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Purpose of This Project

#Experimental study of batch control
using IEC 61499

# Discuss system design and design
methodologies
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System Over View
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Coupled Tank

2003/1/22 Yamatake Corporation 4



N

Physical Model

Process
Cell
TANK MASTER
SENSOR PC PUMP PC
PID TRANS BATCH HMI
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Tank
’ L evel Sensor Pump

& Instruments ‘ FE?
s Tank A

s Level sensor
n Pump Tank

# Function = =
s Level control

#* P|D
PC PID Control

= Auto/manual ﬁ—
= Remote operation o " Mariahies .

Network

Voltage t—3p| A}/O Voltage
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Batch Procedure
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Process Interface

Analog Input

Analog Output

Interface

Interface

EVENT REQ CHF EWENT
Al

BOoOL—H&— QI Qo BOOL

INT B—Channel STATUS - WSTRING

IN & LREAL

EVENT REQ CHF EVEMT
AQ

BOoOL—8—QI1 Qo BOOL

INT B Channel STATUS—B—WSTRING

LREAL—HE—0OUT

normal_data_transfer data_transfer_error

APPLICATION RESOURCE AFPPLICATION RESOURCE
REQ+ REQ+
CHF+ CHF-
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Level Sensor

Al Alconvarsio
EVENT REQ CMF EVENT rea-RED %g CHFECnF
SEMSOR i
BOOL o (]| Qo8 BOOL Q1 a0 ooboo
INT BChannel STATUS —H—WSTRING Charnel-Channel STATUSFSTATUS  Channel—{Chan HOUT | Ht
Ht & REAL I

AlConv:

Linearize voltage from sensor and the actual height
VIN : (voltage)

HOUT : (% of 0-300mm)
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Pump

Interface Body

Canversion A0
EWENT REQ CHF EWEMNT REQREDQ I:I\E RELQ CHF - CHF

PUMP Al
BOOL—&l Qo BOOL
INT H{Channel STATUS —E—WSTRING

—Iﬂﬁhannel STATUSSTATUS
REAL B—vF

ol Qoo

AOConv:
VP : (%)
VR : (voltage)
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HMI and Control

_‘ 1 L o 1 L C m "—%
HMIFEH  PID [wv [ TANK]
|
1 Separate
= | *PID tuning
1 L ] L . .
i r «Batch Monitoring
HMI[ 5] PROXY
HMI
[ .ﬁ\
\\\%\ Network
] C 1 C 1 C
— =
PROXY [ PID MV TANK E
it ]
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Sub Application of the Tank

LN

Application in the tank unit

CLK

START EO

START

E_RESTART

BE00 ms

STOP

L L

E_CYCLE
LT

TAMEK

|

INIT  INITO

R RO

L RO
TANK_REAL
1@l Q2o

"224.0.02:1029"
"224.0.02:1025"
"224.0.02:1026"

FACE
INIT INITOO
REQ  CNF

IHD_W

IND_F

START
1 L
Hh|_F RO
]} Qo
SFl AUTO
Pl SP
MWl hVm
v FB
IL_F TI
IL_s  TO
Io_o

"224.0.0.2:10228"

CTRL
INIT INITO
REQ LCHF
SET SETO
i
YC_FI_R
ALTO ki
P
=1
ot m
FB
TI
TD
CYCLE

050

FEED LEWEL[
STATUS_L
STATUS_P
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YC PID R

A
U
FID
EVENT INIT IMITOF——EWENT
= _ IMIT INITOFINITO
EVENT B—REQ CMF HP—EVENT
2 FL REQ—|REQ CMFCNF
EVENT —F2 SET SETO EVENT
:| |: INIT R RLO :| |:
R SET iR WRO-SETO YC_PID
-7 AUTOHAUTD i = by
BOOL BaUTO by —E—REAL :I I:
A FILE_RW_3R Py Py
REAL Py
true —{21 (w]n] SP-SP
REAL B sF
1 "R PARAMS. B JPARAMS STATUS hAvim —{hWm
REAL B m
FE S0 RO FE
REAL —F FE
TI-s02 RDZ I
REAL —F Tl
i TDHSD3 RO D
REAL — T
CYCLE - CYCLE
REAL BCvCLE

FILE. RW_3R:
Read and Write 3 data in order to
memorize PID parameters.
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YC PID

Interface ECC
EVENT ——{INIT INITD|—— EVENT
EVENT —B—REQ  CNF -8 EVENT 1 1
YC_PID REL INIT
BOOL—EAUTO My E— REAL /
REAL —EPY [rREal—rEa|cnF] [T —{niT finiT o

REAL H—SP

REAL B hdm
REAL H—FB
REAL H—TI
REAL HTD
REAL B—CvCLE

Input Variables TI REAL Integral Time (Sec)

AUTO BOOL 0-manual,l-auto TD REAL Derivative Time (Sec)

PV REAL Process Variable CYCLE REAL Sampling Interval (Sec)

SP REAL Set Point

MVm REAL Manipulated Variable

in MAN mode Output Variables

PB REAL Proportional Band (%) MV REAL Manipulated Variables
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TANK_REAL
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Interface Body
LW SEL S
EWENT BEINIT INITO 5 EWENT R CHE £ Em El ook RO
EWENT £ RD RCO £ EWENT I:‘ £ eo4 Fwreo
EVENT —H 'R WwRO = EWENT SENSOR :I I: :| |:
:| |: o=l Qo E_SEL_BOOL E_SWITCH
flaialate o O-Channel STATUSFSTATUS_L |—IMEI o} c)
BaaL {1l oo 88 BOoL Ht LEVEL N auT koo
REAL = FEELD LEWEL = REAL
STATUS L WETRING EME
STATUS_F WS TRING L
Q=i (niu]
O—Channel STATUSSTATUS_F
FEEL —|vF
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HMI _PROXY
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Interface Events
Inputs
EVEMT BHINIT INITO5 EWVENT
R I A L I REQ: for monitoring
IND_F H—EVENT
START EVENT
] L Outputs
HWI_PROXY
BOOL B0 Qo088 BOOL
IND _V: for batch control
IND P: for PID tuning
WSTRING B0 _W PB REAL —
MSTRING H IL_F TI REAL
MSTRING i ID_5 TD REAL
WSTRING =) I0_D
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HMI and Control

_‘ 1 L o 1 L C m "—%
HMIFEH  PID [wv [ TANK]
|
1 Separate
= | *PID tuning
1 C ] L . .
i r «Batch Monitoring
HMI[ 5] PROXY
HMI
[ .ﬁ\
\\\%\ Network
] (I 1 . 1 C
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PROXY | PID [wmv | TANK E
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HMI for PID Tuning

ﬁg PID TUMIG

® AUTO (0 MAN SP

[49.945595 MV [19.953451 ;
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HMI for PID Tuning

LN

Application of HMI

START

E_RESTART

true —

CTRL

INIT INITO

SET_W SET_wO

SET_F SET_PO

FACE
INIT INIT
RED CHF
IND_\
IND_P
START

]

[

Hh|_PID_TUN_[

al
AUTOI
ISP
hA%ml
FBIl
TH
T

SFI

Pl

(LR

Qo

AUTO

SP

"' mm

FB

Tl
TD

"224.0.0.2:1024"
"224.0.0.2:1025"
"224.0.0.2:1026"

"224.0.02:1028"

START IND
A
FID_PROXY

al Qo
AUTO sPO
SP PO
hAWm MWD
FE

T

T

ID_

Ib_F

ID_%

ID_I»
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HMI for Batch Control

EES HML TUNIG

IIIIIII
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Batch Control and H

LN

Application

START

E_RESTART

true —

FACE
INIT INITO
REQ1 CHFA1
REQZ CHFZ

START
[
HMI_BATCH
al Qo
SP1
P
1
SP2
FWZ2
hiW2

CTRLA

INIT INITO

SET W SET_WO

START ML

I .

BATCH_PROXY

BATCH
INIT INITD
REQ CHNF
RD1 SETH
RDZ SET2

I

BATCH_CTRL_C_S
P AUTOA
Pz 5P
hWm

AUTOZ

5Pz

hvmE

al Qo
AUTO SFO
SP Py
hiv'm hiW

CTRLZ

INIT INITO

SET_W SET_WO

START ML

o

BATCH_PROXY

al Qo
AUTO SFPO
SP FwO
hiv'm w0

I
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Tankl Tank?2

Procedure

=)

SQ1) Set SP of Tank#1
SQ2) Set SP of Tank#2
SQ3) Discharge both tanks
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Batch Procedure

SO1

SQ2

Tank1

SP1

Tank?2 Tankl

=)

SP1

Note:

Tank?2

SQ3

=)

Tank1

Tank?2

If Tank#1 level have been disturbed in SQ2,

step back to SQL1.
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Batch Procedure

N

L/

Interface

Body

EVENT ——START FIN EVENT e {FILL_TK1 —{FILL_Tk1|sET1]
START
EVENT ——ThI Tht (5 EVENT ;
EVEMT —EF—RD SETH [{—H——EVENT
SETZ B—EVENT 1 1
] [ [MaNTAIN—ManT AN |5ETZ |
BATCH_CTRL_SEQ DISCHARGE|SETH STABLEA
BOOL—HHSTABLE1  AUTOM — BOOL [o1scHaReE[—] AL
Jr Fn | NOT STABLET it 1ic |—jwai_Ti1 [TM|
pOOL—ESTABLEZ 5P REAL
b = REAL Thl
AUTOZ B—BooL Tl
5Pz B— REAL
b B [wsaat_tiez—paeaat_tiez [T
[FiLL_Thz F—FiLL_Tke[sET2|
T8 TIME |
STABLEZ 1
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BATCH_CTRL
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L/

Interface Body

EVENT ——REQ CNF ———EWENT CTRL
EVENT —H—RD SETI [ EVENT TIMER REQ-START FIN[-CHF
SETZ B—EVENT START EO Thl Thi
:| |: 5TOP RO RO SET4FSETA
BATCH_CTRL :| |: SETZ[ SETZ
BOOL—HSTABLE1 AUTO1 —H BOOL E_DELAY :| |:
BOOL—E—|STABLEZ  SP1 REAL T BATCH_CTRL_SEQ
b1 £ REAL STABLE1—{STABLE1 AUTO1FAUTOM
AUTOZ B—RooL STABLEZ STABLEZ SF1FSF1
SPz f— REAL v - bymd
vz B— REAL AUTOZFAUTOZ
SPZSPZ
MV m2 - My mz
DT—|
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BATCH_CTRL_C_S

Interface

Body

EWVENT —
EWVENT —

EVENT
EWVENT

INITO—
CHF—

]

INIT
REQ
RL1 SETA
RDz2 SETZ2

i

BATCH_CTRL_C_S

REAL

m

m

EVEMT
EVENT
EVWENT
EVENT

P AUTOA

REAL

BOOL

Py2 SP4

fanl

REAL

hdfm

m
)

REAL

AUTOZ

BOOL

SP2

m
L

REAL

b m2

REAL

REQ - REQ

CTRL CHiA
CHF [FCHF IMIT—INIT INITO
RO SETH RESET RESETOD
SETZ COM1 Rb1—REQ CHF
] [ —1REQ |:NF|—5ET1 ] [
BATCH_CTRL CHECK_DST
STABLEY AUTOA - ALTOY Conv_5P | _spq 14 (ola]
—STABLE2  SP{ N ouT sp G
b - hdvm 0-|Chan 14TOL
AUTOZ - AUTOZ 10—H \ Process variable
SF2 Fl —|IN Checking
MVIm2 [~ MVm2 / function block
L CHEZ
INIT INITOINITO
RESET RESETO
CONWZ RD2-{REQ CHF
—|RED I:NF|-SET2 :l |:
CHECK_DST
Conv_SP 14 (o]
IH DUT’JSPZ SF &
1-Chan 14T0OL
10N
Pwz {IN
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Result of PID Tuning
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TANK2

101
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Result of Batch Control (1)

N

100
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80
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60 — PV1
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— SP2
40 —PV2
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Result of Batch Control (2)

N
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