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Fig. 1. Diagram of livestock building model for experiment.
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Fig. 2. Connection between PLC and computer graphic control software.

Software

receive

AWISERE 2 Microsoft Visual Basic 6.0 235 S 44 H5 RIFH VBT
(MSComm, Microsoft Comm Control 6.0) » HJ#% 5,5 EBISE .2 RS-232 1/ » BEHEMEE
B RS-232 M HAVEES BB E MRS - ADEEMEEH Modem B A3ER =~ FX2N PLC

° ¥ RS-282 /1 - 3% MSComm F55EERITHE » EHAZF T EXA15 S HIE 3 A PLC
oo EEGEE - BA - BESEIR PLC LS e -
3. BN &R E
RFEESMNRRIRRAET - BRSSP R RN BRSNS » BT ERENEALL
RSN —TREIRE - {EEZ%E A > SEF] Visual Basic 6.0 2 ADODC
(Microsoft ADO Data Control 6.0) §; DataGrid (Microsoft DataGrid Control 6. 0) HEE
FHESEHI TR — RIB G ZORE - WER RIR SIS B R RIRE R 2 3R -



388 R B e 2R R SR RS

FEERBAETER

1. PLC HE/HEHEN

BRI I RRIE R EE A5 B BRI J5 2 (ON/OFF control) K AR #EHI /7=

(Modulated control) - (Kamp and Timmerman, 1996)
(i) BRI - BRI - PGB e, - (AR SRS RRIREE - R RS
SEEATT I GRES - i BRI 2 R o FTLAT Mk SRR T ST HRAT
1. EEEZEE 0 (Time delays) : 3%7E —FFRMEE - BEk Mm@ - BISRERMMER -
FTEERAEAZR % - DURIERER(EBIIO R B - ERFABIHIFan «
2. MEE M TR (Dead zone) © ISR E N BB B EA R —EEE - RILERHVERSET
TR - IR BRI T BB - HEAIERIERREE - DU FIRBIFIIR
B o
3. BHISEISE 5 (Average measurements) © BRI RIETTF - DIVSEEBCE
BT I - RE R TRRLE -
(if) FAETHEEI 5 JEE BRI BI SRR - T AFRE TR PR BRI TR FES R
R -
1. H@i#es 55, (Proportional control) © M & E B RE T LA » HARLBHRIEIT A
TR ERN R R T -
9. HLAIfits /53, (Proportional Integral Control)  FIIFA LLAIRERITT 2, - IILUERHR AR
TUBLEYIEIRT - #5 RAEE BT B - RIES INIFBIEL -

FEASRBATE » FRIR 7 2 D B B R e s 7 <R R R L T S B B B
BRI 7 T B R SRR ST - R R A R R A/ NAE TR - BURETERCT
B BIFETIAARREEEE BT R EE A/ TR B TR -

RS 2 e I 2 VLR R 58 PT 100 - DIERE 3 RO e ] & IS HIAE B HE 7 2 - SR
PR R R T kY - Ak E\EERER RS - R PR BARNE - MEUA R R R I B TR
BERmMBERCHE -

Sk e A AR R AR B BRI A =, - K ARFEIERSRIM A B - SZ RN TRARAZ I
BfE - ARSI RS R A I BRI S R BT - X AR R
s AR AR R 5 2, 0 ERREOX A B SIS AR AR REBEIERE - K
R BB/ e BIER B 28 1% - DU S0 B8 SR TR BRI 852 -

AREHB T BEREIES - RESZIRERERER - RENERMAEIIN RS
I FE 2R 5 B S T LB R BB B R - SR TR B BN BRIER AR - RIRR R 7k
8 - AEEMARRER  AEHRRAES  BWEERBZER - WA TRUERCRET
RE S - EEEEAR SN RBERNTE o EREEREE - HREREAERNESF
> BRI EEA DRSS NERN G MR S IPE - AEFEZ R DR
EEER I B RESEET - REFERARR  BRBHFEHEZRESE - Fl
Fij [E188 (Feed back)iesilz 7= » 2 B R EE R B AR - R & PR R Ar i E e A
B FIFEGRENFREHERZEE (E% > 2000) - HEFIEFAIT

(1) EEPRIREEH(T,C) AR 1 e B (T,C) - WfA TRk

@)INA TR - EIGEEEE - DUBEKER - BB 1

) EREREIEE 52 FE B (T,C) - BEakE2



Hifn WS Wl 389

O ERERFETSE 53 REHRT,C) - B@RES

O)EREFHET 2 54 BB (T,C) > BBIRE 4 ;

(6) ETmEERF 2 5 4 BUER(T,C) » FIRERE 4

(NERMBEREE 5 3 FERRF(T,C) » FEFAES3 ;

OV ERERE 5 2 BUER (T, C) » BIFARES 2 :

) EMREREE 55 1 BREBR(T,C) > FFARE 1 - 7k

(10)iAAs 7t - SRENINAATHIRBARE -

(8] 3 Ryl iy A Byt BAR 8] > b X R PLC # ABEEL - Y 52 PLC By 4 EE » 43 H#e k]
PRVIAAT ~ IEAES BB B SRS IR i FRENEE AR - (R I8 AT Rat & B IR b
FIFIRTAR &I PLC 19 1/O BEAG S BB SR TR R bElE (AN 4) - SOHS % B b i T A o s
ZHEEER - RRAEXERENEXBATEET A - TR R

#2H PLO 3##2.2 FX2N-4AD-PT PT 100 5 #5438 [ 3 2 BRE - 43 BUSHHE BRAOI S o
& ESNREEIR SRS EBEES - TR REETER - TSR
TREMIRE - MAPLCH#Z BEERCERAE - — X R SRR R - TR F R
ROEARA » DARSEE PORE AN (R TR (B A R OB RS o2 BRI - EERSE T B b ot o R S
A PLO Ry - HEBYFEIE L0 o A ~ KBRS EBI AR Y B - SARNE
S o ARG PLC FEFI EEIRFE & TR I 1R -

I. EESIER

AEAHET LRSI G B S ERE - 28 7% 8 (MDI, Multiple Document
Interface) K& #HEILA(ADODC 8 DataGrid) F—HR B -

(1) ABeE SR s ,

F|F Visual Basic 6.0 2 551 (E8%1)@EAT 4 MSComm ~ TextBox & Option Button #{85
ER Y EPLC e S 2 RS - BB Ui B MSComm ¥ RS-232 B3R & » 2
JEFZ € - f3R(baud rate) 9600 bps (Bits pre second) ~ BAITTERIRE « ZH 7 i1 7T R
IEAITE LRSI - A - BA - FEIsBIRI S46 PLC » M842 HEBI FI0A0% 1 B »
FIIEMEARRGE R A S S FEIINAG ~ 7K5R - R S R B AES o PERY - 3 B B AR
PAZARRE B SRR B R X k(8 5 Feor) -

(i) EENHEFE

FE LFFISSTab T - BEETES SN 6 HES - B KEEES 2 Aam imse
SR CIRATIEEER ~ MELIA ISR - BB - BEH - TEAERBHLEHASESZY
B AKREVSBENESY - M EER RS BB TR EE - FiE YL iE R e s
% o

M2 BB B E %rh » 55 ADODC BRERIBTHY: - BRI BRI -
TR R BRI BEERAE &8 TextBox H » BB SR 1 40 BT AT ST SE i e iy
ABFHIREEE - FEERS R BT IERN % @ Label W40 B (B 6FTTR) - & Lt A=4h » 75
I FERARZ R TextBox W » FIAEE N et BEEISIS IR S MA B SR  REME
BLIER AT EH R HERKR -

ATHSERIAEAER » ARG BERH T et BB RIS - SR b s o
Al TR RAET RS EEs BAE - [Pk L B SR AR (G T B R HI B 4%
PUERENZ BBERE - EE MSComm TLAEXEH S FERA PLC » /7RSIt T1E -
DI REHE AT B BEFERE - SR EnE s Biss | AEmMasemaEs - Al
HEE e bREEEEE -



390

AR R R R Ak R R SR E T

b X000 Auto -Manual Selection

p X001 Mode 1, Mode 2

*——o o——— ¢ X002 Mode 3

e— e eo— ¢ X003 Emergency Stop

b X004 Indoor Temperature
Control 1

p X005 Indoor Temperature
Control 2

p X006 Outdoor Tem perature
Control

y X007 Up Limit

p X010 Down Limit

b X011 Ventilator

p X012 Heater

p X013 Pad

» X014 Paravent Down

p X015 Paravent Up

r——o ———— ¢ X020 Fanl

b X021 Fan2

p X022 Fan3

r X023 Fan4

W 3. AR I SR A R R A A -

Fig. 3. PLC I/O diagram.
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Fig. 4. PLC ladder diagram.
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=% 1. FX2N PLC Z##FIt
Table 1. FX2N PLC control code

Ventilator Paravent Paravent Heater Fan1 Fan2 Fan3 Fan4 Pad

Down Up

PLC
Output Y01 Y02 Y03 Y04 Y05 Y06 Y07 Y10 Yii
Start Chr(2) Chr(2) Chr(2) Chr(2) Chr(2) Chr(2) Chr(2) Chr(2) Chr(2)
Comm open 7 7 7 7 7 7 7 7 7
and close 8 8 8 8 8 8 8 8 8
Address 0501 0502 0503 0504 0505 0506 0507 0508 0509
Terminator Chr(3) Chr(3) Chr(3) Chr(3) Chr(3) Chr(3) Chr(3) Chr(3) Chr(3)
Sum open 00 01 02 03 04 05 06 07 08

close 01 02 03 04 05 06 07 08 09

B 5 &H&EREEERE -

Fig. 5. Manual of monitoring and control of livestock building.
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Fig. 6. Manual of heat loading calculation with thermal environmental model.
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Fig. 7. Manual of database of livestock building.
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Abstract

In the recent years, due to the development of livestock automation, there are
several examples which applying Programmable Logic Controller (PLC) in managing
livestock production. Now, because a lot of farmers have accepted the concepts of
using close-type buildings, using the PLC to control and manage them appears much
more important. This study used Mitsubishi FX2N PLC to design the control policy for
livestock building with cooling pad. Operations of the water pad and fans can be con-
trolled automatically by applying temperature variations of climate and writing the
programs within PLC. Indoor temperature can also be regulated by changing the ven-
tilation rate.

Besides, the graphic monitoring program can be written through the objective
direction program language of Microsoft Visual Basic 6.0. The graphic interface is
constructed instead of traditional control panel by connecting the computer and PLC.
It provides the control of components, the monitoring of temperatures, and the collec-
tion of environmental data. The major source of heat in the livestock building is calcu-
lated through the database which can regulate the ventilation rate automatically.

A graphic monitoring program was constructed in this study. It was applied and
evaluated by the operations of livestock building model. Experimental resulted show
that it could control each component to open and close accurately. It also could con-
trol and start the fans needed according to temperature setting, or calculated the re-

(1) Department of Agricultural Machinery Engineering, National Chung-Hsing University,
Taichung, Taiwan, R.O.C.
(2) Animal Farm, COA-TLRI, Hsinhua, Tainan, Taiwan, R.O.C.
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quired number of fans and heat removal by ventilation according to database.
Therefore, it is feasible to apply PLC with a graphic monitoring program for environ-
mental monitor and control of livestock building.

Key words: Livestock building, Environmental control management, Program-
mable logic controller, Graphic monitoring control.





