. Function name Description
1| ABS(_E) Absolute value 1|>CE) Comparison >
2 | SQRT(E) Square root g i:(EE) gompar@son E
3 | LN(E) Natural logarithm (e) 4 ;(;L)E) Cgmgg:zgg _s
4 | LOG(_E) Common logarithm (10) 51 <(E) Comparison <_
5 | EXP(_E) Natural exponential 6 | <>(_E) Comparison #
6 | SIN(_E) SIN (sine) operation
7 | COS(_E) COS (cosine) operation . . L . .
8 [ TAN( E) TAN (tangent) operation 8) Character string function (_E indicates the function with Enable.)
9 | ASIN(_E) SINT (principal arc sine) operation No.l LEN(_E)F“”CtiO" Name Detect and output the inp tsltjr('ansg(;:rligrtligt?l
T - - utpu input stri .
i(l) 2_'? A(\)NS((__EE)) '(IEAC\)I\IS T (;ﬁ::;g);l;ft;izgﬁt)) %F;eefzft'i(::] 2 | LEFT(E) Output spec?ﬁed number of characters from I_eftmosted.
3 | RIGHT(_E) Output specified humber of characters from rightmosted.
4 | MID(_E) Output specified number of characters from specified position.
3) Arithmetic operation function (_E indicates the function with Enable.) 5 | CONCAT(_E) Concatenate two characters.
- o 6 | INSERT(_E) Insert characters.
No. Function name Description 7 | DELETE( E) Delete substring.
1 | ADD(E) Addition 8 | REPLACE(_E) Replace characters.
2 | MUL(E) Multiplication 9 | FIND(_E) Find characters.
3 | SUB(_E) Subtraction
4 | DIVCE) Division _ 9) Helper function (_E indicates the function with Enable.)
5 | MOD(_E) Modulus Operation = =
No. Function name Description
1 | UNBIND(_E) Unbind WORD type data into 16 BOOL type data.
4) Bit-string function (_E indicates the function with Enable.) 2 | BIND(_E) Arrange the 16 BOOL type data into WORD/DWORD type data
No. Function name Description (low-order word). -
- 3 | MAKE_DWORD(_E) Merge 2 WORD type data into 1 DWORD type data.
1] SHLCE) Shift left 4 | H_ WORD(_E) Output the high-order word of DWORD type data.
2 | SHR(E) Shift right 5 | LO_WORD(_E) Output the low-order word of DWORD type data.
3 | ROL(_E) Rotate left 6 | IS CONNECTED( E) Output the connection statuses of input pin.
4 | ROR(_E) Rotate right
10) Ladder program control function (_E indicates the function with Enable.)
5) Logical operation function (_E indicates the function with Enable.) No. Function name Description
No. Eunction name Description 1| CALL_DINT(_E) Subroutine program call (DINT type argument).
1| AND(E) And 2 | CALL_REAL(_E) Subroutine program call (REAL type argumen.t).
2 | OR(E) OR 3 | PSCAN(_E) Set a sequence program !nto the scan execution mode.
4 | PSTOP(_E) Set a sequence program into standby mode.
3 | XOR(E) XOR 5 | POFF(_E) Set a sequence program into standby mode including reset of the
4 | NOT(E) NOT outputs.
6 | PLOW(_E) Set a sequence program into the low-speed execution mode.
6) Selection function (_E indicates the function with Enable.)
No. Function name Description
1| SEL(_E) Input value selection
2 | MAX(_E) Maximum value selection
3 | MIN(_E) Minimum value selection
4 | LIMIT(_E) High/low limit control
5 | MUX(_E) Multiplexer
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<General FB>
1) Bistable FB

No. FB name Description
1| SR SR flip-flop
2 | RS RS flip-flop
3 | LATCH_BOOL Latch (BOOL type)
4 | LATCH_REAL Latch (REAL type)
5 | LATCH_WORD Latch (WORD type)
6 | LATCH_DWORD Latch (DWORD type)
2) Edge detection FB
No. FB name Description
1| R_TRIG Rising edge detector
2 | F TRIG Falling edge detector
3 | EDGE_CHECK Edge detection input
3) Counter FB
No. FB name Description
1|CTU Up-counter
2 | CTD Down-counter
3| CTUD Up-down-counter
4) Timer FB
No. FB name Description
1| TP_HIGH Pulse timer (high-speed timer)
2| TP_LOW Pulse timer (low-speed timer)
3 | TON_HIGH ON delay timer (high-speed timer)
4 | TON_LOW ON delay timer (low-speed timer)
5 | TOF_HIGH OFF delay timer (high-speed timer)
6 | TOF_LOW OFF delay timer (low-speed timer)

5) Communication control FB

No. FB name Description
1| SEND Sending data to PLC CPUs of other stations (maximum 16 words)
(on MELSECNET/10, H, Ethernet)
2 | RECV Receiving data from PLC CPUs of other stations (maximum 16

words)
(on MELSECNET/10, H, Ethernet)
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<Process function>

1) Analog value selection and average value function

P_MID_E (with Enable)

No. Function name Description
1|P_HS High selector
P_HS E (with Enable)
2| P_LS Low selector
P_LS_E (with Enable)
3| P_MID Middle value selection

4| P_AVE

P_AVE_E (with Enable)

Average value

5| P_ABS

P_ABS E (with Enable)

Absolute value
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<Process FB> [Tag access FB]
1) I/O control operation FB
[General process FB] No. FB name Description
1) Correction operation FB 1/ PN Analog input processing I _ . .
N FB 5) o 2| P_OUT1 Output processing-1 with mode switching (with integration/Anti Reset Windup)
0. name - escription 3| P_OUT2 Output processing-2 with mode switching (without integration/Anti Reset
1| P FG Function generator Windup)
2| P_IFG Inverse function generator 4 P_OUT3_ Output processing-3 with mode switching (with MV compensation/
3| P FLT Standard filter (moving average) . . . . )
- - - - integration/Anti Reset Windup/Tight shut/Full open)
4 | P_ENG Engineering unit conversion 5P MOUT Manual outout
5| P_IENG Inverse engineering unit conversion 6 P DUTY T.a ual ou ptg - r—
6 | P TPC Temperature/pressure correction = TP PSUM mee prc:por |tc?n|ng outpu
7 | P_SUM Summation (analog integration) 8P BC Bgtiﬁ I:oi?]:zrlon
8 | P_SUM2_ Summation (analog integration) Internal integer integration 9 P MSET M | sett
9 | P_RANGE_ Range conversion anua’ setter
2) Arithmetic operation FB 2) Loop control operation FB
o No. FB name Description
No. FB name Description - - - -
1| P_ADD Addition for process (with coefficient) 1 E—E (_\I'_V I(t\r/]v(i)tﬂtttrrzfcckkilnngg t?;fr?r:]nzfryllc?c?g))) Ratio control
2|P_SUB Subt.ra.ctlo.n for process (W'th coefflc!ept) 2 P:PI_D (without tracking to primary loop) Velocity type PID control
3| P _MUL Multiplication for process (with coefficient) P_PID T (with tracking to primary loop)
4| P DV Division for process (with c_oef'n(:ler]t)_ 3 P:ZPIIS (without tracking to primary loop) 2-degree-of-freedom PID control
5] P_SOR Square root for process (with coefficient) P_2PID_T (with tracking to primary loop)
4 | P_2PIDH_ (without tracking to primary loop) 2-degree-of-freedom advanced PID control
3) Comparison Operation FB P_2P|DH_T_ (with traC.king to primary loop) _
N FB D on 5 | P_PIDP (without Tracking to primary loop, Position Type PID control
0. fame escription without tracking from secondary loop)
1P > Compare greater than process (with setting value) P_PIDP_T (with tracking to primary loop
2| P < Compare less than process (with setting value) - “without tracking from secondar;/ loop)
3|P = Compare equal to process (with setting value.) ' 6 | P_PIDP_EX_ (without tracking to primary loop, | Position Type PID control
4| P >= Compare greater than or equal to process (with setting value) with tracking from secondary loop)
5| P <= Compare less than or equal to process (with setting value) P_PIDP_EX_T_ (with tracking to primary loop,
with tracking from secondary loop)
4 ntrol ration FB 7 | P_SPI (without tracking to primary loop) Sample PI control
) Control operatio __ P_SPI_T (with tracking to primary loop)
No. FB name : Description 8 | P_IPD (without tracking to primary loop) I-PD control
1| P_LLAG Lead-lag compensation P_IPD_T (with tracking to primary loop)
2Pl Integral 9 | P_BPI (without tracking to primary loop) Blend P!I control
3|PD Derivative _ P _BPI T (with tracking to primary loop)
4 | P_DED Dead time operation 10 | P_PHPL High/low limit alarm check
5| P LIMT High/low limiter 11 | P_ONF2 (without tracking to primary loop) 2 position ON/OFF
6 | P_VLMT1 Rate-of-change I!m!terl . B P_ONF2_T (With tracking to primary loop)
7 | P_VLMT2 Rate-of-change limiter2 (with output limitation) 12 | P_ONF3 (without tracking to primary loop) 3 position ON/OFF
8 | P DBND Dead band P_ONF3_T (with tracking to primary loop)
9 | P BUMP Bumpless transfer (Bumpless switch control) 13 | P_PGS Program setter
10 | P_AMR Analog memory (Increase or decrease output value by certain ratio.) 14 | P PGS2 Multi-point program setter
15 | P_SEL (without tracking to primary loop) Loop Selector
P_SEL_T1 (with tracking to primary loop) 1 tracking for P_SEL_T1
P_SEL_T2 (with tracking to primary loop) Up to 2 trackings for P_SEL_T2
16 | P_ PFC_SF_ Predictive functional control (simple first order lag)
17 | P_PFC_SS Predictive functional control (simple second order lag)
18 | P PFC_INT _ Predictive functional control (Integral process)
3) Special FB
No. FB name Description
1| P _MCHG Control mode change
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[Tag FB]
1) Loop tag FB
No. FB name Description
1 | M_PID (without tracking to primary loop) Velocity type PID control (with auto tuning)
M_PID_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_PID + P_OUT1 as a
single FB.)
2 | M_PID_DUTY (without tracking to primary loop) | Velocity type PID control (Time proportioning output type,
M_PID_DUTY_T (with tracking to primary loop) with auto tuning)
(P_IN+P_PHPL +P_PID + P_DUTY as a single FB)
3 | M_2PID (without tracking to primary loop) 2-degree-of-freedom PID control (with auto tuning)
M_2PID_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_2PID + P_OUT1 as
a single FB.)
4 | M_2PID_DUTY (without tracking to primary loop) | 2-degree-of-freedom PID control (Time proportioning output
M_2PID_DUTY_T (with tracking to primary loop) | type, with auto tuning)
(Taking function of P_IN + P_PHPL + P_2PID + P_DUTY as
a single FB.)
5 | M_2PIDH_ (without tracking to primary loop) 2-degree-of-freedom advanced PID control (with auto tuning)
M_2PIDH_T_ (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_2PIDH + P_OUT3
as a single FB and then adding PV/MV correction to it.)
6 | M_PIDP (without tracking to primary loop) Position type PID control
M_PIDP_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_PIDP as a single FB.)
7 | M_PIDP_EX_ (without tracking to primary loop) Position type PID control
M_PIDP_EX_T_ (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_PIDP_EX_as a
single FB.)
8 | M_SPI (without tracking to primary loop) Sample PI control
M_SPI_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_SPI + P_OUT1 as a
single FB.)
9 | M_IPD (without tracking to primary loop) I-PD control
M_IPD_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_IPD + P_OUT1 as a
single FB.)
10 | M_BPI (without tracking to primary loop) Blend PI control
M_BPI_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_BPI + P_OUT1 as a
single FB.)
11 | M_R (without tracking to primary loop) Ratio control
M_R_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_R + P_OUT2 as a
single FB.)
12 | M_ONF2 (without tracking to primary loop) 2 position ON/OFF control
M_ONF2_T (with tracking to primary loop) (Taking function of P_IN + P_PHPL + P_ONF2 as a single FB.)
13 | M_ONF3 (without tracking to primary loop) 3 position ON/OFF control
M_ONF3_T (with tracking to primary loop) (Taking function of P_IN+P_PHPL+P_ONF3 as a single
FB.)
14 | M_MONI Monitor (Indicator)
(Taking function of P_IN + P_PHPL as a single FB.)
15 | M_MWM Manual output with monitor
(Taking function of P_IN + P_PHPL + P_MOUT as a single FB.)
16 | M_BC Batch preparation
(Taking function of P_PSUM + P_BC as a single FB.)
17 | M_PSUM Pulse integrator
18 | M_SEL (without tracking to primary loop) Loop selector
M_SEL_T1 (with tracking to primary loop) 1 tracking for M_SEL_T1
M_SEL_T2 (with tracking to primary loop) Up to 2 trackings for M_SEL_T2
19 | M_MOUT Manual output
20 | M_PGS Program setter
21 | M_PGS2 Multi-point program setter
22 | M_SWM_ Manual setter with monitor
(P_IN+P_PHPL+P_MSET _as asingle FB.)
23 | M_PFC_SF_ Predictive functional control (simple first order lag)
(P_IN+P _PHPL+P PFC SF asasingle FB.)
24 | M_PFC_SS_ Predictive functional control (simple second order lag)
(P_IN+P _PHPL+P PFC _SS_asasingle FB.)
25 | M_PFC_INT_ Predictive functional control (Integral process)
(P_IN+P PHPL+P PFC INT_as asingle FB.)
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2) Status tag FB

No. FB name Description
1| M_NREV Motor irreversible (2 Input, 2 Output)
2 | M REV Motor reversible (2 Input, 3 Output)
3| M _MVALL ON/OFF operation (2 Input, 2 Output)
4 | M_MVAL2 ON/OFF operation (2 Input, 3 Output)
5| M_TIMER1 Timer 1 (Timer stops when COMPLETE flag is ON)
6 | M_TIMER2 Timer 2 (Timer continues when COMPLETE flag is ON)
7 | M_COUNTERL1 Counter 1 (Counter stops when COMPLETE flag is ON)
8 | M_COUNTER2 Counter 2 (Counter continues when COMPLETE flag is ON)
9| M PB_ Push button operation (5 Input, 5 Output)
3) Alarm tag FB
No. FB name Description
1| M _ALARM 8 pins alarm tag
4) Message tag FB
No. FB name Description
1| M_MESSAGE 8 pins message tag
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<Module FB>

1) Analog Module FB

APPENDIX

4) Digital /0 Module FB

No. FB name Description

1| DIN_8PT Read from 8 points digital input module.
(Corresponding module: QX28)

2 | DIN_16PT Read from 16 points digital input module.
(Corresponding module: QX10/QX40/QX40-S1/QX70/QX80)

3 | DIN_32PT Read from 32 points digital input module.
(Corresponding module: QX41/QX71/QX81)

4 | DIN_64PT Read from 64 points digital input module.
(Corresponding module: QX42/QX72)

5 | DOUT_8PT Write to 8 points digital output module.
(Corresponding module: QY18A/QY68A)

6 | DOUT_16PT Write to 16 points digital output module.
(Corresponding module: QY10/QY22/QY40P/QY50/QY70/QY80)

7 | DOUT_32PT Write to 32 points digital output module.
(Corresponding module: QY41P/QY71/QY81P)

8 | DOUT_64PT Write to 64 points digital output module.
(Corresponding module: QY42P)

9 | DINOUT_64PT Read from/ write to 32 points input/32 points output I/O mixed module.
(Corresponding module: QH42P)

10 | DINOUT_15PT Read from/ write to 8 points input/7 points output I/O mixed module.

(Corresponding module: QX48Y57)

5) CC-Link module FB

No. FB name Description
1| AIN_4CH Read analog data from 4-channel analog input module. (Corresponding module:
Q64AD)
2 | AIN_8CH Read analog data from 8-channel analog input module.
(Corresponding module: Q68ADV/Q68ADI)
3 | AIN_4CH_G Read analog data from channel-isolated-4-channel analog input module.
(Corresponding module: Q64AD-GH)
4 | AIN_8CH_G Read analog data from channel-isolated-8-channel analog input module.
(Corresponding module: Q68AD-G)
5| AIN_2CH_DG Read analog data from channel-isolated-2-channel analog input module with signal
conditioning function.
(Corresponding module: Q62AD-DGH)
6 | AIN_6CH_DG Read analog data from channel-isolated-6-channel analog input module with signal
conditioning function.
(Corresponding module: Q66AD-DG)
7 | AOUT_2CH Write analog data to 2-channel analog output module.
(Corresponding module: Q62DA/Q62DAN)
8 | AOUT_4CH Write analog data to 4-channel analog output module.
(Corresponding module: Q64DA/Q64DAN)
9 | AOUT_8CH Write analog data to 8-channel analog output module.
(Corresponding module: Q68DAV/Q68DAVN/Q68DAI/QE68DAIN)
10 | AOUT_2CH_G Write analog data to channel-isolated-2-channel analog output module.
(Corresponding module: Q62DA-FG)
11 | AOUT_6CH_G Write analog data to channel-isolated-6-channel analog output module.
(Corresponding module: Q66DA-G)
12 | AIN_4CH_AOUT_2CH Read/write analog data from/to analog input/output module (Input 4 channels, Output

2 channels).
(Corresponding module: Q64AD2DA)

No. FB name Description
1| CCLINK_1 Data communication with remote station occupying 1 station.
(Read from/ write to buffer memory of CC-Link master module.)
2 | CCLINK_2 Data communication with remote station occupying 2 stations.
(Read from/ write to buffer memory of CC-Link master module.)
3 | CCLINK_3 Data communication with remote station occupying 3 stations.
(Read from/ write to buffer memory of CC-Link master module.)
4 | CCLINK_4 Data communication with remote station occupying 4 stations.

(Read from/ write to buffer memory of CC-Link master module.)

2) Temperature input module FB
No. FB name Description

1| TC_4CH Read temperature data from 4-channel thermocouple input module.
(Corresponding module: Q64TD)

2| TC_8CH_G Read temperature data from channel-isolated-8-channel thermocouple input module.
(Corresponding module: Q68TD-G-H01/Q68TD-G-H02)

3 | TCV_4CH Read temperature data from channel-isolated-4-channel temperature/micro-voltage
input module (mV can be directly input)
(Corresponding module: Q64TDV-GH)

4 | RTD_4CH Read temperature data from 4-channel temperature input module.
(Corresponding module: Q64RD/Q64RD-G)

5| RTD_8CH_G Read temperature data from channel-isolated-8-channel temperature-measuring

resistor input module.
(Corresponding module: Q68RD3-G)

3) Counter module FB

No. FB name Description
1 | HIC_2CH Read pulse count data from 2-channel high-speed counter module.
(Corresponding module: QD62/QD62E/QD62D)
2 | PIN_8CH_G Read pulse count data from channel-isolated-8-channel pulse input module.

(Corresponding module: QD60P8-G)
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(Note) Module FBs other than I/O module FB are applicable to a main base where Process CPU is
mounted on and a module which mounted on an extension base only, however, not applicable to
modules mounted on a main/extension base of MELSECNET/H remote station. For I/O module FB,
applicable to modules mounted on main/extension base of both Process CPU and MELSECNET/H
remote station.

Data communication between analog/temperature input/counter/CC-Link module mounted on
main/extension base of MELSECNET/H remote station and PX Developer can be simply executed by
setting automatic refresh between buffer memory and remote 1/O link register (W) with GX
Configurator module, and assigning link register (W) to global variable of PX Developer.
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Appendix 8.2 Program execution method

The programs created in PX Developer are executed in Process CPU/Redundant CPU in
accordance with settings of PX Developer as following methods.

Timer execution type —T1— High speed (200 ms cycle)

—— Normal speed (200ms x m cycle, m = 2/3/4/5)

—— Low speed (200ms x n cycle, n = 5/10/20/25/50)

—— Scan (Each scan interval. Same execution method as ladder
program)

Interrupt execution type _I: Cycle interrupt (setting cycle 1 ms to 999 ms)
Random interrupt (interrupt with interrupt pointer 10 to 1255)

The following table shows the differences between timer execution type and interrupt execution type, and the
application (proper use).

Item Timer execution type Interrupt execution type

Features 1)Timer execution is a method to execute | 1)CPU interrupt execution function executes
programs regularly based on execution cycles the programs.
or phase by adding up the CPU module scan | 2)Cycle interrupt executes programs by

times. interrupt execution with setting cycle
Timer execution type can be selected from the between 1ms to 999 ms. In this instance,
following four types. no regular margin of error occurs (does
(High-speed/Normal-speed /Low-speed/Scan) not affected by scan times), however,

Timer execution at any timing other than overhead time takes 165us from reaching
those based on scan types will cause an the setting cycle to programs being
error of up to + 1 scan time. executed.

Normal-speed execution type program is | 3)Random interrupt executes programs
executed once in an execution of high-speed when interrupt factors occur in each

execution type program (normal execution interrupt pointer 10 to 1255.
type cycle + high-speed execution type cycle Interrupt factors of 10 to 1255 are such as
(200ms)). Correspondingly, low-speed interruption from interruption input module

execution type program is executed once in (QI60), intelligent function module/network
an execution of high-speed execution type module, and occurrence of an error. (For

program (low-speed execution type cycle + details, refer to User's manuals of each
high-speed execution cycle (200ms)). CPU or MELSEC-Q DATA Book)

For example, when high-speed is 200ms | 4)When an execution factor of interrupt
interval and normal-speed is 1s interval, execution type program occurs during
normal program is executed once in 5 times. execution of a timer execution type
Therefore, when scan time exceeds 200ms, program or a user-created ladder
each program cannot be executed with setting program, stop the program, execute an
interval. interrupt execution type program and then

Also, when normal-speed execution interval is resume the program. When an execution
1000ms, scan time is 300ms, high-speed factor of random interrupt program occurs
program is executed every 300ms. In this during execution of cycle interrupt
instance, normal-speed program is executed program, stop the program, execute a
once in 5 executions of high-speed program, random interrupt program, and then
and the execution interval of normal-speed resume the cycle interrupt program.
program is 1.5s. (Error 500ms). Therefore, the
scan time should be 200ms or less.

2)Scan type program is started at each scan
interval as ladder program.)

3) Setting execution condition of
high-speed/normal/low-speed/scan type
program beforehand executes programs when
execution conditions meet. This enables event
processing such as starting error processing
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Item

Timer execution type

Interrupt execution type

program only when error occurs. When no
execution condition is set, programs start
immediately by  execution factors  of
high-speed/normal/low-speed/scan type. The
execution conditions are set up to 8 conditions
per one program, can be connected with
AND/OR to create compound conditions.

4)When the same interval is set in multiple timer

execution type programs, (for example 5
normal-speed programs) the priority of the
program executions can be set. Also, when
multiple normal-speed/low-speed programs are
existed, shifting (load balancing) the execution
timings by setting the phases is possible.

Application
(proper use)

1) High-speed/normal/low-speed  execution is

appropriate for processes with controls whish
require regular intervals such as general PID
control

2)Scan type execution is appropriate for the

sequence control required by the process
control (controls of such as solenoid valve,
ON/OFF solenoid valve, motor, and pump),
processing which require regular executions
(regular interval execution is not needed) such
as error detection and processing the detected
errors.

3) For High-speed/normal/low-speed execution, if

processing does no complete within the setting
interval, it causes delays in the interval.

1) Cycle interrupt is appropriate for
processes require interval which is higher
than 200ms or the strict fixed scan cycle.

2)Random interrupt is appropriate for

processes processing event
(interruption occurs irregularly).

interrupt

3)For cycle interrupt, if processing does no
complete within the setting interval, it

causes delays in the interval.
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Appendix 8.3 Relation between FBD program and execution file on Process CPU,
Redundant CPU.

The following shows the mechanism of compiling FBD program created in the PX Developer
programming tool to write to CPU and executing the file and relation between FBD programs and
files executed in Process CPU.

FBD program created on PX Developer

Execution file on Process CPU, Redundant CPU

programming tool

Program
Execution

Type
Timer Execution

Timer Execution

Timer Execution

Timer Execution

Interrupt Pointer
Execution

Cycle interrupt
Execution

Cycle interrupt
Execution

Execution type on Process
CPU, Redundant CPU

#FBDQOO00 (Scan type)

Program 1
System management « Tag communication processing
_____ (tag current value collection,
____________ Occurrence check of alarm or
Tt Program 1 \ events)
P ) « Timer execution, interrupt
rogram pointer execution scheduler
_______________________ --- Program 2
Program 3 - Program 3
. B Program 4
- « Mechanism of FBD
e rogram
Program 4 -7 prog
T . Program 5
Il .- Program 6
Program 5 e L
- e , Program 7 j
Program 6 ,f”
,// ,/’ #FBDQOO01 (Fixed scan starting)
R RRbIaEEEEE R - Start processing Call program 6 after the file
L’ executes fixed scan.
#FBDQOO02 (Fixed scan startin
Program 7 L’ Q ( 9

Start processing

Call program 7 after the file

executes fixed scan.

#FBDQLIB (Stand-by)

Library files of manufacturer FB
parts pasted on a FBD program.
Necessary FB processing is

Library of executed from programs in
manufacturer FB #FBDQOO00.
parts used in
program
Program 200
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@)

)

Compiling FBD program created in the PX Developer programming tool creates ladder files
#FBDQOO0O0, #FBDQLIB, #FBDQO001 and later.

#FBDQOO01 and later are created per file when the fixed scan execution is set as FBD program
execution type. (For example, when the fixed scan execution is set for 5 FBD programs, 5 files
of #FBDQO001, #FBDQ002, #FBDQO003, #FBDQ004, #FBDQO05 will be created.)

When the fixed scan execution is set for FBD program, actual programs are created in
#FBDQOO0O0 and start processing is created in ##BDQ001 and later.

The maximum number of programs which can be set the fixed scan execution is 100.

In this instance, files to be created are 100 which are from #FBDQ001 to #FBDQ100.

The number of executable files in CPU is 28 for Q02PHCPU, 60 for Q06PHCPU, 124 for each
Q12PHCPU, Q12PRHCPU, Q25PHCPU (*), Q25PRHCPU (*), therefore, design to be the total

number of files is the executable number of files or less for each CPU.

* The number of files can be saved in CPU is 252 for each Q25PHCPU, Q25PRHCPU.
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Appendix 9 Process Control Related Terminology

The terms listed in this section is for process control related terms which are useful for process control
engineering with PX Developer.

- Generic terms and abbreviations used in the terminology

PX Developer ———— Abbreviation for process control FBD software package

QnPHCPU ———— Generic term for Process CPU
(Q02PHCPU/QO06PHCPU/Q12PHCPU/Q25PHCPU)

QNPRHCPU ———— Generic term for Redundant CPU (Q12PRHCPU/Q25PRHCPU)

- The terms are listed in alphabetical order, numerical order
- Related terms are indicated with —, antonyms are indicated with<.

<A>

Absolute pressure

The amount of pressure measured by full (absolute) vacuum as standard. When indicating as absolute pressure, add abs after engineering units.

Example: 5kg/cmabs
< Gauge pressure

Alarm status

Indicates the alarm occurrence status of tag alarm such as high high limit alarm (HH), high limit alarm (H), low limit alarm (L), low low limit alarm
(LL).

Alarm level

The levels of alarm item importance of tag alarm. The levels are major alarm, minor alarm.

Analog input/output module

« Input module
An input module imports analog standardized signal of 4 to 20mA, 0 to 5V DC from a sensor to PLC CPU.
The types for Channels of input module are the channel Isolated type which channels share a common line, the non-insulated type which
channels has different common lines, the distributor with 2-wire transmitter type, and direct connectable type with thermocouple and
temperature-measuring resistor.

« Output module
An output module exports analog standardized signal of 4 to 20mA, 0 to 5V DC from PLC CPU to a final control element.
The types for Channels of output module are the channel Isolated type which channels share a common line and the non-insulated type
which channels has different common lines.

AUTO
— AUTO mode

Auto tuning

Method that detects dynamic characteristics by moving the plant and automatically obtains proportional gain (Kp), integral time (Ti), and
derivative time (Td) of PID.

Auto tuning can be performed with step response method for QnPHCPU, QnPRHCPU.

— Optimal value adjustment

AUTO mode

The mode controlled by setting value (SV) set on the HMI screen.
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Auto tuning function

Auto tuning function has two methods: the Step Response method and the Limit Cycle method. The limit cycle method is less affected by
process variable noise compared to the step response method, and stabilized tuning results can be obtained.

(1) Step Response method
« For actual plant, outputs step MV, and determines the PID constants by maximum slope and equivalent dead time.

(a) Setting constants by the step response method

Common constants

) ) Integral Derivative
MV Control Proportional gain time time
- (seconds) [ (seconds)
t
p 1 x MV (%)
Process 'y RxL 100
variable y
PI 09 *x MV (%) 3.33L
M siope f SN0 e o,
(R=Y/T)
\4 -
tr PID 1.2 x MV (%) 2L 0.5L
. RxL 100
Equivalent e » Equivalent time constant T (seconds)

dead time L (seconds)' L
Obtain the optimum value from the above formula, and
perform the fine tuning.

(Example) Equivalent dead time L: 8 seconds, Equivalent time constant T: 16 seconds, Change range of process variable Y: 0.25,
Step manipulated variable: 20%, Maximum slope R = 0.25/16 = 0.016

0.9 WG - _ 09 20

= X =14
RxL 100 0.016x8 100

For PI control, based on the above chart: Proportional gain =

Integral time = 3.33L = 3.33 x 8 =26.6 seconds
Derivative time = 0 second

(b) Fine tuning
Obtain a value close to the optimum value, and perform the fine tuning.

For the change in the target value:

SVI
| .

. . . Fine tuning
1) Response is quick, but oscillatory . ) . . .
PV4 « Minimize effects of the proportional control action (Proportional gain: Smaller)
/\v/\v « Minimize effects of the integral control action (Integral time: Bigger)
/ Optimal value
t PV4
2) Response is slow
Pv4
t
=
Fine tuning

« Maximize effects of the proportional control action (Proportional gain: Bigger)

« Maximize effects of the integral control action (Integral time: Smaller)
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(2) Limit Cycle method
(d) Setting high limit (AT2MVH)/low limit (AT2MVL) of 2-position operation output.

: Set the 2-position operation output according to MV when PV is stabilized as a standard. Specify a value for the amplitude d of the 2-

Aufo tuning in operation » . ) . . . .
position operation output not to impact the processing when PV is oscillated up and down as SV in a center.

MANUAL mode MANUAL mode

A

>t

« In the limit cycle method, PV is temporarily oscillated by performing the 2-position operation (ON/OFF operation) output three times and The following is an example of setting 2-position operation output which reduces impact on processing as much as possible when
constants are set by the PV amplitude and oscillation period. performing the auto tuning.
Set the control mode to MANUAL mode, and set SV to be used in the operation. Then, adjust PV closer to SV by operating MV, and
(@) Generation and measurement of limit cycle waveform stabilize PV.

Oscillates PV by the 2-position operation output, and measures amplitude Xc and oscillation period from the 2nd and 3rd waveform T s

data whose oscillation waveform is stabilized. ——— ——

The following chart shows a waveform example of auto tuning. (When PV = SV, and reverse action at the start of auto tuning)

Example Minimize the diff
1 , , , , Oscillation period Tc | , , - 49.7 inimize the difference
! 1 1 1 <+ ! > f 1 ’ } between PV and SV, and
v : : 174-\ : " i R i 50.0 | stabilize PV.
T " A | 1 \
. Hysteresis* : {Oscillation ~—""1 1 0.0 34.0 } This MV is used as a
TPV : AT2HS : ramplitude Xc! i1 *Forchattering prevention Example el standard.
1 f : E f f ' f (Default: 1%) 5.0 When a difference between e
E i i i | 1 i 1 ’ PV and SV is large, operate 340 %
T 1 " ¥ y 1 i 1 > 50.0 J MV to adjust PV closer to SV.
! ' | ' : : | : (%) 100
' : : : : 1 | 1 10.0 PP |
MV l : | : ! b -
' —— ) Pe—2) > 3)——»
AT2MVH] : - ) ) ) ! MANUAL
: (2-position output)
AT2MVL [t Y . e loes

RO S R

(Operate MV to i (Ends at the peak of 3rd PV oscillation waveform.)

adjust PV closerto

SV and stabilize (Example)

PV) (2-position operation 1): 1st, 2): 2nd, 3): 3rd) When MV is 34% at PV stabilization, and amplitude of 2-position operation output is 5%, values for output high limit (AT2MVH) and
Auto tuning start Auto tuning completion (Ends automatically) output low limit (AT2MVL)) become as follows.

AT2MVH = MV +d = 34% + 5% = 39%
AT2MVL = MV - d = 34% - 5% = 29%
(b) Calculation of threshold sensitivity (Ku) and threshold period (Tu)

Calculate optimum PID constant from threshold sensitivity (Ku) and threshold period (Tu). Set the above output high limit (AT2MVH) and output low limit (AT2MVL)) in PX Developer monitor tool.

o > 2 . . For the operation of auto tuning and the screens below, refer to "PX Developer Version 1 Operating Manual (Monitor tool)”.
Threshold sensitivity Ku = 4d / (TrV (Xc? - AT2HS?)) Xc : Oscillation amplitude

d : Amplitude of 2-position operation output ((AT2MVH - AT2MVL) / 2)

Please click the Start button to start Auto Tuning

Threshold period Tu = Tc Tc : Oscillation period Paramster Settines

i ;lsmumves the disturbance response! Deta“ Setting of Limit Gycle method @
uppresses the overshoot when the set value is chaneed

-Parameter Settines

(c) Calculation of optimum PID constant [~ Usine the Derivative Action(rapid resporise) :
Details Cutput High Limit Value 380 k(gﬂ o 1000

Calculate optimum PID constant from threshold sensitivity (Ku) and threshold period (Tu). Output Low Limit Valve | 290 Fs(uu 1a 1000}

This method vibrates the controlled spstem termpararily by outputting & square wave of MY thres Hysterisis | T0™ % (00 0100
K K K . K times, then calculates the best PID parameters by measuring the amplitude and cycle of PV, | S ]—WUDD {00 4o 99090}
Control Proportional Integral time | Derivative time . Hysteriss
Control Type . . . Empirical rule Remarks
operation gain (Kp) (Ti) (Td) G [ ok | Gancel |
Constant- Pl 0.45Ku 0.83Tu 0 . . . Improves the disturbance B
Ziegler Nichols's method ;
value control PID 0.6Ku 0.5Tu 0.125Tu response [liput ioh
PI 0.3Ku 1.0Tu 0 Suppresses the overshoot My ‘
FO”OW-Up . . Output Low ; :
CHR method when the setting value is HimtYelus e ; ;
control PID 0.45Ku 0.6Tu 0.1 Tu =——lmatitee
changed

< Back | Start> Close |

Consider processing characteristics, set a time-out period three times more than an oscillation period which is measured by the 2-
position operation output.

(e) Fine tuning
Fine tuning of PID constants is as same as that for Step Response method.
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<B>

Batch process control

A type of control which produces various products with the same equipment or devices. It has processes of Polymerization, mixture.
Complicating controls such as switching recipes for each kind of products, selecting processes, CIP are required. Recently, the batch process
control type is increased.

In addition, production operation in the batch production process (batch recipe registration, batch reservation, execution recipe expansion, batch
progress management, batch sequence execution management, device monitoring, and performance collection) are called batch management.
One of standards in batch management is ISA SP88 model.

A type of control which produces the same products with the same equipment or devices is called continuous process control.

Broken line correction

It is used when the value from the process target is not in proportion to process variable from the sensor. Input value is approximated and
corrected by broken line. Process FB P_FG is applied to the broken line correction.

(Example)
FG
(Function
Sensor A/D Generation) D/A Operation
input —*| module ] N _\_ — PHPL |— PID |— OUT1 — module [output

Burnout

When converter input is in the non-input mode caused by such as sensor disconnection, follow through upper or lower limit of converter
output signal.
Example: For thermocouple, becomes to maximum value of thermocouple converter output to prevent overheating in burnout,.

< \X/ Thermocouple
converter
Thermocouple / \ (With burnout function) f—
Disconnection

Becomes to maximum value output to prevent overheating
in burnout

Bumpless

At the time of AUTO < MANUAL mode switching, this function prevents step changes caused by sharp change of manipulated variable (MV)
output, and ensures MV to be converted smoothly.

<C>

CAS/CASCADE
— CASCADE mode
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Cascade control

Cascade control is composed of double loop of primary loop and secondary loop. It is the control that removes the effect on the process and
improves the whole control performance by checking out disturbance entering secondary loop in an early stage as well as absorbing them into
secondary loop.

Generally, the response of secondary loop is desirable to be over 3 times faster than primary loop.

— Tracking (CASCADE with tracking)

The following diagram is an example of controlling the furnace temperature in a certain value. It absorbs fuel supply variation by flow rate control
of secondary control loop and improves response characteristics of temperature control as a whole.

Thermocouple

Primary control loop
TIC (flow rate control)

Furnace

PV 001 MV

Fuel tank PV FIC MV __ Secondary control loop
4 (flow rate control)
001
Fluctuation [
Flow sensor Valve Burner

— Tracking (Cascade with tracking)

CASCADE mode

This is the mode for cascade control which controls primary loop output variable (MV) as secondary loop setting value (SV). This mode is also
used when regarding setting value (SV) as primary indicated value such as interlock operation with other loops and the case of combination with
Program setter.
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CASIN pin/CASOUT pin

CASIN pin: Input pins on tag FB for setting value input of cascade control secondary loop and for which from PCL program.

"_T"is added to the names of pins which have the tracking function.

CASOUT pin: Output pins from cascade control primary loop to secondary loop.
"_T"is added to the names of pins which have the tracking function.

« With tracking

MELSEC-Q

Primary loop
M_PID
—Pw MVN—
——CASIN ~ "CASOUT_T frmmm Secondary loop
[ M_P I D
LRV MVN
CASIN_T™  CASOUT
« Without tracking
Primary loop
M_PID
—PWN WN—
—CASIN "~ CASOUT Secondary loop
............................. M_PID
PN MVN—
CASIN CASOUT —
CMV

Abbreviation for COMPUTER MV. One of control modes and changes MV from upper computer.

Control mode transition Ccsv CMV
CAS > AUT le¢ » MAN

Cold junction compensation
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MELSEC-Q

Control cycle

A cycle of control activity. With continuous control function block, activity such as input processing starts every execution cycle, however, PID
control operation starts every control cycle. (Control cycle should be set to be the integral number multiple of execution cycle.) Instructions
which can be set a control cycle are PID, BPI, IPD, ONF2, ONF3, R, 2PID.

— Execution cycle

(Reference) Selection example of control cycle (CT)
In PID control, when Integral time is relatively big (long), bigger (longer) the control cycle (CT) improves the control performance.

Selection example of control cycle

Integral time (Ti) Control cycle (CT) (Standard)
1 second to 40 seconds 1 second
41 seconds to 80 seconds 2 seconds
81 seconds to 160 seconds 4 seconds

Control mode

A switch which changes the control mode such as MANUAL (MANUAL, MAN, M), AUTO (AUTO, AUT, A), CASCADE (CASCADE, CAS, C).
Normally, a switch from CAS to MAN, and MAN to CAS are via AUTO. In stop alarm, it switches from CAS to MAN automatically. There is the
operation mode as well.

Control valve

By operation signal from a controller of automatic control, operates valve body with auxiliary power such as pneumatics, oil hydraulics, electricity,
and controls the variables to the specified ones. Composed of actuator and valve body.

pVv FIC MV: standardized signal
001
Control valv
Actuator

Auxiliary power (pneumatics, oil
hydraulics, electricity)

Valve body

A compensation function for thermocouple input module to reduce a measurement error caused by changes in ambient temperature of the
criterial terminal. For temperature measurement using a thermocouple module, the ambient temperature of the criterial terminal needs to be
maintained at 0°C. However, it is difficult to maintain at 0°C in reality. This function reduces measurement errors by adding a thermal EMF
equivalent to the ambient temperature to the internal amplifier

Cold start

A system which outputs from the reset values not the previous values when restart after a power failure of control system.
On the other hand, a system which outputs from the previous values is called hot start.

Actuator

Diaphragm type

4

Valve body

General valve

Angle valve

Bellow type - |
Electro-magnetic Three way valve
type Butterfly valve

Electrical type

Reciprocating
type

Manual type

Saunders valve

Ball valve

& Hot start
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Csv
Abbreviation for COMPUTER SV. One of control modes and changes SV from upper computer.

Control mode transition Csv CMV
CAS |« AUT MAN
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<D>
D fi When derivation time is relatively smaller Derivation effect becomes lighter.
operation When derivation time is relatively bigger Derivation effect becomes stronger.
Derivative action Cause short-period hunting and the system may become unstable.

This is the operation that imposed on the manipulated variable that is in proportion to the rate of change (difference between the current value
and the last value) of deviation DV (the difference between process variable and setting value). Dead time
The time interval from the moment when deviation occurs until the manipulated variable determined by derivative action equals the manipulated

variable determined by proportional control action is called Derivative time "Td". Time interval of output variable change to input variable change. P_DED of process FB is applied.

(1) When deviation is changing at a constant rate Input
Deviation | > t
I DV
5
Output /
The manipulated variable ! / >
determined by derivative operation The time interval from the moment when t
Manipulated ) ) \\ deviation occurs until the manipulated variable Dead time |
variable The manipulated variable determined by derivative action equals the —
determined by proportional ) ) ) )
operation (Kp x DV) \ manipulated variable determined by proportional DCS
control action is called Derivative time.
*
Derivative time Td | Distributed digital control system with microcomputer.

DDC

« Imperfect derivative
A control with digital display controller.

If derivative is applied to deviation as it is, it may be affected by increase of high-frequency noise, and since the time range of MV is narrow
(e.g. in case of step-shaped change, it will be output only at the moment like pulse shape.).

There may be the bad influence that the energy which outputs final control element fully is not given. Derivative action/Derivative time
Therefore, normally the derivative term input with imperfect differentiation for which filter shall be applied once.

The derivative action of QnPHCPU, QnPRHCPU is imperfect derivative. — D operation

Big
Design temperature
Perfect derivative In temperature/pressure correction of flow rate, when measuring flow rate by using different temperature from design specification temperature,
the correction to convert to flow rate in design specification temperature is needed. Design temperature in this case is design specification
term temperature.
To *S _

v _I_ Ii S Design pressure

In temperature/pressure correction of flow rate, when measuring flow rate by using different pressure from design specification pressure, the
correction to convert to flow rate in design specification pressure is needed. Design pressure in this case is design specification pressure.

Imperfect derivative

First order Derivative Fati
lag filter ™ term — D K Deviation
To-S > The difference between setting value SV and process variable PV

1+MTo -S 1/n = Derivative gain (MTD)
) . MD XT L L
(2) Operation to step deviation D=KpXDVX 5 eTe, Deviation derivative type PID
Deviation —PV-derivative type PID/PV-proportional and -derivative type (I-PD control)
I DV
> t
A The manipulated variable
/ determined by imperfect derivative

Manipulated
variable

The manipulated variable determined
Vg by proportional operation (Kp x DV)

ot
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Differential pressure

Pressure measured based on pressures other than atmosphere pressure and full vacuum. To differentiate from the others, add diff. after units.

Example: 1kg/cmdiff.
Applied to such as flow rate measurement by differential pressure.

Orifice plate

/S /7 Venturi tube

| I |
Flow direction — Flow direction —»

Pressure P1 Pressure P2
(high) Differential (low) (high) Differential

Pressure P1
pressure pressure
measurement measurement

Pressure P2
(low)

Q=K +VAPly

Q: Flow rate, Differential pressure AP: (P1 - P2), K: Proportional constant, y: Density

When measuring flow rate by using differential pressure, the proportional characteristics will be obtained through square root extraction of
differential pressure data.
Temperature/pressure correction (P_TPC) is used if necessary.

, , , AP AP — ,
Differential pressure signal | ————= | J Square root |é— | AP is in proportion to flow

Direct action

In PID control, an activity to increase manipulated variable MV against increase of process variable PV.
(Example: cooler)
< Reverse action

A Setting value SV
Manipulated
variable

MV

Process variable PV

Disable alarm

Disable alarm detection to alarm items of tag alarm by setting as disable.

Distributor

A signal distributor which supplies power to a 2-wire transmitter (detector), and retrieves standardized signals (4 to 20mA or 1 to 5V) from a PLC.

Standardized signal (4 to 20mA or

2-wire - [Power supply| o 1 to 5V) PLC
transmitter + Distributor A/D conversion
(detector) module
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DV

Deviation

The difference between setting value (SV) and process variable (PV)

<E>

Electro-pneumatic converter

MELSEC-Q

A converter which converts a standardized signal (electrical signal) to a standardized signal (pneumatic signal). Electro-pneumatic transducer.

DC signal (4~20mA)

<& Pneumatic-electric converter

Electromagnetic flowmeter

Electro-

"| pneumatic

converter

Pneumatic signal (0.2 to 1.0kg/cm?)

When conductive fluid flows across magnetic field, induces electromotive force in proportion to flow velocity. A flowmeter which detects a flow
rate by this theory is called electromagnetic flowmeter.

— Flowmeter

V: Fluid flow

®: Magnetic flux
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<F>
Execution cycle/Control cycle
Filter

(1) First order lag filter
This is used as filter for eliminating noise etc. of process variable (PV). Execute the first order lag operation by the following expression.

Program type POU which consists of such as IN, PHPL, OUT1 starts at regular cycles. This cycle is called execution cycle. In PX Developer, the
execution cycle of high-speed (100ms), normal speed (200 to 500ms), low-speed (500 to 5000ms) can be set. For control operation cycle such
as PID, BPI, set as a control cycle (CT) differently from an execution cycle. Control cycle should be set to be the integral number multiple of
execution cycle.

— Control cycle T1 > PVfn-1 . AT X PV
T1 +AT Tl + AT

T1: Time constant(s), AT: Execution cycle, PV: Present input value, PVfn-1: Previous filter value

PVf=

The relation between execution cycle and control cycle

Example: execution cycle of PID control is 0.2 seconds, and control cycle of PID instruction is 1.0 second. L .
P 4 4 Process FB (P_LLAG) of lead-lag compensation is applied.

Execution Program type POU: Execution cycle 0.2 (2) Digital filter (Index filter)

cycle: This is used as filter for eliminating noise etc. of process variable (PV).

Starts C ........... g AD | 1IN IPHPL ouTil| | DIA Opersit/eft?if/uT of;vveflgrit (P:Vﬂ”er coefficient) of Current process variable and previous filter value.
every 0.2 Conversion Conversion S il . (ﬁ. S . ) . | fro1: ious fil |
seconds Data | .. data a: PV filter coefficient, PV: Present input value, PVfn-1: Previous filter value

. — P H (For the effect of filter by PV filter coefficient a, refer to 4.3 Filtering Function (2) Digital filter function)
input | | | [T output

The digital filter function of analog input process FB (P_IN) is applied.

(3) Moving average filter
Output the average value of 'SN' pieces of input data that are sampled at data collection interval.
Process FB (P_FLT) of standard filter is applied.

Y

> 1 ~| PID: Control cycle 1.0 second I,_ I

h

Flowmeter

The following shows the representative measurement methods of flowmeter. Hydrometry is often applied in processes along with manometry,
thermometry.

Volume hydrometry | Differential pressure type (orifice, venturi tube): detected by
differential pressure type.

« In this example, as the control cycle of PID control operation instruction is
1.0 second, PID processing is executed in every 1.0 second (set the
control cycle as integral multiple of the execution cycle.)

Liquido, Gaso, Steamo

« Control operation instructions which can be set control cycles are BPI, IPD,
ONF2, ONF3, R, 2PID besides PID.

« If the control cycle is not the integral multiple of execution cycle, round off
the number after the decimal point of control cycle (CT)/execution cycle (T)
and multiply the execution cycle to calculate the control cycle.

Example: When the execution cycle (CT) is 2.5 seconds, and the control
cycle (AT) is 1 second.
2.5/1.0=2.5 Round 2.5 off, and the control cycle becomes the
execution cycle times 3.
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Variable area type: detected by float position.

Liquido, Gaso, Steamo

Electro-magnetic type: detected by electromotive force.

Liquido, Gasx, Steamx

Supersonic type: detected by propagation time differences or
Doppler effect.

Liquido, Gaso, SteamA

Integrated volume
hydrometry

Positive displacement (oval gear, Roots type): detected by the
number of revolutions.

Liquido, Gaso, Steamx

Vortex (Karman vortex) type: detected by frequencies of
Karman vortex

Liquido, Gaso, Steamo

Turbine type: detected by the number of revolutions

Liquido, Gaso, SteamA

Mass hydrometry

Coriolis type: detected by Coriolis force

Liquido, GasA, Steamx

Thermal type: detected by temperature rise of fluid when
heating.

LiquidA, Gaso, Steamx

<G>

Gauge pressure

Pressure volume described based on atmosphere pressure (=0), and widely used. Pressure higher than atmosphere pressure is positive
pressure, lower than atmosphere pressure is negative pressure. When differentiation from absolute pressure is needed, add G after the unit.

Example: 3kg/cmG

— Absolute pressure, Differential pressure

Absolute pressure | /l

Atmosphere

|/ |Positive gauge |

latm (Pressure) = 101325 N/mi = 1.03 kgficmi
= 101325Pa = 101.325kPa = 0.101325Mpa

pressure 1Pa = IN/m
lkgflcm = 98kPa

l\ |Negative gauge |

Full vacuum |Abso|ute pressure = Atmosphere pressure + gauge pressure
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<H> I/0 mode

Describes an operation mode connected to 1/O (input/output).

HH The mode types are NOR (NORMAL), SIM (SIMULATER), and OVER(OVERRIDE).

— High high alarm

Mode Contents

High selector NOR | A normal status which is connected to input-output card.

SIM Executes simulation activity with separating input-output card.

In such as sensor failure, executes operation with separating only signal from input card and communicating signal

— Selection control

. . . OVER from output card. Input data can be set from a screen.
High alarm/High high alarm
High limit alarm (PH)/high high limit alarm (HH) 1-PD trol
- contro
Hysteresis —PV-derivative type PID
A characteristic which outputs variables depending on directivity past record of input variables. Identificati
entification
300 Find process parameter (PID constant) by Step response method.
PN P Ve High limit value
//g/ \ /\/‘\ J , Industrial unit data
- 7 Hysteresis
Reset / \)ccur Measured data expressed in actual industrial unit rather than expressed in percentage.
High limit alarm (PH) occur: —
High limit alarm (PH) continues Reset| Continues Integral operation/lntegral time
— | operation
Hot start
A system which outputs from the previous values when restart after a power failure of control system | ¢ id
., Cold start nput overriae

A function which enables process variable (PV) simulated input when input signal fails.

< I > « Loop tag
. A function when cannot attain the proper PV input signal due to such as detecting sensor errors, the input status can be set on a screen.
Instrumentation flow chart

. ) . _ ) . However, external output is executed.
A flow chart which shows entire control system and describes such as piping, detector, final control element, controller in symbols. P

(It is used when batch sequence transition is to be executed.)
« Status tag

| operation A function when cannot attain the correct input status due to such as imperfect contact of the switch, the input status can be set on a

) screen. However, external output is executed.
Integral operation

The action that continuously changes the manipulated variables, in order to eliminate deviation DV (difference between process variable and (Itis used when batch sequence transition is to be executed.)

: — 1/0 mode
setting value).
It can eliminate the offset caused by proportional action. The time interval from the moment when deviation occurs until the manipulated variable
determined by integral action equals the manipulated variable determined by proportional control action is called Integral time "Ti" < |_>

» Operation to step deviation

p p Level meter
N The following shows the representative level meter types.
Deviation T Contact type differential pressure (liquid-operated), float-type (buoyancy), purge,
DV electrode, capacitance
v il Non-contact type ultrasonic, microwave type
s
The manipulated variable / The time interval from the moment when deviation LL
Man determined by integral $ occurs until the manipulated variable determined by _ Low low alarm
anipulated|control action . . . .
) ) . i) integral action equals the manipulated variable
variable The manipulated variable 1 determined by proportional control action is called
determined by proportional{ ) Yy prop Lockout tag
operation (Kp x DV) v R Integral time.
Integral time Ti t An eye-graph tag displayed on a faceplate that indicates precautions for operations and restrictions according to operation authority.
Loop
When integral time Ti is relatively smaller The integral effect becomes stronger, and the time for eliminating offset becomes shorter. Control loop which constitutes feedback loop such as PID control.
However, hunting may easily occur.
When integral time Ti is relatively bigger The integral effect becomes lighter, and the time for eliminating offset becomes longer. Loop tag
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A tag which has the loop control functions such as PID control, and a faceplate.

— Status tag
<O>
Low alarm/Low low alarm Orifice
Low limit alarm (PL)/low low limit alarm (LL) Drosselgerate (orifice plate) which is equipped in a conduit line for measuring differential pressure which occurs before and after throttling

depending on the volume of flow rate.

Low selector o
Orifice plate

— Selection control /

<M>
MAN/MANUAL

Controlling unit: PLC

C tV
Current Vg, Q=K. /AP

Q :Flow rate

Pressure P2 (low

— MANUAL mode AP :P1-P2
K : Proportional constant
. y : Density
Major alarm
An alarm for occurrence of serious error which cannot continue operations of a process, and of devices/equipment failure. i i
P P e Detecting unit Differential pprissgr_eAP AP | VSquare root | AP
measurement P1-P2= *| extracton |

MANUAL mode
In automatic control such as PID control, a mode which can be set and changed the manipulated variables (MV) by an operator manually.
Manometer Output signal processing
A device which measures pressure, the following shows the representative types. Manometer is used in a process along with thermometry and Functions of process control instruction such as: an output rate-of-change limiter, output limiter, output clamp, output value tracking, and output
hydrometry. signal conversion.

Electric type Resistance type, piezoelectric type

Elastic type Bourdon-tube, diaphragm, bellows type

Liquid column type U-tube, single - pipe system

— Gauge pressure, Absolute pressure Oval gear flowmeter
A positive displacement flowmeter which measures flow rate by turning oval gears.

Mass flowmeter
One of flowmeters which measures fluid mass. When the fluid temperature or pressure changes drastically, the density of fluid also changes, Oval gears

temperature/pressure correction needs to be executed against volume flow, therefore, complicated systems and accidental error factors are
caused. In this case, Mass hydrometry is preferred and recently, often used. Types of mass flowmeter are such as Coriolis type which utilizes
that twisting power (Coriolis force) occurred in vibrating U-tube is proportional to mass flow rate which passes through the tube and thermal type
which measures temperature rise of fluid in heating.

— Flowmeter Measured object

Minor alarm

Alarm which does not be severe obstacle to the operation

MV

Manipulated variable
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P operation

Proportional operation
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The operation that obtains the manipulated variable in proportion to deviation DV (difference between process variable and setting value)

[Manipulated variable = Proportional gain Kp x Deviation DV |

» Operation for step deviation

Deviation T

determined by proportional
variable operation (Kp x DV)

Manipulated| The manipulated variable {

When proportional gain Kp is relatively smaller | Control operation becomes slower
When proportional gain Kp is relatively bigger Control operation becomes faster and easy to cause hunting

The error to setting value is called offset. Offset will occur in proportional control action.

A l ) 4 /\ A~

Setting value Offset Setting value \/

A
v

P&l flow chart

Piping and instrumentation flow chart which shows entire control system and describes such as piping, detector, final control element, controller

in symbols.
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PID operation

This is the control operation which operates and outputs the manipulated variable (MV) to have the process variable (PV) approach the setting
value (SV) rapidly and correctly by combining P control action, | control action and D control action.

Besides, if P, I, D operation are not all included in the control, it is called P control or PI control according to the control action included.

Pl operation is mainly for flow rate control, pressure control, temperature control. PID operation is mainly for temperature control.

QnPH/QnPRH of PLC velocity type process variable derivation PID expression

Direct action Reverse action

Deviation DVn DVn=PVn — SVn DVn =SVn — PVn

AMV = pr (DVn DVn-1) + ﬂ x DVn + Bn

_Y_ Gain ; Proportional ; IntegraI_K— Derivative

Output variation | proportional, integral and derivative term of AMV are as follows. (Adding proportional, integral and derivative term

Amv becomes PID operational expression as shown above.)
« Proportional term : AMV = Kp x (DVn — DVn-1)
« Integral term : AMV = Kp x 'I(':T x DVn
« Derivative term  : AMV = Kp x Bn (Bn as follows)
Bn=Bn-1 + Md x Td Bn=Bn-1 + Md x Td
= - _— X = - —_—
& n=en Md x CT + Td n=en Md x CT + Td
- CT x Bn-1
{(PVn-2PVn-1 + PVn-2) - CT)_;% } {- (PVn-2PVn-1 + PVn-2) - T }

Kp: Gain Ti: Integral time Td: Derivative time Md: Derivative gain CT: Control cycle
DVn: Deviation DVn-1: Previous deviation value PVn: Process variable PVn-1: Previous process value
PVn-2: Process value before last

» Operation for step deviation
Deviation

The manipulated variable determined

Manipulatedd by PID operation
variable The manipulated variable determined
A by integral control action (1)
.......................... The manipulated variable determined
................... by proportional operation (P) (Kp x DV)
PH

— High alarm

PL

— Low alarm

Pneumatic-electric converter

A converter which converts a standardized signal (pneumatic signal) to a standardized signal (electrical signal). Pneumatic-electric transducer

Pneumatic signal (0.2 to 1.0kg/cm’)‘ Pneumatic-electric | DC signal (4 to 20mA)‘
" converter -

< Electro-pneumatic converter
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Piping and instrumentation flow chart

—P& flow chart

Position type PID control

Position type PID control is an operational method to find manipulated variable (MV) from the difference (deviation) between PID operational
method setting value (SV) and process variable (PV). On the other hand, velocity type PID Control is an operational method to find a change

volume of manipulated variable (AMV) from deviation.
— Velocity type PID Control

Pressure bias

Temperature/pressure correction operation is executed with absolute unit (absolute temperature, absolute pressure).
Pressure bias is the correction values for converting design pressure/measured pressure to absolute pressure.

Program Control

It is a control method to change the setting value by the pre-set program.
It is used for such as temperature control.
It needs to combine the program setter and PID control for using.

Program setter

I adha o
" NI

MV

Process control

MELSEC-Q

To adjust or control the variables which influence the operation status of industrial processes to meet the specified setting value.

Proportional operation/Proportional gain

— P operation

Proportional band

In proportional activity, input variation range (%) against the change of output effective variation range from 0% to 100%. For PLC, proportional

gain Kp is applied, not proportional band.
100/Proportional gain Kp = Proportional band
—Proportional gain

Pulse input module

Input module which counts metric pulse signal from flowmeter.

PV

Process variable
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PV-derivative type PID/PV-proportional and -derivative type (I-PD control)/Deviation derivative type PID

Type

Block diagram

Tag access
Contents FB
Tag FB

Deviation

PV—_ _ sv
derivative
type PID ”
(PI-D !

MV PV

Proportional (P)

Proportional gain I—'I Controlled system Ii"

Integral (1)

Imperfect derivative (D)

control) \

In the deviation derivative
type shown in this table,
there is a problem which
MV is rapidly changed
when SV is rapidly
changed because the
influence of its derivative
action is too large.
Therefore using PV on the
deviation enables to avoid
the influence of the sudden
change of setting value.
PV-derivative type is a
control method which uses
PV to derivative term
without using deviation to
reduce the drastic change
of MV by derivative action
in deviation change caused
by setting value change.
Itis called PV-derivative
type PID or PI-D control.

P_PID
P_2PID
(a=0,=1)

M_PID
M_2PID
(a=0,B=1)

PV-
proportional Deviation
and - 5
derivative
type (I-PD
control)

T Proportional (P)

i

MV PV

Integral (1)

Proportional gain l—'l Controlled system }——P

{—® Imperfect derivative (D)

In comparison with PV-
derivative type, I-PD type
uses PV on proportional
item in addition to
derivative item. P_IPD
This control is also P_2PID
applicable to the situation (0=1,8=1)
when the setting value is
changed, rapid change to M_IPD
final control element and M_2PID
system are expected to be | (a=1,=1)
avoided, and also slow
response is preferred.
However, a response to the
SV change becomes late.

Deviation

Deviation
derivative

type

MV

Proportional (P)

PV
Proportional gain |—>| Controlled system I——»

Integral (1)
Imperfect derivative (D)

Since target tracking P_2PID
performance of SV change | (a=0,8=0)
is high, applied for program
control and secondary loop | M_2PID
of cascade control. (a=0,B=0)
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<R>

Reverse action

In PID control, an activity to increase manipulated variable (MV) against decrease of process variable (PV) compared to setting value (SV).

(Example: heater)
<& Direct action

A Setting value
Manipulated
variable

MV

Process variable PV

Ratio Control

This control holds the proportional relation between more than 2 variables, such as a control that SV changes in a constant ratio to other

variables.
(Example) Air - fuel ratio control

sV

MV
Ratio
Rn

SV
Air | | g
| [

Fuel < gé >

Air
flow Rn = Air flow / Fuel flow
Fuel flow
MV
Bias

v

PV
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Reset Windup

Reset windup is a problem that deviation is accumulated continuously when an integral element exceeds saturation limit in the case of
excessive deviation. Also called Integral windup.

In order to reset the value to the high/low limit value when MV exceeds high/low limit, and to response immediately when the deviation is
inverted, a measure against reset windup needs to be implemented to stop the integral action toward the exceeded direction when the value is
exceeded the specific limit. (Bold line in the diagram below)

A measure against reset windup is implemented for QnPHCPU, and QnPRHCPU.

A

Deviation DV
t
| No measures against reset windup: tracking of MV is delayed
‘ f (dotted line) when DV decreases.
MV 4
A Measures against reset windup  : stop integral function to
o avoid reset windup. Execute
High limit value ------------~ T integration when DV integration
decreases.
>t
<S>

Sample PI Control

When PID control is applied on a system whose dead time is long, MV will be continuously updated before MV effect is confirmed.
Sample PI control executes only for a control cycle in every control cycle, and then holds the output after that.

>t

< STHT e STHT ple STHT e STHT >
ST: Operating time, HT: Hold time=STHT-ST, STHT: Sampling interval

Secondary loop

Secondary loop of cascade control
— CASCADE control
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Selection Control Square Root Extraction
(1) This is a control method that selects the necessary signals (high selector, low selector, intermediate value selector, etc.) among multiple v (root) calculation function. When measuring flow rate through differential pressure of orifice or venturi tube, the signal which is obtained from
sensor signals or operation signals to control the system. sensor has square characteristics. This control linearizes the signals. Process FB "P_SQR" is applied to this function.
(Example) When the highest temperature position changes, the control is performed by selecting the highest temperature among two or — Orifice, Differential pressure
more measurement points.
E1 P_SQR //E
Sensor —P \/
F-------- High selector SV
Position ﬁ— —© \ PV
chan.ge of Solenoid valve
maximum

j A solenoid valve opens/closes a valve with electromagnetic force.
PV FIC

U Standardized signal

An input/output process control signal (such as process variable signal or operation signal) whose range is standardized.
Even in a minimum process variable limit, a failure or a disconnection of transmitter or converter can be detected by applying 4mA current.

T T T

'
1
L}
'
'
:
'
temperature 1
1
L}
'
1
L}
'
'
L}
L}
'
L}
L}

Hiah select ot the PV Signal type Signal range

Igh selector selects the f

from several sensor signals Current S{gnal 410 20mA_DC
Voltage signal 1~5vV DC
Pneumatic signal 0.2 to 1.0kg/cm

(2) The process in which the value is selected at the output side is called override control. Example
4to 2
- ézlot?nA PLC 20mA| Electro- |0-2t0 1.0 kg/cm
PV1 S TIC Transmitter AD || PID || DA pneumatic
001 \ My conversion| | control | [conversion converter
PV2 Tc mv
002
(3) The redundancy of the system is realized by installing two or more sensors to avoid sensor wire break and trouble and selecting the normal
one.
(Connect multiple sensors, combine the low, high and intermediate selectors according to the status (when burnout occurs, the signal of Status tag
sensor is the maximum or the minimum.) when burnout occurs and obtain normal sensor signals.) A tag which contains a faceplate with the ON/OFF control function such as start/stop of electric motor or open/close of solenoid valve.
(Example) In case that the input signal from the sensor becomes maximal when sensor errors such as wire break occur. — Loop tag
Sensor SV

Low selector | SV
—{ 1o PV

TT‘
7 7

Setting value

FIC
v NS

(Remove the maximum value caused by sensor errors with low selector,
and the signal from normal sensors is considered correct.)

The value will be maximum when sensor errors occur.

SIMULATION mode

A mode to perform a simulation test using simulation I/O data instead of actual I/O data.
— 1/O mode
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<T> Temperature/Pressure Correction

When the fluid conditions (temperature, pressure), of which the differential pressure measured by equipment which has diagram such as orifice,

Tag

Tags for identification attached to process control equipment.

Tag number

Tag numbers are unique management numbers used for identifying process control equipment. A tag number consists of the variable symbols,

function symbols, and individual numbers. Prescribed by JIS Z8204.

1 1
' ! Temperature ., Pressure i - -
' FIC ' Flowrate Q = combction X correction X Coefficient  / Er'ggsrﬁ?gal
Example T | C 001 Variable symbol Function symbol ' U '
: Sy neron sy : : Measured Design
A Alarm ! - ! = PrESsule temperature , coefficient ,/ Differential
) C Correction 1 | Temperature pressure correction 1 Design Measured pressure
Variable symbol - — - 1 1 pressure temperature
« Indicates process variable. D Density or specific gravity : Pressure Temperature Difference : p T
T indicates temperature for this F Instgr\taneous flow rate ! ! = —_ X —  x Coefficient JA P
example. G | Position or length N I B I R ' P T
H | Manual operation v
Function symbol I Instruction P T AP T,T': Absolute temperature
. . . . K | Time ﬁ oy P,P': Absolute pressure
« Indicates functions such as instruction, — ® 1 | | |
correction, and alarm. L | Level such as liquid level
For two or more functions, indicate in the M_| Humidity or moisture
orderof: I, R, C, T, Q, S, Z. P | Pressure or vacuum
IC indicates instruction and correction for Q | Quality (Ex. composition, . _
this example. concentration, conductivity) Integration (Reference) Example of gas temperature/pressure correction
o R | Radiation Record Q: Measured flow rate (process variable of flowmeter), T: Design temperature (°C), T1: Measured temperature (°C),
— Individual number - . . .
. . S | Speed, rotating speed, ) P: Design pressure (kPa), P1: Measured pressure (kPa)
« A number to identify measurement and frequenc Switch o
control loop. q Yy _ When: temperature/pressure correction is {(T + 273.15) / (T + 273.15)} x {(P1 + 101.3) / (P + 101.3)},
001 indicates No. 001 for this example. \1; ;I'/gmpe_;ature Transmission formulas to calculate Q1= actual flow rate (after temperature/pressure correction), are as shown below.
iscosity
W | Weight or force
V4 Safety or Type Output characteristic of flowmeter Correction formula
emergency

This example indicates the loop number 001 which instructs and corrects temperature.

Temperature bias

Temperature/pressure correction operation uses absolute unit (absolute temperature, absolute pressure).

Temperature bias is a corrected value to convert design temperature/measured temperature to absolute temperature.

are not the same as the design conditions, it shall be corrected.
Correction shall be performed by process variable to multiply the temperature/pressure correction coefficient.

In addition, when equipment with diaphragm such as orifice is used, the obtained value is square of the flow rate. So that extraction of square

root shall be applied.

differential pressure type
flowmeter
(orifice, venturi tube)

Square-root characteristic

Q1=1Q x \/Temperature/pressure correction

Linear characteristic
(when square-root characteristic is
converted to linear characteristic)

Q1=Q x \/Temperature/pressure correction

Area flowmeter

Linear characteristic

Ql=Qx \/Temperature/pressure correction

Vortex flowmeter
(Karman vortex)

Linear characteristic

Q1 = Q x Temperature/pressure correction

Thermometer

A device which measures temperature. Representative types are described in the following table. Many thermometers are used in process
control.

Contact type Thermocouple (B, S, R, K, E, J) | -180°C to 1550°C (Temperature range as reference)
Resistance bulb (pt, 3-wire -180°C to 500°C

type, 4-wire type)

Thermistor -50°C to 200°C
Non-contact Optical pyrometer 700°C to 3000°C
type Radiation thermometer -50°C to 4000°C
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Tracking

Time PrOportlonlng Control Tracking is a function to follow-up a specific signal to accord with another signal.

Time proportioning control changes the ON/OFF ratio in proportion to the PID operation result, controls such as heater.
The following explains an example of using the tracking function.
(1) Tracking example of cascade loop
For the control loop which composes cascade loop, if the control mode switching of secondary loop is executed, the SV of secondary loop

PV—s M_2PID_DUTY |, Output shall be transmit to MV of primary loop, in order to prevent sharp changes of SV.
M_PID_DUTY 5 (ON/OFF ratio in proportion to MV. The following figure explains details.)
/\ ® When the control mode of quadratic loop is not CASCADE and the trucking
processing function is valid, transmit SV of secondary loop to MV of primary
/ \ loop and execute trucking processing.
The relation between MV and output: Output bit ON time of each control output cycle=control SVNe— | When the control mode of quadratic loop changes from AUTO to CASCADE,
output cycle (CTDUTY)X MV (%)/100 '/' ‘ as SV of secondary loop is identical with MV of primary loop, sharp changes
7/ of MV can be avoided.
| | | | I I | PV1 TIC E
Control output cycle (CTDUTY) } } } | | } i ® Mode change of secondary loop: CASCAE &+ AUTO +* MANUAL. Itis necessary
> T ! ! ! ! ! . / to change to AUTO Mode before changing to CASCADE Mode if it is to change
! ! ! [ ! ! ‘ Primary loop control
. I | | | I I | SV |/ MANUAL Mode to CASCADE Mode.
ON time | | | | | |
| | | | | | PV2 FIC MV

HHHHHHH

When MV is 25% "ot Secondary loop Control

(The ON time will be 25% of the control output cycle)
Secondary loop
When MV is 75%

[ ] ] | | | [
I I I | I I I
I I I ! | | I
N N N N N Y >
(The ON time will be 75% of the control output cycle) : 3 3 3 3 3 3
| | | | | |
I I ! | | I

,._/\_/ \_/( With trucking: SV of secondary loop does
When MV is 100% ‘ ‘ ‘ ‘ ‘ ‘ > not change sharply.

(The ON time will be 100% of the control output cycle) I ‘

When MV is 50%
(The ON time will be 50% of the control output cycle)

Without trucking: SV of secondary loop
changes sharply

_CASCADE mode | AUTO mode CASCADE mode

;L

Tuning trend

A trend screen which displays a tuning status of loop in real time. It displays PV, SV, and MV.
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<\/>

Velocity type PID Control <2>

Velocity type PID control is an operation method to obtain difference (AMV) between PV and SV. AMV from PID operation is added in the OUT
processing and the manipulated variable MV is output because the velocity type is a computing method to obtain operation difference AMV by

2 position ON/OFF Control

comparing to values of previous operation. Compared to PID position type, velocity type is more convenient in operation of bumpless manual- This is a method that outputs 2 steps of MV signals for deviation to control the system.
auto switching, prevention of reset windup, complicated control and slow change when gain is changed. Hereby the velocity type has become
the mainstream choice. +
Deviation 4
Current MV = the previous MV + current change AMV (%)
Example of velocity type process variable derivation PID using PLC FB instruction. T e T e T e A
. ! Hysteresis HSO (%)

1
:OUTl instruction FB1 Module FB
1

' 4t0 20mA
! B
1

sV MV
> Proportional (P) Proportional gain 'AMVI Addition Eéﬁversion p| Controlled | PV ‘ MV ‘100% 0% 100% 0% |100%
| ] system
A P . module
—| Integral (1) '

T finspector]
———imperfect derivative (D) Direct action DV (%) = PV (%) — SV (%)
___________________________________________ 1 Reverse action DV (%) = SV (%) — PV (%)

R et Lt . Module FB

! . . ! . .

! PHPL instruction FB ii ! INinstruction FB i SV (%) = {(SV - low limit of engineering variable) / (high limit of engineering variable - low limit of engineering variable)} x 100
—:—|Highllow limit alarmld—ﬂ—:—hnalog input processing| < I é(l)erlversion :4 t0 20mA PV (%) = {(PV - low limit of engineering variable) / (high limit of engineering variable - low limit of engineering variable)} x 100

| " i ! module Hysteresis (%) is the percentage to (High limit of engineering variable - Low limit of engineering variable).

<W>

Watchdog timer error alarm

An alarm which occurs when a status answer back time takes longer than the specified time after the control command such as open/close is
output. A disconnection of control line, control power OFF, and contactor failure are possible causes.
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2-degree-of-freedom PID Control

2-degree-of-freedom PID control is a control method which can optimize PID constants for both disturbance response and target tracking as

compare to the former PID control. 2-degree-of freedom parameters, a and 3, are used for this control. (When both a and 8 are 0, the control is

the same as the former PID control.)

* In conventional PID control, the optimum PID constants that correspond to SV change for target tracking and disturbance response differ. This

causes an antinomy such as when the optimum value is set for one side, the value of the other side is not optimum.

Feed forward compensation elements

Td-s }
1+71n-Td-s

—-Kpx{a+BX

Proportional (P) Derivative (D)

> 1 External
Proportional (P)
SV 4 + ¥t =3V
—‘—’O—‘—' Til-s 4’<>_' Kp Controlled | @
vl - system
Integral (1) Gain
Td-s
1+7-Td-s
Derivative (D)
QnPH/QnPRH PLC 2-degree-of-freedom PID operation expression
Direct action Reverse action
Deviation DVn DVn = PVn - SVn DVn = SVn - PVn
gmm variation | AMv = Kp x { (1—a) x (DVn - DVn-1) + (T:—T xDVn+(L-B)xBn + axCn+px Dn }
i
Bn Bn=Bn-1+—MIdxTd . ¢ pyn.2Dvn-1+Dvn-2)- —STXB-1
Md x CT + Td Td
Cn PVn - PVn-1 —(PVn — PVn-1)
Dn=Dnl4—MdxTd Dn=Dn.l 4—MdxTd
Dn Md x CT + Td CT x D1 Md x CT + Td
x Dn- .
{(PVn-2PVN-1 +PVN2) - ===} {- (PVn - 2PVn-1 + PVn-2) - CTT—dD“ }

Kp: Gain Ti: Integral time Td: Derivative time Md: Derivative gain ~ CT: Control cycle

DVn: Deviation DVn-1: Previous deviation value DVn-2: Deviation value before last PVn: Process variable
PVn-1: Previous process variable PVn-2: Process variable before last

a: 2-degree-of-freedom PID parameter (feedforward proportional)

: 2-degree-of-freedom PID parameter (feedforward derivative)
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When 2-degree-of-freedom PID control is applied, characteristics can be changed by adjusting a and 8 after the constants of P, | and D are
determined.
When a = 0, B = 0: Deviation PID
Derivative action is effective to deviation (difference between setting value and process variable), so that the target tracking
performance corresponding to the change of setting value will be better.
When a =0, B = 1: PV-derivative type (Basic PID control in PX Developer)
As derivation operation is effective to process variable, in comparison with derivative PID, disturbance response will be accelerated.
On the other hand, the target tracking performance corresponding to the change of setting value will decrease.
When a =1, 8 = 1: PV-proportional and derivative type (I-PD control in PX Developer)

As both proportional and derivative action is effective to process variable and integral control action is effective to deviation (difference

between setting value and process variable), the target tracking performance, in comparison with PV-derivative PID, will decrease
corresponding to the change of setting value.

This control is also applicable when over shoot is not allowed and when the setting value is changed, and rapid change to final control
element and system are expected to be avoided, and also slow response is preferred because the manipulated variable does not
change suddenly in change of setting value

/7 PV derivative type PID (a=0, p=1)
p=1

2-degree-freedom parameter:
(Feedforward derivative)

PV-proportional and derivative type PID
(I-PD control) (a=1, p=1)

a=1
2-degree-freedom parameter:
Deviation PID (Feedforward proportional)
(=0, B=0)

« The response of traditional PID control (1-degree-of-freedom) and 2-degree-of-freedom PID control

Traditional PID control (1-degree-of-freedom) 2-degree-of-freedom PID control

Optimum value for setting value change o ---->  Not optimum for disturbance x Optimum value for setting value change o ----> Optimum value for
disturbance o

4 A

Optimum value for disturbance o ----> Not optimum for setting value change
X

i | //\\/\/—

—>

t t

« Adjustment method of 2-degree-of-freedom PID control
(1) Calculate PID constant by using auto tuning.
(2) Fine tune PID constants (basic parameters of PID: Kp, Ti, Td) to optimize the response performance for disturbance if necessary.
« Proportional gain Kp
If Kp KP is tuned down, the manipulated variable will become smaller, and it will take a longer time to be stable.
If Kp is tuned up, the manipulated variable will become bigger, there may be oscillation in response due to the enhancement of
compensation operation.
« Integral time Ti
If Ti is tuned down, integral control action will be enhanced, and the response will sometimes be oscillation. (Oscillation period
becomes longer.)
If Ti is tuned up, integral effect will be smaller, and it will take a long time to be stable.
« Derivative time Td
If Td is tuned down, derivative effect will be smaller, and derivative will only effect for a short period of time.
If Td is tuned up, derivative effect will be bigger, short-period oscillation will occur, and sometimes the system will be quite unstable.
(3) Hold the optimum disturbance response, while adjusting 2-degree-offreedom parameter (a, ) to optimize the target tracking response.
« If a'is tuned up, the manipulated variable in relation to setting value change will become smaller, and it will take a longer time to be
stable.
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If a is tuned down, the manipulated variable in relation to setting value change will be bigger, and response will sometimes be
oscillatory due to the enhancement of compensation operation.

« If B is tuned up, the derivative effect corresponding to setting value change will be smaller, and derivation will only effect for a short
period of time.
If B is tuned down, the derivative effect in relation to setting value change will become bigger, and short-time period oscillation will
occur, sometimes the system will be unstable.

The response performance corresponding to setting value change when a is changed is as follows.
Quick: a = 0, Medium: a = 0.65, Slow: a =1
(Here B =1. the derivative action corresponding to setting value change makes manipulated variable change sharply (kick), and shocks
on the final control element and system. Therefore when 8 =1, usually treat the derivative action in relation to setting value change as
invalid.)
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2-degree-of-freedom advanced PID control

—2-degree-of-freedom PID control

2-degree-of-freedom advanced PID control tag FB (M_2PIDH_) is an advanced tag FB by adding functions such as: MV compensation, PV
compensation, temperature/pressure correction, tag stop, PV tracking, preset MV, MV rate-of-change limiter, and cascade direct to 2-degree-of-
freedom PID control tag FB (M_2PID). From simple controls to advanced controls such as variable gain PID control, compensation operations,
correction operation, and feedforward control, this tag FB can be used in a wide range of controls.

The following table shows the main internal functions. (For detailed block diagram, refer to section 4.1.)

Processing input area

PID operation area

Operation output area

Range check (Sensor error detection)

SV rate-of-change limiter

AMV compensation

Input limiter

SV high/low limiter

AMV variable gain compensation

Digital filter

PV tracking (PV — SV)

AMV integration

Temperature/pressure correction

Deviation check

MV compensation

Square root extraction

2-degree-of-freedom PID operation

Preset MV output

Function generator

Disable alarm detection

MV hold

First order lag filter

Auto tuning

MV tracking

PV compensation

Integration stop switch

MV rate-of-change high/low limiter

APV compensation

Deviation stop switch

Anti-reset windup

Processing at sensor error

Loop stop/execution

MV reverse

High high limit/high limit /low limit/low low limit check

Output conversion

PV rate-of-change check

Disable alarm detection

Disable alarm detection

Processing at sensor error

Cascade direct

<3>
3 position ON/OFF Control

This is a control method that outputs 3 steps of MV signals for deviation to control the system.

Hysteresis HS1 (%)

Hysteresis HS1 (%)

RN EN RN
Deviation l Hysteresis HSO (%)
oy [TTTTTTTmmmmmmmmmmmmmmmmmsmmsessmesmnegnes ARhi iy’ S S
(%) ; Hysteresis HSO (%)
0 1 ! y >t
| i i | Hysteresis HSO (%)
< ! I A . A
: ! ' | Hysteresis HSO (%)
| MV ‘100% | 50% ‘ 0% ‘ 50% ‘ 100% |50%

Direct action : DV (%) = PV (%) — SV (%)
Reverse action: DV (%) = SV (%) — PV (%)

SV (%) = {(SV - low limit of engineering variable) / (high limit of engineering variable - low limit of engineering variable)} x 100
PV (%) = {(PV - low limit of engineering variable) / (high limit of engineering variable - low limit of engineering variable)} x 100

Hysteresis (%) is expressed by percentage corresponding to (High limit value of engineering variable — Low limit value of engineering

variable).
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