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ABSTRACT

This thesis presents a software technique to minimize a data link limitation for
communications between two programmable logic controllers (PLCs) installed on a
control and communication link (CC-Link) network while improving an existing
conveyor handling system at a wooden pallet manufacturer. For new requirements to
upgrade a pallet sortation to be automated by installing new robotic handling unit,
unfortunately, its PLC using an interface module modeled FX2N-32CCL (or slave PLC1)
cannot receive all specified data of pallet production models from the existing master
PLC using intelligent module modeled QJ61BT11IN in one communication cycle due
to limited data links. Two new function blocks named FB SEND and FB RECEIVE are,
therefore, created accordingly to the IEC61131-3 standard for adding to the existing
ladder diagrams, which execute on the master PLC central processing unit (CPU) and
slave PLC1 CPU, respectively. Experimental results verify that the operations of two
created function blocks can provide data transfers correctly between the specified
sources and destinations. The data received at the slave PLC1 CPU are similar to the
data sent from the master PLC CPU. With the proposed solution, the desired conveyor

handling system can be upgraded according to the manufacturer’s requirements.
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Local station Local station
(Station number 1: (Station number 2:
PLC CPU Master station occupies 1 station) occupies 4 stations) PLC CPU
Fomm e - R A oo mmmm e A P - oo o
; E i Remote input RX i E Remote output RY 1 i Remote output RY E
: ([ RXOFto Rxoo},L{ RYOFtoRY00] 1 | 3) i [[ RYOF toRY00] :
; ; ; RX1D to RX10] [ i |[lIRY1Dto RY10| [ ; RY1D to RY10 :
: | ||-R2FeRx0l) | ([ RY2Et0RY201) | ¢ (] RY2EtoRY20] E
i | i RX3F to RX30 i RY3F to RY30 | | | : RY3F to RY30 i
! RX4F1oRX40]| ! |[ RV4FtoRY40]|: = ! |[ RYAFtoRY40| i
: : ") Rx5Fto RX50 | (1 3) ! J[ RY5FtoRY50 | (2 3) i J[ RY5F to RY50 '
i i i || _RX6F to RX60 | | | i || _RY6F to RYGO | | i | | _RY6F to RY60 | i
i E i RX7F to RX70 3 E RY7F to RY70 E E RY7F to RY70 E
' ! RX8F to RX80 || | i [L RY8FtoRY80 || | i | [ RY8F to RY80 | :
i i i RX9D to RX90|) | i RY9D to RY90|) H RY9D to RY90 i
i ! | | RXAFtRXp0| ! ! [ RYAFtoRYAO] ! ! | RYAFtoRYAQ] i
i i i i | H | i i
5 L o P 0 o o P 5
E E i RX7FF to RX7FO| | ' RY7FF to RY7F0| ! i |RY7FF to RY7FO | 1
L —— J R . [ J b s s R J
|]] -=== The last two bits cannot be used in the communication between the master

and local stations.
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Local station Local station
(Station number 1: (Station number 2:
PLC CPU Master station occupies 1 station) occupies 4 stations) PLC CPU

Remote output RY Remote input RX Remote input RX

| [FRYoERY00]\ . 7) [ RXOFtoRX00] 1\ 7 | f[ RXOF toRX00]) !

i ' | lHIRY1D to RY10]| [ | o LIRX1D to RX10] [ | - LIRX1D to RX10] | i

: . [L.RY2F toRY20 || L || .RX2F to RX20 | | | _RX2F toRX20] | | .
: ] ' | [_RY3F to RY30 | 1 " |[_RX3Fto RX30] | ! | || _RX3Fto RX30 || ! : '
5 | _RYAFtoRY40|| : ' |[ RX4FtoRX40]| 1 ' |[ RX4FtoRX40|L 8 : ;
| ; ) CRY5FtoRY50] 1 7))+ J[TRX5Fto RX50 | (1 7) ) [ RX5F to RX50 | [ | ' \
‘ i i | [.RY6F toRY60 || ! o || .RX6F to RX60 | | ' | L _.RX6F to RX60 | | ! : i
| i | LRYZFtoRY70|| i | |[[RX7TFtoRX70|| ! | |[_RX7FtoRX70]| ! = |
: ! i | |..RY8E to RY&0 | i || RX8F toRX80 | | ! RX8F to RX80 || | ;
| : ! ([[IRY9D to RY90] ) ! . [ [[IrRX9D to RX90] ] : ' ||lIRx9D to RX90 ) ! H
i {1 | RYAFtoRYAO| | | | RXAFtoRXAO| | i | RXAFtoRXAO| | !
3 1 O to A to @l ( to P
i ‘ ' RY7FF to RY7F0| ! ! |RX7FF to RX7F0] ! ! RX7EE to RX7FO] ! "
i _Tos Y8 4 MILN k- . J AT A AN 3 . G\ 3 S J

ﬂ! =--- The last two bits cannot be used in the communication between the master

and local stations.
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Sequence program

-

Converted into

a component FB
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X1' |
Count_Num1 3
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:: (Count process 2
T
Count_Num2 ¢ ,
" | iCount o C UP Xoe2s
[ &yyrdnusaiuns | [ doandnwalioninn | [ a¥19 Buma 1o1vm Tullsunsy |
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(7

—] : Input device
(Device that becomes
an input label)

K12

{incP

Lol

—_

77777711 Output device
H i (Device that becomes
| — i an output label)

Input device X1

| =" : Internal device

: (Device that becomes
an internal label)

Iinnut label
np

(VAR_INPUT)

Bit

Output device | Y12

Ouiput iabei
(VAR_QUTPUT)

Internal device | D1

Bit

Internal label (VAR)
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Project
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4 ¥ Global Device Comment
1 Global Label
[+ s Program Setting
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= :_) Program
= ) MAIN
ﬁ Program
Ky Local Label
-1 & FB_Pool
=il Count_Num
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2 FDaaTwe Sl

7

=

[
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i f
@l

Local Label
Str

) Local Device Comment
+ & Device Memory
Device Initial Yalue

R0 K3 K3 K3 23 2 24 £ G R R RN R R R s i

[ | 2hal Nama

¥ Nata Tune
|

Constant
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VAR NPT < i Connt
b S
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VAR QUTPUT Lo Clp
i
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ord|Sianed|
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ki Local Label

=/ @ FB_Pool

{ Sh'uctrred Data Types I
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+|i8 Device Memory
Device Initial Value I
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Lounter (VAR range] O port used
lmnhhlh_ﬂmmﬂ I‘ ~3r7. Pl S = o\
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When the input (X1) The output (Y12)
is turned ON 12 times, is turned ON.
.

x1 Count_Num_1

ot B:i_Count o C_UpB H {Y12 b

Count_in Count_ou
1

[ 14) {END 1
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Iolngldrruwugiinunagnisned BSET way BRST dayaila/Undwmsuudazinvesdidmineg

| B_run ind_Bddmen{0}

bt ] |— S —— iBfaET fevei Ko }

[ i |

T T LERST i wolT s K5 J

JUT 2.32 wandl addernaluilsdduuion Count Num 1 fiasnstu

13

2. n13ondstayandeiilosiunaissignisluiledduvdien reflasves

o % L3 v a (3 o %

dydnuwalidudunauaziondnevesilsiduvion awnsadndiludidyardnvairiv
meluilriduuden 18 Tag3sdeioluil dregavasthofiusunpesunelidiudng
2.1 Al D register faus D1000 & n point ulusinsuman
2.2 53y D1000 lUgaiherdudune Heiduuden
2.3 Tuilsiduuden angleuludulraiiuaielu BMOV a1n

Unefiudunm (i_Write_Data) g4ga n 30

D1000] i Write Data ) i int_Write_Data[0]

+1 (1]

2 (2]

+3 ) (3]

+4 | BMO d 4]

i [ V] (n word) 5]

+6 6]

. n=i_Num_Write_Data :

- 1) L -]
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Label name Type _ Purpose
int_Z_tmp[0] bit For saving index register Z9
int_Z_tmp[1] bit For saving index register 28
int_Z_tmp[2] bit For saving index register Z7

A int_2_tmp]
frgv- z7 -2 Whpi2)
{MOV . int_2_tmpj0]

{Mov  int 2 tmpit] 28
P 7 ot 2
MOV 1 Z_tpi2

|

JUT 2.34 uanssnpgnansusdosdauds Z7, 78 wae 29 Tu flsiduuden

28
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Assemble Station
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1 CE-ink Mastar
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PLC

m Mitsubishi Q03UDE

CClimkVor 1
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Mitsubishi FX3UC
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Digital O Robot Digital IfQ ?
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System Device Manufacturer

Master Station CPU : Q03UDE Mitsubishi
CC-Link : QJ61BT1IN Mitsubishi

Robot Handing CPU : FX3UC Mitsubishi
CC-Link :FX2N-32CCL Mitsubishi

HMI : GT1055-QSBD Mitsubishi

Assemble Station 1 CPU : FX3UC Mitsubishi
CC-Link :FX2N-32CCL Mitsubishi

HMI : GT1055-QSBD Mitsubishi

Assemble Station 2 CPU : FX3UC Mitsubishi
CC-Link :FX2N-32CCL Mitsubishi

HMI : GT1055-QSBD Mitsubishi

Assemble Station 3 CPU : FX3UC Mitsubishi
CC-Link :FX2N-32CCL Mitsubishi

HMI : GT1055-QSBD Mitsubishi

Assemble Station 4 CPU : FX3UC Mitsubishi
CC-Link :FX2N-32CCL Mitsubishi

HMI : GT1055-QSBD Mitsubishi

Assemble Station 5 CPU : FX3UC Mitsubishi
CC-Link :FX2N-32CCL Mitsubishi

HMI : GT1055-QSBD Mitsubishi
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Number of Modules Il 'Im Blank : NoSetting [ Set the station information in t
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wF e W ROF Aw'wl
Wi Bivrl W0 Fiw'wl
Wi 5 Fivirl Wi 5. |Hwl
Wi faw w2 Wi wud Fvfud
[ R} won Pl
Wi Fowedl W Riw'wll
WS & Fiwfr! L . [ Al
Vg L] anrd WNE ==p Fiwwd
WiT Fiwfrs Wt | Frw'wd
(n) (v)

U7 3.6 uansgUnsalénsds ves host station RWr (1) RWw (%)

M13199 3.2 Wan Negvasiiusanglu PLC Masters (Q Series)

Device Station PLCs Tag Address (Q Series)
RWr RWw
Master 0

Robot handing 1 WO to 03 W1000 to 1003
Assemble 1 2 W04 to 07 W1004to 1007
Assemble 2 3 W08 to 0B W1008 to 100B
Assemble 3 a4 WOC to OF W100C to 100F
Assemble 4 5 W10 to 13 W1010 to 1013
Assemble 5 6 W14 to 17 W1014 to 1017
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nszuIUNITHAAT USuUTalmiazdulufl PLC master Wag Robot handing 1umnan insizinaile
nsuUsul Al sunsuagdnanldiu Robot handing Afiausiaansteyadnuiuuni Ingazuuaiy
2 dufe

- InFesleyadmiunimds (PLC Master)

- dnestayadmiuniatu (PLC Slave)

3.4 dauauuIfnn1sdnitesdayadmuniadinazniniu

Master PLC Slave PLC
PLC CPU CC-Link Master CC-Link Remote Device PLC CPU
(QU3UDE) (QJ6IBT1IN) /_\ (FX2N-32CCL) (FX3UC)
Memory _Buffer Memory _ Cyclic Remote Registers Memory
| W1000 1| iLink Scani | | ‘Word Data (RWw0)
| W1001 ! Word Data RWw1) | [<FROM"
Saal L >
| W1002 ! Word Data (RWw2)
Device Registers | W1003 | ‘Word Data (RWw3) Device Registers
A ll‘or ol el S for
utomatic ‘FROM’/*TO’
Refresh =t — I
Parameters | W00 ! ‘Word Data (RWr0) nstructions
N
| WOl : ‘Word Data (RWrl) “TO®
H wo2 ! Word Data RWi2) | [
| W03 : ‘Word Data (RWi3)

3UN 3.7 Uanansiaualdfnnsdnselerad s unnduarainsy

wanawIAnveINITeulyayaseninunamesiueaduavaan ivead dmsun1sdedns

'
=

WUU CC-Link agfmungasndlisgnstaaulag 1 annil Seasgnimualiyannusidrsesnielu
Tuga QJ61BTIN Aiduederiendn Wudiu 4 fuvs mnmsisegimundudsGududmiuns
dstoyalda w1000 sl wag MudsBududmiunissudeyalis wo Husuly diuannides
wiegninoazimunlifiluga FX2N-32CCL ganuard1ses nelu Tuga 1 and dauusiiudy
dmsumsiudeyal i (RWWO-RWw3) $1uau 4 fuds way fmusfudsGududmiumsdstoyald
7 (RWr0-RWr3) 99na57al 3.4.1 ilelaiga FX2N-32CCL Sutegaunudiazgnifulifynnnudidises
rou naflazanunsnideyadudinldldFesiu yndd FROM fifndeulilulusunsulasaziie
Fayaan (Rwwo-Rww3) luldlifidiuusaeludivead lunsalifieadudisdesnisdsteyann
aaiueadlufunanesfiueadfdesitugnmds TO iiuynmuddsasvasluga FX2N-32CCL
nauazgndeanludaniidnen nflugIuAnres CC-link yilis1gnandanisiu uazds i 16 &

wUs dusimun Tiluga FX2N-32CCL Wuanfifnl-4 91niugnufsd 15169015 fuusiiannaus

sosinlugaiosessutoya vilisduwiAnilidnlunasseaiivansuas wivziun1sdnnis
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malusunsuisandunuiisiduntsuidymszerdulaslidmalagdedeyalusunsumunuiiiod

[ | o

dusulgmedged Jafinsuiausnisasisudenilsiduiinead auisnsinsesudonileiduass

Y

a

Ufienda FB_SEND uay FB_RECEIVE wiabiinasonisldeu lnanielu aggnidieudie Ladder iite
d1gsan1snsiadeunnly vdenitenduinauly Ifgveswnawmesiiuead way dRgvesaaniiuead

ey edsanluga FX2N-32CCL winfu 1 aandl (fa3Uil 3.4.2) masudiunisdng vesudon
laruiiasret umaniaslvanusodsdoya 20 dauus Afdoya sunanis 5 andl aoniisenoy
1 fa 5 :nmsimuadudslugis D00-D19 vesdfigues nawmesfiueatludsaanfinoadfifiun
#auuslugae D100 4 D119 e FigvosalanfiLoad A15197 3.4.2 Uwana AamoifiLoaduay
alaniiuead dvsumsimuaseuiideanisdeyaazsiiu fuUs “Number loop” dedesrimun

U g vesnawasiineadivintuy

Master PLC Slave PLC1
PLC CPU CC-Link Master (CC-Link Remote Device PLC CPU
(QO3UDE) (QJ6IBTI1IN) (FX2N-32CCL) (FX3UC)
Buffer Memory b ¢ Remote Register
N 2% ‘Number_loop
: ‘W1000 i W~ RWw0
FB_SEND' | W1001 : - RWwl “FROM" . - Y
Funetion Block : W1002 | ‘DATA2 RWw2 Function Block
Memory 1 W100 ! DATZS RWw3 Memory
Device Registers Device Registers
(D00-D19) (D100-D119)
Cyclic
Link Scan

] a o d so A
SUN 3.8 LA UIANYeINITE T NUaD NWeATUALE LD

u

A15199 3.3 uansiuUsvesaaniinaniudanileas Robot handing

Assembly unit Device registers for recording pallet models for ongoing production
Master PLC CPU (source) Slave PLC1 CPU (destination)

ST1 DO00-D0O3 D100-D103

ST2 D04-D0O7 D104-D107

ST3 D08-D11 D108-D111

ST4 D12-D15 D112-D115

ST5 D16-D19 D116-D119
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3.5 N152DNWUUEAIUTINALIS

Y Master PLC CPU
D00-D19
Inputs FB_SEND
# B:IN OUT1:W H.W 1000}
“FOR’ loop (Number loop <= 7) {DO00H W : DATA OUT2:W H.W1001}+
Move Number_loop to W1000 £ K7 HW: Number loop OUT3:W H W10023-
Move D00Z0 to W1001-W1003
Increase Number loop W1000+1 B : Stop_loop OUT4:W H W10033-
Increase index (Z0)+3

Slave PLC1 CPU

A J
Get data by using ‘FROM” command

from RWwO0-RWw3 remote registers = RecBvE
to D00-DO03 device registers A5 - OUTI:W L D100T-
Case - D00 {DO0HW : DATA ouT_WH . F+
1 : Move D01-D03 to D100-D102 ouT WH . F
2 : Move D01-D03 to D103-D105
s B : Stop_loop OUT20:W H. D119}~

7 : Move D01-D03 to D118-D120

.

END

3UN 3.9 uanaflow chat ndnn1synuiiansosnuuuLensLIs

madstoyaidazgaiiulifidauus Doo e 019 wWudtuau 25 fuds fegludruvesannd
wdnaelulusunsuasdulusunsurienlud esqauninnzasuidouly vos Number loop fides
Wit 7 faziumaduaasiilii FB_SEND K=7 91 W: Number loop nnelufladdu azvinisi
foyaludauus Number loop fisuwiiy o Wldlin anudidrsesiidmunly 1 w1000 aw1dush
vensumyswesiiogfiaviids wasavideyasuduiisauus D00Z0 Tuss W10018sw1003 Tng 20
Buiuusiivedfieguesius ieannsideution antu agvhmsuanet 1 daiudauds w1000
waz vanan 3 Ty 20

meafudoyalusunsuazegnieluannides Tnsnssudeyadesiuyadids FORM Aouliie
unmsihdeyanngaanudidisesves Tuga FX2N-32CCL 9 RWwO-RWw3 Tudsiaudsnneludily
yosnanoiiuead mvualii 000-03 Weislddeyauudazidiegnszuiunsdnisesdoya Tng
9gdus D00 1udafvuaiieg 1y D00 WNAU 1 9gsiin1s thdeyasindauds D01 e DO3

TuAulagsduys D100 fs D102 vigrluiFey 9 AunINAEATUANIIINTBIRILUS “Number loop”
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dlevhnssudeyasuasuguiniegladeyasn aniivdn wida aanfigessiuau 25 fuds Fannni

WAL 6 LN

M15199 3.4 Flow chat #iann15¥inauLian1saenwuUsanmLIS

Sources for the FB_SEND

Destinations for the FB_RECEIVE

Number_loop W1001 W1002 W1003 D00 D01 D02 D03
(OUT1) (OUT2) (OUT3) (OUT4) (RWwO0) (RwWw1) (RWw2) (RWw3)
1 D00 DO1 D02 1 D100 D101 D102
2 D03 D04 D05 2 D103 D104 D105
3 D06 DOo7 D08 3 D106 D107 D108
a4 D09 D10 D11 a4 D109 D110 D111
5 D12 D13 D14 5 D112 D113 D114
6 D15 D16 D17 6 D115 D116 D117
7 D18 D19 D20 7 D118 D119 D120

3.6 nN1sas1anenTuuaan

3.6.1 MAdUaya

9zviun Class way slatoya Nagldneluilsiduuden

| . (L _JClass Wil | B~ TohelNamer (oGl > ~ & Datsilype ~
1 JVAR_INPUT - [In Bt
2 [VAR_INPUT ~ [DATA Word[Signed]
| 3 vAR_INPUT ~ |NUMBER Word[Signed]
4 VAR ¥ |Tuu Word[Signed}(0..100)
5 [VAR_OUTPUT ~fouTi Word[Signed]
§ |VAR OUTPUT ~{ouT2 Word[Signed]
|7 VAR OUTPUT ~ [oUT3 Word][Signed]
g . VAR_OUTPUT ~|oUTe Word[Signed]
9 |VAR - [LooP Weord]Signed]
| 10 [VaR + [Check Bt
| 11 _|VAR w [timer] Timer
| 12 [VARINPUT ~ [Stop_Loop B
| 13 [vAR + [Check1 Be
14 -
15 -

JUN 3.10 uans Class Fovesiulsuazailadoyanmaluiinduuionninds

SEAUVDIFALUS

VAR _INPUT

VAR QUTPUT : adauusamsullounadns

VAR

s AuUsdmsuteudoya

s AeakUsaelu
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YHAYDIILUT

Bit s gunAundn 1 g iivdeyavuin 1 Oa

Word[Signed] s uAundn 16 On Liudeyaviind iy

Word[Signed](0..100) : wuamunie 16 T iivdeyaviind oy deresiulaglidesuys
Taiulungnedis wu TUU0] ... TUU[L00]

Timer s awnAundng 16 Ja tivdeyasiindwauduuinlddmsuiiuaia

18) | ~ | v & . B A BRSNS | el VIV /ERRAEEN NN a..._‘ By

B2

~ = ‘7 - - L LR Y - - - — _- ————- - - -{INC (

Lt Fre R srar~BHBERe . IENAER NI 8RB s~asigtc

M) L

U 3.11 uamssaogalusunsy Ladder meluilsiduuiontumnounisiniui 0-24

UISV0N 0 D9 6 FOUAMUAYINLIAINISNNNULANILLNLUBAILIAT timer]l NAAUAAIAITN

[ v

K10 (13u#l ) wveslunmsminalidmsunissuandudsiiasdu WeannPLC vinisiluguain

aaa S o oA ) v ¥

UUaaNs seAua 30 853t viliievieg v mduanassiugadeyaludsladinswiasian
wleliAnTogi3ssnaiddi

UITATl 18 AauUs Check 9z¥in91umng 1 FuriinazazaiaifuusDataluiiulif TUU
U 50 s

UssTiad 24 sMa12 Judafiavansluiinead azviamingd Wa 0.5 Jurinazda 0.5 Junil

[ <3y

Tad sy WWudinu1aa1d11suad9INC Asnisulnafiay 1 SMa12 1ol Ands INC Jufiay 1

a v

i anlaidinsuudamzilureugdygunndu Ade INC aeiiunuseu n5vieuvesiuead e

b

30 3833w gy liluswnsutnuldidugnsu
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.H. [ OOF K1 } _{MOV TULKD) T2

{Mov TUL T
{ mov TuL2 T4
[= LOOP K2 ] {Mov
[ mov
e e — MOV
L

JUN 3.12 uansiegalusunsy Ladder aeluilsfiduudiontumneunsinnui 34

usiafl 34 auifunisindayavindauds TUUL] ludeiuustounadns Tneasnsivaey

#uus Loop e dnswnuiewly agvinisiideyadnn TUUL] léwhuusdounadns azmlai

Aauwds TUU azdusioldusdanys OUT egimumduguuuuiiesiu fis OUT 24 iaidumsiuaeu

Avesyataa lagll Auds Loop Yimthiiivuanegvesynioyatiug

| 248 =

AU

(o8] BN 1 3 -
i} NUMBER j LMW KD o]

3UN 3.13 uansdaognalusunsy Ladder meluilsiduuiontumeunisvinaun 246

UsIing 246 L UuganIadeuTuILTeUazdsuesyatoys tne d1dauUs LOOP 1nnin
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3.6.2 npsutoya svinun Class way viindoya Nagldneluiiiduuden

| Class i Label Name Data Type
1 |[VAR_INPUT » ||DATA Word[Signed]
| 2 [VAR ~|Tuu Word[Signed}{05)
| 3 [VARONPUT ~ [N Er
4 (VAR OUTPUT ~ [ouT Word[Signed]
_ 5 VAR OUTFUT ~[ouT2 Word[Signed]
| 6 [VAROUTPUT ~ [oUT3 Word[Signed]
|7 [VAR OUTPUT ~ |oUTs Word[Signed]
| 8 [VAR OUTPUT ~ [oUTs Word[Signed]
| s [VAR OUTPUT ~ [oUTs Word[Signed]
U 3.14 uans Class FovessuUsuazaiindoyaneluilsiduuienninsu
SEAUYDIUUS

VAR INPUT  : avshudsédmsuteutoya

VAR _OUTPUT : ansaudsdmnsutlounadns

VAR - Andaudsaelu

YAYDIAIRUS

Bit : awwanUndae 1 0 iivdeyavuin 1 Ja
Word [Signed] s gunAIEng 16 U0 ivdeyavinduiuiy

Word [Signed](0.5) - : waaunii 16 Ja thiudegaviindiwiwiy saileadulagldtasiauys

SauiulunI$91989 Wi TUULO] .. TUUIS]

M8000
i
2
M8000 : ' d BMOV
= } EN  ENO- -
o %8 bon o m s wnos o EAEA— d—TUu -
K4 — n ¢ wE

UM 3.15 wansdognalusunsy Ladder meluilsdduuiontunounisinaui 1-2

USSAN 1 M8000 wudafirenelufinoad FX series 9231191URa0ANAT 31NA1ES FROM

' '
v Ao I

Jufdaiisurdudsan anudidrsesves Tuga FX2N-32CCL



MIMnUAAIAILUTIUAAS FROM

“nln
“nzn

“n37’

«d”

: fUsNRBINTUINYAANNTIE TR Juna FX2N-32CCL

: FhAsTiimuatesiirieluga FX2N-32CCL K=0 Yol 0

a

: AsimMvuafieguasaudtdrseaniegluluga FX2N-32CCL munn99197 3.6.2.3

MyueA b7 K = 8

- FIUIUFILUSNABINITTULIUN Anualdn K = 4

BFM
No.

Description

Remote output RY0O to RYOF (set station)

Remote output RY10 to RY 1F (set station)

Remote output RY20 to RY2F (set station + 1)

Remote output RY30 to RY3F (set station + 1)

Remote output RY40 to RY4F (set station + 2)

Remote oulput RY50 to RYSF (set station + 2)

Remote output RYE0 to RYGF (set station + 3)

Remote output RY70 to RY7F (set station + 3)
Remotle register RWw 0 (set station)

| Remote register RWw 1 (set station)

Remote register RBWw 2 (set station)

Remote register RWw 3 (set station)

Remote register RWw 4 (set station+ 1)

#13

Remote register RWw 5 (set station+ 1)

#14

Remote register RWw 6 (set station+ 1)

#15

Remote register RWw 7 (set station+ 1)

U7 3.16 uanstosiudeyavasmnudidisesneluluga FX2N-32CCL

£

quon—

e

WEND—‘ P RO

FU IU[Q]—S _-OUTJ .

- 4——— BN ENO- - - - -
' TUU[S]-—S d——OouTs -
TuUel—s d—O0uTE -

TUUR)—— 8 OUT?

TLIU[a]— s ouT3

JUT 3.17 fegalusunsy Ladder neluileiduuiontumneunisviiaui 3

42
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UsSiM 2 Uhduus DATA sifiuliiyadeyasuus TUU $1uau 4 fauds

ussiad 3 Jeuledl 1 fuus TUUO] Feswindu 1 Seesdideuly therduds TUUM] 8
TUU3] WS asuustounadns OUT 1 8¢ OUT 3 deuladi 2 fauds TUUI0] deswinfiu 2 Faazidh
Foulw whenduds TUUE) 81 TUULE] WUdsiuustounadns OUT 4 &1 OUT 6 Tides 9 auasy

7 Wauly muffeInng

3.7 a3

TuunilifuniseSuisniseenuuunisfmusawisiwed nadeulsunsuilaiduuionaes
nASuLaEnIAds 85UrBTEnsmsviaiuredlusunsunafeuissmesdoyaienasuiasaiads
wellansdeulusunsuesuieisnsivuadauUsingg gunsaloriauasild dunansmaasives

a & P .:4'
Lmﬂuﬂuﬁlgﬂa’nmiuvﬁ/m 4



uni 4

N1INADILLEASHANTINN DY

4.1 umi

Tuun? 4 1 DunseSuedwansmeadlaenIsaNasInISynN UYL UULASHANISNAAD

'
a

lunsasivaeuanuaisalunisvituvesudenileidunasedu Inedeyarigndeain

Y

o w

annfindndeanileuiuiu aanll Robot Handing Ingrudstayauuu CC-link Nignanfinves
FoInen13dedns ilenaaeunisinnuvesiliiduuden vesniaduwazn1asu Sanugndes
Tunsdsiutayaludsaniil Robot Handing AsUfIUaNYTA kaznTBUNENANTUTEENALY

AU

4.2 NAN1I1ABITEUY

N1INARBINITA UYL ALUUTIRBINITRAAN AN INUALADT WU aaT LU
alavfinead 3UA 4.2 uansnanisdsdonauosiiav 5 Tu ldun 3P10007Z, 3P05324H,
3P05075A, 3P02011G wag 3P05075G d1m3sun1SHERT ST1 ST2 ST3 ST4 way ST5
pruddy luduusnainiinisvieaos deusuwiiand seyimanidsiumihevinaouanuai
wasmuaslutunoudl 2 doyadivuiinlilu Mudsaniindnde D00 &1 D19 Aifvualilu
Igvounamoiiioaduavalanfitond fuls D100 fe D119 Mduanrildesniraaeuain

TUswnsu MELSOFT GX Work2

P i

Ethernet

PLC
m Mitsubishi QO3UDE

€C-linkVer.

mble Station 2 (CCink Stations-)
Handing Station 1 (CCHlink Station 1-4) Assemble Station 2 (CCHink Scation-8|

PLC1 PLC2
Mitsubishi FX3UC Mitsubishi FX3UC

Robot
Digital /0 Robot Digtalvio ? Assemble
(3 Handing 4 L
=

PRt

Direct CPU RS485

Direct CPU RS485

5UN 4.1 uanansideulesseninsgunsallussuy CC-link
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9307 4.1 wansnsileulesvesszuulneninvawaniaiiiiuneuiiunesiouss

Auaniunane uEthermet @aanduanuasgasaziyaunawuy CC-link

JUN 4.2 UanamiNaouanIHaNtIIBUARIN TIVIDIAIUAN

'
a

1997 M apuANILLARIT UAKGneY o Uagduveuraraniduazaiunse

Usuld susuiinanlundazaatgeylaviuiiuasdwansaniuzaiaguesgunsalninly

a ¥
NITUIUNTTINAANIY
Deviee— - — — — — - R - = ==
: @ Devce Liame [0 =] T/ Set value Reference Prog
| T Buffer emary_ 110045 -Jgei e
| [ oot “vfj
vam—t
Modfy Vae. | _}_@mh&l%ﬂ&[ ]ﬁn [ | e
I_ Device | . ] ‘Encab__augs‘qglgn o .
00 0 00,0000 09 E3
(] olo'0lo 0.0 0,00 W L Pallet model
0.0 0000/00 01000 00 o
n: [ : 0 oo o 0 7
04 0 0 000000 0Q »
Ds ooy o oo o800 0 0 0s| L Pallet model
los 00 0 offfo oo 0.0 32| for ST2
D7 [} 0,0 00000 Q 0.0 4
D8 ofojfoooo00o 00 2
o9 00 [ : B O 000 0 05| | Palletmodel
D10 00 0 00 0000 07 for ST3
|m: [} 000,00 00 [ 0 SA
D12 ofjolffo o000 0.0 Ed
D13 0'0; 00p§0 00 0,0.00 02) L Pallet model
D14 00 0o0of¥oo 00 0'0 01 for ST4
D15 oo oo alo 000 16,
D16 oB{offcooo0o0 00 2
D17 00 o oMo o 00 00 05| L pallet model
D13 [ ;1 o o0 000 u'JJ >
It o000 0.0 o0 56

Ul 4.3 udmsaduusanniivan D00 Fla D19 (MELSOFT GX work 2)

Atudauds DOO §iv D19 aziduguvesmaniignioununihasuanmaiviosniuny
Tnausazaniinisndnvzgnuuadu 4 fuds Tne 1 duusazifiudisnesidu ASCl Code

QJ

1§ 2 frdnususnnnmil 4.2 sxiifasnus sieun 9 fdhws STL : 3P1000724 usis1lédn
wAludlu 8 Snususniidaud fysenszuiunisndn widisnihumunzdeddiuusiy
w5 duds Feludrudlidanuddufeineenvdeun 8 fdnus vie 4 fuds laean

AU ILLARNININTIN 4.1



A15197 4.1 WaARINITWUY Address wazANoulaluwrazaadnsuan

Station Address Start Address Final Pallet model
1 D00 D03 3P10007Z
2 D04 DO7 3P05324H
3 D08 D11 3P05075A
4 D12 [EBriais 3P02011G
5 D16 D19 3P05075G
D:‘C;mm [oi00 =] | T/csétvakie Reference Prog
" Buffer Memory | |
] Diglay fermat PV
Yy T 1 nll!!li..liﬁ\'—tll'l?\ﬁ%l I'r'lJ‘“c_l ot | B~L

Pallet model

onad
L

for ST1

o folo|lc®

Blololololo =] e |
|© I
- !
3 g
=) = 1 %
EE

Pallet model

EE
e
o
o
o

!
T

for ST2

8

o
-
=

AL

e
clolc]
=

=)
o
o
o
=)

=3

SRRREERE"
ol c
SHE CHA-

Pallet model

lole]
[ol5le
u!-
.
1

for ST3.

| [
e -
olo
olo
- BIEL -
x - B
o
o

Pallet model
for ST4

L Pallet model

for STS

Uil 4.4 uanaAduusaniil Robot Handing D100 i3 D119 (MELSOFT GX work 2)

AludaUs D100 §4 D119 vesan1tl Robot Handing diAmsafiu DOO §19 D19 ves
anfivdniideanvianun 20 sulswusnuanindawnlagniemnunisned 4.2

A15197 4.2 LanINIIUUS Address kaga1fisulavesaniil Robot Handing

Station Address Start Address Final Pallet model
1 D100 D103 3P10007Z
2 D104 D107 3P05324H
3 D108 D111 3P05075A
il D112 D115 3P02011G
5 D116 D119 3P05075G




47

Robotic Handing
LOGIN MAIN

ATION: & MODEL:

UM 4.5 uansmineuansnadl @1l Robot Handing

wadwsfinsraaeuaitmgndesludunaugaviy vunid1aedudadianni
Robot Handing viliasdlean FB SEND way FB RECEIVE #ia$hed uanuisnvineuldas g
giies detutlgmismulusureaedodieiiesnnts $1in vesnsideulssdeyaaiinsn
urlaldshemsinuniteylifugndeyanifosnsdassu ielidesonsldonudadouls

sglusUudenilndusianisldnuuaynsiaasy
4.3 M3UsZYNALEAUAIBILAIVANNITHER

NLANTIANUFeIMsiudeyalunissudsluiugnuauvesssuudewIM LU
WNRUNIaABUENENIRTIY 815035 Uasivuadmsiivesvasan ivanuastaglmivianun
Wlefinsiiugunsnisevensfatriinissidnssuuanrliinanse nuAenszsu UM SHaALAL
v & a aa = o A4 v P~ %
slunisuaunsuanninisellesnusyuududeseaviinansenuluie

v o \ g - a £ 4 o N
wafile nUsulse anludivesaliansuasannanssnuNfatulieinin1s3idn

N € 68 o 1 oz A A o ¢ =~
szuuliteliugunsaldeveteausaUssendlddunduniesdoiatazgunsaldug Mgn

° = ° ) Ao w A a a a v o vaas X
ANNUAADIULAZINUIUAWUTNANG LW@LWNU?3aV]ﬁﬂ']WsLWLLﬂ33UUUUGﬂG\@ENGUH
4.4 a3

nran1snaassd evieudsdeyadidulunavesnani i uandndnluds
anildansia 5 luaasiuau 40 fadhws 20 Fuusnaiildfedoyaiidsennuasdeyatildsuidu
ToyayaneInulngnIIEeUNIY NNBLANINALEAINaYBIAR TN nwazan e oy
n329@eURUIUSLNSY MELSOFT GX work 2 tilensiaaaunisyiauvesudentlaidunas

fudsisimuavihnuldgndeniuisesnis
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GRITGRTRIGILIT

5.1 &gl
vienilsiduiiaidulaglivannslafiogWugasuuaitetiluBsudeduynfuysis
medsuazanasy ansolfoulfeg s A nmuargndesdusunssuiunssasliwuavit
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ABSTRAST. Indorder Lo solve a facing network copocily problem elien improving an
existemy conmegor handling spstem controlled by programmable loge eentrallers (PLCs)
o tuester-slave control and comwrnitation fink (CO-Linkt netword: of o wodden pallet
tatitfucturer, thigoarticle presends o, software techigue for @hort-term aolution,  For
few seguitements o upgritte o pallit sortation to be atifomated by fstalling now robotic
handitng weit, o sloee PLT wsing an isderfocd madule modeled FX2N-3200T (oralnne
PLCT) cannet receive’all spoesfled dota of pallet production models fram an ecisting mas-
ter PLEC ustog ﬂfﬂfﬁgﬁt mm_ﬁc.h! wurdeled IOIBTIIN i oane fomammication cyele dag
to linetedd daba finks. To owvereomc this Soodution, o PLC fonction Wock creation based
on data sortmg appronch & proposed. Tea new funclion. becks named FE_SEND and
FH RECEIVE ard ereated based on TECSILST-3 standard for tdding to the evisting lad-
der diagrams; which execute on the masten PLC cenfral processing unat { CPI) and slive
PLOCE CPU, !Eﬂ:pu"f*ﬁ'fy Erpenimental reawlts verify that the created function blocks carn
provide data fensfers correctly betuven the speeified sorvrves ond destivations: The da-
ta recefved ot the slae PECY CPE are smilar fo the doto sent from the master PLC
CPI. With the propased solfution, the desired conveyor bandling syatemn aanbe upgroded
aorapding Lo user’s requiressents.

Koywoards: OC-Link, Data link, Panction block. Masver-alaee configuration. Progeamm.
abile Tl contaallir

L Introduction. A programmable logic contraller (PLC) is one of automation con-
trollers offeving cost-effective solitioms for varions indietrial manufaeturers. As a conge-
queence of its real- tine c&[mhl.hmg the PLC plavs an intepral part in automatic monitoring
and control systems [1.2] as well a8 mobile plutff,u-m based remote onitoring (3] i\:}wa.-
days; a variety of open rompminication protocols are available tooenable interchange of
PLCAnput and output data such as Medbus [4), process ficldbus (PROFIBITS) ['1] and
eontrol and comiminieation hn.k{()C-LmIe:} [6]. Meoreover. with digital network copuamni-
cations benefits, amulti-PLC control syetem based o master-slave configneation can also
b Implomented (7). Gengrally, o master PLO uot only #ipervises production processes
bubalse cofitréls End moniters aset of slave PLCsthat control production activifies in the
manitfacturer This implics that commumications interface modulesare significant compo-
nents for praviding sacecssiul data transfers among the taster and slave PLCs connected
o the metwork. Therohere, hardware sizing and-selection of the right communication
modules are reeuived for suecessful engineeting project execution,

During PLC projéet exeeution for upgrading an existing CCZLink based conveyor han-
dling svstem of a wooden pallet mwasnfacturer in Thailand. a serious problem of network
capacity oceurred on data links between the master PLC and one of slave PLCs used. In

DO: L0.24507 ficieelle 13.07 681
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this article, a solution by wsing PLC programming to overcome this problem is present-
ed. Two function blocks are created as new subroutine programs for adding the existing
control programs. In this article, there are five sections including this introduction. See-
tion 2 deseribes the studied comveyor handling system, which s reguired to improve by
installing new robotic bandling unit, Section 3 and Section 4 give details of the proposed
funetion block creation and results of conducted experiments, respectively. Lastly. Section
O provides the conclnsions and possible future work,

2. Siudied CC-Link-Based Conveyor Handling System. Figure 1 shows a dingram
of the studied CC-Link-based conveyor handling svstem, which consists of five assemble
units for pallet production with different medels. The astembly units nomed ST1, T2,
8T3. 5T4, and 5T5 are individually controlled by the slave PLCs named PLOC2, PLO3,
PLCY, PLCA, and PLOG, respeetively. The GT1455-QTED touchscreen commuinicated
with the slave PLC shrough RS232 interface ¥ installed st cach assembly unit for al-
lowing an asscmbly operator to set specified operational parameters and perform motor
jogsing operation as well as for providing relevant information and production instruction
that the operator needs to moniter,  An operator workstation running uman machine
interface (HMI) “Indisoft SCADA® softwsie allows plant personnel not only o set desired
pallet production medels for all assembly tmits biit alse-to monitor opegating statuses
and log important-data and activities. The data trassfors: between. the operator work-
station and the slave PLOs wre accomplished. throtgh the master PLC, which eonsists
of the QUAUDE central processing it (2P} and the QIG1BTTIN imerface module.
Each slave PLC consists of the FXSUC CPU and the FXEN—EZCEL interface modale.
Basedoon OC-Link protoeol, the QJEIBTIIN and FX2N-32CCL modules funetion as the
taster station and remote device station; mspectively. The FX2ZN-320CL module can
send (or receive) bit and word data to (or from) the QIGIBTIIN medule by atilizing
evelic transmission method. A transoission speed of the studied CC-Link network is st
to 156 ks, To inerease productivity amd reduce labor cost by apgrading the produeed
pallet sartation to be automated, a robotic handling unit controlled by the slave PLCL is
veguired for wew installation. Moseover; the GTI455-QTBD tondiscrorn communicated
with the stve PLOT through R5232 interface s wsed to allow the operator to perform
robwt jogaing opeention, sot desived storage wnits, and wonitor. defined. paramsters and
uperation sequences. The STGEL 8TGE2, STGES, STGEL, and STGES storage units
are installed for storing finished pallets prodoced from the ST1, ST2. 813, ST4, and 815
assenibly units, respeetivel. Figure 2 illustrates a data transfer diageam for upgrading
the studied comweyor handling system:  The function of software interface between the
operaior workstation and the aaster PLC is based oo SOPC ehivnt-server acchiteeture,
The master PLC sends specified | pallet models to theslave FLC2, PLC3. PLC4, PLCS,
and PLOG for production st the ST1. ST2, STH. 5714, and §T5. respectively. Conversely,
the artual statoses of soquential assombly opoerations as well as the pomber of finished
pallets are gent from the slave PECEPLOS to-the master PLC. Forthe manufacturer’s
requirerneits of the new installation of the desired cobotic handling unit; the specified
pallot madels for angoing production at all five assembly units are trapsinitted from the
master PLC 10 the slave PLOL to antomatically move finished pallets o the associated
storage uuits. Ow the other hand, the actual statuges of robotic bandling unit operations
and the uumber of fnished pallets stored in each storage timit-Are sent from the slave
PLCI to the master PLC. Incaddition. the data received by the master PLC can be also
monitored on the operator workstation, A bit string is used to reflect the connection
status of the OC-Link modules as well as the operating status of hardware and software
components associated with the assembly and robotic handling units. For example, the
‘active’ state (1) reflects the ‘Normal' or “0K operating status, while the ‘inactive’ state
(0) reflects the “Abnormal’ or ‘NG’ operating status, The data size for storing the mumber
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Figuat 2. Data travsfer diagram for apgrading the stadied convevor han-
dling syatem

ol finished padlets produced from each assenbly unit is defined on 32 bits, while the data
size for storing the number of finished pallets stored in'each storage unit is défined on 4
bits. The pallet models are identificd by wilizing Amedean standard code forinformation
imterehange (ASCI) encoding in 4-woud forat, e.g. 3P5075G2 and 3P100TZ4

Figute 3 shows a concept of data links between the master and slave PLOS for evelic
conmunications of numeric-word data when setting the munber of oteupied stations for
the FX2N-3200CL module te be equal o1, fonr “Write' remote segisters [RWwi-RWw3)
for reeeiving word data from the QJGIBTIIN memory pddrogses in‘range of W00
W1003 as well as fonr “Read' remote registers (RW0-RBWeS ) for sending word data to the
QIBIBTIIN wemory addresses in riavgo of WOO-WOS are availables Tn case of setting the
maximum nmunberal oeeupicd station for the FXIN-3200L 1o be 1, sixteen “Write' remmote
registers | BWwO-RWwEF | and sisteenRead” remiote registors (RWr-RWrF ) are available.
However, for word data links between the mastet PLC and the slave PLOL twenty “Write'
remote registers are required to receive all five pallet models for engoing production at
the ST1-5T5 assembly units. Therefore, & severe lmitation on notwork eapacity of the
studied system oceurs when installing the FX2N-32CCL module for the slave PLC1, which
usex for controlling the desired robotic handling unit. This means that other appropriate
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FigUre 3. Concept of word data links between the master and slave PLCs

muodelsof CC-Linkvemote deviess are reguiired to replace the FX2N-32C0L module used
for ghe slave BELCL.. However, the hardware replacoment after finished installation has
significant influstice over the-entive PLC control progeamming during engineering phase
foe the studied svstenn. However, this replacoment methiod way b @ leng-term solution
for the manufactyrer when rovamnping the stueisd handling system.

3 Proposed PLC Function Block Creation. To privide ashort-term solition with-
out bringing effects on existing control programs for the facing problem: the PLC function
block creation based on data sorting appeoach is proposed. Two function blocks named
FBSEND and FB-RECEIVE are created as new subrouting programs to add the-existing
ladder dingrams running in the waster BLC CPU and thoslave PLEL CPL, respectively,
when setting the FXIN-32C0L module with single necupied siation (see Figure4). The
repetitive pxecntions of these cpeated funciion blogks provide transmission of 20 words of
five pallet models for ongping production ar the ST1-5TE assembly units from the deviee
registers o range of DO0-D19 of the master PLC-CPL 1o the doviee registers in range of
D10-0119 of the stavwe PLEY GP[J_ Table1 gives the master PLO and slave PLOLCPUs,
For caclidats trangmission cycle, the buffer memory address of W00 of the QIIETIIN
migedule is specified for sending the ‘Nwnber loop® parameter (= 1.2, 7} windieate
the sumber of times of the FESSEND block oxgentions in one “FOR’ instruction losp,
while the buffer memory addeesses neorange of WI00-W1003 aee specified for sending
the *DATAL - DATAY parameters of three words of the pallet model. The data stoved in
the WIKNEW 1003 addresses, of the QISIBT1IN module are transmitted 1o be re¢orded
i the RWwO-TOWwd retiote registers, of Lhe FXEN-3200T wodule, respectively. Based
on the ‘From' mstruction, these data arethen moved to be processed by exeeuting the
FBRECEIVE Tunction block to trausfor the ‘DATAT-DATAZ to be stored dn the speei-
fied deviee megisters of the FX3UC CPU. Figure 5 shows a Qowehart diagram for executing
the FESEND and FB_RECEIVE function blocks, which are created tominimize the data
link limitation:between the master PLOC and the slave PLOL For ¢omplete transmisgion
of all 20 words of five pallet production models. the snmber of repotitive executions of
the FB.SEND block for ruaning one*FOR" instruction loop is set to 7. For example,
based on the FBSEND block exccntions, i Number Joop® is 1, then the data stored in
the DOO-TH2Z registers of the Master PLC CPU are moved to be recorded in the WIH1-
W3 addresses of the QIGIBTIIN meddule, respectively. After data transmission on
the CC-Link petwork, the data in the BWwl segister of the FAX2ZN-320CL module are
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Firoune 4, Concopt of the proposed function block creation

TABEE 1. Device register-assigminent for the master PLC and-slave PLCT CPUs

M srnbly unit Dieviee registers for recording padlet madels Tor ongoing production
- Master PLCCPL fsouree] Slave PLUTCPU (destination)
511 Dn-1a BED 03
5T2 Did-DoT Dip-Dny
ST3 DOs-D11 Dins-Di11
514 [2-D15 D112-D15
515 D6-Dasy DIIG-D119

ejual to 1, and the data in the RWw-RWw3 are the same s that sent from the W1001-
W1003 addeesses: respectively. Based on the FBLRECEIVE block: executions, the data
in the DO0-D03- pegisters in the glave PLOTCPU are equal to the dati in BWw-RWw3
registors, respoctively. lnocase of DOD = 10 thiat the data in the DI00-DI02 registers in
the slave PLOCLCPU are the same as that sent from the DOD-D2 registers in the master
PLC CPU. Table 2 summarizes the descriptions of input and output-parameters of two
created function blocks, whereas Table 3 summarizes the spocified sources and destina-
tions for data translers, provided by exeenting tle FB.SEND and FB.RECEIVE blocks
forthe *Numberdoop' values inrage of 1-7.

4. Experimental Results. To verify the workability of two ereated funetion blocks,
experiments for data transfors of pallet production models from the master PLE o the
slave PLCLwere carried aut. Figiees 6 and 7 show the mesulis for data transmission of
five pallet uaddels, which are IPT000TL, 3PN5324H, 3P05075A. 3P020L1IG, and 3POSOTHG
for production gt the ST1, ST2, ST4, §T4 and 5T5] respectively: In the fivst step from
(LI'.I.IJ'.IG. fbd f’xl](.'fjn'l.ﬂ!.l[-. I‘.].I.'.'ﬁlL hl?(".'iﬁL"J. |J'r|.i|1.'l !Juil‘ll.'!?i W "jl'."l"‘.'l.l via IJ‘IL" HT\!] sCreel At
the operator wiekstation {soe Figure Ga)). In‘the seeond step. thedata recorded in the
D00-D19 (or DO-D19) deviee registors of themaster PLC CPU and the D10-D119 deviee
registers of the slave PLOLCPU were captured from the MELSOFT GX Work? program
in online monitor mode (see Figores 7ia) aml 7(0) ). Luthe last step, the results shown
on the touchsereen at the robotic handlivg it were captured from the MELSOFT GT
Designerd program {see Figure G{b)).
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Frouvke 5. Flowchart dingram for executing twa created PLC fonction blocks

TapLe 7. Descriptiong of inpat aud outpot parameters of two croated fune-
tion blocks

Created Block | Parsancter Deseription

1M Bit input for starting block sxecutions
DATA Word mput for the beginning of three deviee
; repistens, which are toguived to send vieir daca
: ; Word input for e number of repetition for
FBSEN ly g : - = i
FBSEND Mumber Joop Fiviing "ROR) daop

Stapdoo | | Bit input Tor stopping block cxecutions
ki Word outpiis I sending oul te desived des-

o .

s (6% tination by wsing MOV nsiruction

1 Bii inpui for starting block executions
Word input gotten from W wO-HAy wa_re-
DATA mote registers by using ‘FROM' instenction to
FB_RECEIVE record i DNMEDO device registers

Stopduop Bit fnpnl for stopping Dlock executions
Word outputs for transler to desived gpecified
deviee registers Ty usiug MOV instruction

OUTI-0UT2H

The desived pallet production models displayed in Figuse 6{a) ave the same as that
in Figure 6(b). In additfon, the similarifies botween the data recorded in the DO0-D19
registors as shown in Figure 7{a)] and the data recorded in the D100-D119 registers as
ghown in Figure T{b) also support the specified sources and destinations for transmission
as given in Table 3. The results of comparison not only between the data shown on
Figures Gla) and 6{b) but also between the data shown on Figures 7(a) and 7(b) conficm
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TaBLE 3. Specified sonrces and destinations for data transfers
Sources for the FBSERD Destinations bor the FB_RECEIVE
Number_toop | WI0B01 | WI1D02 | WM [E Dol Doz D03
(OUT1) (OUT2) [ (OUTS) | (OUT4) | (RWwh) | (EWwl) | (RWw2) | (RWwid)
1 Do [E]1)] D02 1 D100 101 Dinz
2 Dig 1T DoG 2 D103 Di1n4 D105
3 D Doy L= 3 106G o7 Dlos
4 Dn Do D11 4 D109 D11n D111
o D12 D13 D14 o D112 D113 D114
[ D15 D16 D17 [ 3115 D116 D117
T D18 D1y T DI1s D11Y

(a) HMIsceen at the operatar wiorkstakion () Tonchserven at the handling unit

FrcuRE 6. Test vesnlis from monitoring the operator workstation and the
lnelling unit
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Ficuee 7. Test results recorded in the registees of the master PLC and
slave PLC1 CPUS

that the created FESEND and FB_RECEIVE blocks can function correctly. Thus. the
network capacity problem due to data link limitation can be solved with the proposed
funetion block creation.
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5. Conclusions. A short-term solution for selving the network capacity problem of the
studied CC-Link-based convevor handling system for wooden pallet preduction lhas been
proposed, The foetion block creation based on data sorting approach for providing data
transfers of required pallet production models from the master PLO to the interested
slave PLC, used for controlling the new robotic handling unit for antematic finished pallet
sortation, has been described. Experimental results used to confirm the workability of
two created PLC function blocks has been also presented. Based on the created function
blocks. the data link limitation can be minimized. Applying the function block creation
eoncept to other slave PLCs in the studied system as well as other industrial antomation
aystems for providing overall equipment effectiveness (OEE) data collections is the future
wark.
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