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XAY DUNG BO PLC DUNG VI PIEU KHIEN 89C51

Nguyén Hitu Phudng , Nguyén Thi Hong Ha
Trudng Pai Hoc Khoa Hoc Ty Nhién — Pai hoc Qudc Gia TP.HCM
(Bai nhdn ngay 31 thang 12 ndm 2001, hoan chinh sita chita ngay 29 thdng 1 nam 2002)

TOM TAT: PLC (Programable Logic Controller: B§ digu khién logic 1dp trinh dugce) 12 thiét
bi digu khién rit tién ti€n va tién dung trong cdng nghiép va trong diéu khién tu dong néi
chung, 12 sin phdm ciia sy két hgp tuyét dinh gitta k§ thudt vi xi Ii vdi cong nghé phan mém
v cde tinh ning cong nghiép. Tuy viy, ¢ nudc ta viéc gidng day va ing dung PLC vin cdn
han ché&. D¢ 1a do gid thanh ctia PLC tuong doi cao va tinh tudng thich giita cic PLC cia cdc
hing chura cao. Cong trinh nghién citu xay dung mot bd PLC tuong dudng tir b vi diéu khién
89C51 nhiim thuc hién hai muc dich: (1) tao ra mot thiét bi PLC cd ban gid thanh thdp cho
gidng day va cdc d@ng dung diéu khién thong thudng (day chua phdi [a thi€t bi chudn trong
cong nghiép), (2) trén cd sd nay s& phét trién duge mot PLC manh va da ning hon nhung
ciing chi nhim hai muc dich gidng day va dng dung thong thudng ...

Nhigu vin dé thiét k& phin ciing va thuit todn chuong trinh phdi dudc gidi quyét dé cd
thé xdy dung mot PLC tir mot vi diéu khién .

1. TOM LUGC KIEN TRUC CUA PLC:

Cau triic cia PLC bao gom : don vi x( i trung tdm (CPU) chita chwong trinh tng dung ,
cdc mo-dun giao Li€p ngd vao va ngd ra dudc ndi tryc ti€p vdi cdc vung xudt nhip cda cdc
thiét bi khdc ding dé nhip tin hiéu diéu khién tif bén ngoai vao hay xudt tin hiéu tir CPU ra
ngoai dé diéu khién thiét bi ngoai vi trong d6 mdi don vi ngd vao /ra déu duge dic trung bdi
mdt dia chi duy nhit , bd nhd (st dung nhiéu loai nhu RAM , ROM , EPROM , EEPROM ) va
nguon cip dién ctia PLC hoat ddng bén trong tif 5 dén 15V. Cdc mach vao/ra ctia PLC phdi
bdo ddm viéc tdch dat khi ndi ghép vdi day chuyén cong nghé hay vdi cdc thi€t bi khdc nhau .

Hinh 1 : C4u hinh chung ctia PLC

Cdc dang chudng trinh chinh ma PLC c6 thé hiéu dugc : dang 1énh (Instruction) , dang sd
do thang (Ladder Diagram) . Sd do thang 13 ngdn ngit ldp trinh bang do hoa, nhitng thanh
phin cd ban diing trong so do thang c6 thé dugc xem nhu nhitng ro-le (relay) ma sy déng/md
clia chiing chinh 12 nhitng diéu kién thi hanh ctia 1énh . So do thang 1a duding ndi cdc phan tif
thanh mdt mang hoan chinh di tit ngudn bén trdi sang ngudn bén phai , dudng ngudn bén trdi
la day nong, dudng nguon bén phdi 1a ddy trung hoa.

Hinh 2 : Ngon ngit 13p trinh dang sd do thang

Trang 12




TAP CHi PHAT TRIEN KHCK, TAP 5, S0 182/2002

2. CHON LINH KIEN XU Li TRUNG TAM : :

Véin dé dit ra ngay tit dau cho ching ta la chon linh kién x& Ii trung tdm 13 vi xt li
(microprocessor) hodc vi diéu khién (microcontroller) .

* Ve cdu triic phan cing : Trong khi vi xi& 1i chi 1a mot CPU chip don thi vi dieu khién 1a
mot vi mach bao gébm mot khdi CPU va nhigu mach hé thdng vi diéu khién hoan chinh .
Ngoai by CPU , vi diéu khién bao gobm c4 RAM , EEROM , bd giao ti€p ndi ti€p va giao
ti€p song song , bd dinh thdi (timer) va mach 1dp trinh ngit (interrupt) . LA linh kién digu
khién c6 hudng nén vi dieu khién dudc coi la ¢6 ddp ing ddi véi tic nhin bén ngoai (cdc
ngdt ) trong thdi gian thuc , nhd mot dic diém quan trong cla cédc vi diéu khién 1a hé
théng ngit noi .

e Ve ing dung : Vi x& li phédn 16n dudc s dung nhu 12 mét CPU don thuin trong cde hé
théng mdy vi tinh , trong lic vi diéu khién dudc sir dung trong cdc thiét k&€ can cdc thinh
phén linh kién nhd thuc hién cdc diéu khién c6 hudng . Vi diéu khién phi hop vdi viéc
di¢u khién cdc thi€t bi nhap/xuat trong cdc thi€t k& doi hai it linh kién it thoéng tin , con vi
xU¥ 1i phit hdp véi viéc xit Ii cdc thong tin trong hé théng vi tinh .

e Ve cdc dic diém tdp 1énh : Tdp lénh vi diéu khién 12 nhiing 1énh x Ii chuyén siu , tiic 12
manh vé cdc ch& do dinh vi vdi nhiing 1€nh phuc vu cho cdc hoat dong trén nerng viing
dir ligu I6n . Céc 1énh nay c6 thé thyc hién trén cdc di licu 4 bit, 8 bit , 16 bit hodc 32 bit.
Mit khdc , vi diéu khién c6 tdp 1énh cho phép giao ti€p vdi nhiéu ngd vio va ra ding
1€nh tiing bit , €0 cdc 1énh ddt va xod tirng bit riéng 18 ma dic diém quan trong nay it ¢6 &
cdc vi xi i .

Chinh vi cdc ddc diém trén ma ma vi digu khién da duge chon nhu 13 bo xit Ii trung tim dé
xdy dung PLC .

Van dé ti€p theo 1a xdc dinh d6i tugng PLC , vi diéu khién , va phan mém dé thuc hién
viéc xiy dung . O day chiing ta thi€t k€ mot PLC nhim c6 tinh ning nhu PLC CPMIA-
20CDR-D v6i phan mém la Syswin 3.2 cda hdng OMRON . Nhd ¢6 déi tugng so sanh cu thé
nhu vdy , ching ta c6 thé ddnh gid sén phim cda minh v& dic tinh k§ thuat , kich ¢d , hiéu
qud cta tap lénh , gid thanh ,.. Vi dieu khién 89C51 ciia hing Intel dugc chon vi phd bién |
gid ré va ching ta sit dung Visual C++ dé thyc hién viéc xay dyng phan mém .

3. XAY DUNG PHAN CUNG CHO PLC:

Trén cd sd cla vi diéu khi€n 89C51 , chiing ta thiét k& phan cing PLC mang tén
PLC/89C51 . Phan mach chinh dudc trinh bay & hinh 3 . Mach dung hai vi diéu khién lién két
dudng truyén & dang ndi ti€p , mot thuc hién chic ndng khdi dong mach va mét lvu chuong
trinh ngudi st dung soan thdo vao bd nhd Flash ROM . Bén canh d6 , mach con st dung bd
nhd RAM dé€ luu trit chuong trinh (khi vira tai tir mdy tinh xudng ) va dif liéu tam thdi cia cdc
dia chi nhu 12 ngd vao , ngd ra, bo dinh thdi , bd d€m ... Trong d6 , vi dieu khién chinh s& néi
két v4i mdy tinh thong qua hai ngd vao va hai ngd ra cia RS232 theo dang dudng nhin RxD
clia mdy tinh ndi v6i dudng truyén TxD ctia PLC/89C51va duting truyén TxD cda mdy tinh
ndi vdi dudng nhan RxD ctia PLC/89C51. Sau khi nhin dugce chuong trinh tir mdy tinh truyén
xudng , vi diéu khién chinh s& nhan va tam thdi luu chudng trinh vao RAM . Ti€p d6 , vi diéu
khién chinh sé& thiét lap ch&€ dd x6a Flash ROM ciia vi diéu khién thi hai va sau do , luu
chuong trinh vao Flash ROM cia vi diéu khién thi hai .
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Hinh 3: SJ d6 kh&i mach dién tit ctia PLC/89C51 (chua ké mach giao ti€p mdy tinh va nguodn
dién )

Pé c¢6 dude nhidu chifc ning , mach cling bao gom cdc ngd vao tuong ty va so (tic céc
ngo vio 000.0A va 000.0B sé& thuc hién hai chitc ning vira ti€p nhan tin higu tudng ty , vira
ti€p nhén tin hiéu sd; ngudc lai cdc ngd ra 010.06 va 010.07 tit D/A sé& diéu khién cdc thiét bi
du6i dang dong) . Bén canh d6 , PLC/89C51 con c6 khd ning md rong thém mét bd /O . Véi
s6 lugng bd dinh thdi va b d€m cta PLC 16n , mach PLC/89C51 da phai thém linh kién 8253

dé hd trg véi cdc bo dinh thdi lap trinh sdn bén trong va thyc hién chic ning bd dinh thdi téc
d6 cao trong 1énh TIMH cia PLC .

Do tinh chat cong nghiép nén PLC dugc thi€t k€& thanh ting md-dun cé kich thude ctia
mdi loai theo mot tiéu chudn nhat dinh . Chinh vi vay , khi thi€t k& PLC/89C51 dya trén
CPMIA , chiing ta ciing da xem xét vin dé tuong thich vé kich thudc . D€ c6 kich ¢3 nhd ,
hinh d4ng thich hop , ta gidi quyét la thuc hién mach theo dang nhiéu tang (hinh 4) .

Hinh 4 : Céch thic sdp x&p mach in trong PLC/89C51

3.XAY DUNG PHAN MEM CHO PLC/89C51 :
Tiép theo phdi 4y dung phin mém cho PLC/89C51 ma nhiém vu 1 bién d6i ngdn ngi

clia vi dieu khién 89C51 sang kiéu ngdn ngit so do thang cia PLC , cu thé 12 ngdn ngi
Syswin 3.2 cia OMRON .

Sau khi tao hinh dnh trong Paint , chiing ta s& 14p trinh cho cdc hinh dnh : dit kich thudc
clia cdc hinh anh , x& 1i viéc chon va vé nhiu doi tugng , xi li viéc ghi dif liéu, va xod mot
d6i tugng . TiX d6 , chiing ta 1ap trinh viéc doi 1énh PLC sang 1&énh 89C51 , cho phép lvu tri
file , tai chuong trinh xudng PLC va nhdn dif liéu trd veé .

Ciéc budc 14p trinh duge thé hién theo lvu d6 & hinh 5 .

Hinh 5: Luu do thyc hién phan mém PLC/89C51
Luu do toan bd chuong trinh dugc thé hién & hinh 6 , trong d6 :

Hinh 6 : Luu do khéi toan b chudng trinh

e Chuong trinh Ext_intl hodc Ext_int2 (hinh 7) : 1a chudng trinh ting bién dé€m khi c6
canh xudng tic dong .

Hinh 7 : Chuong trinh Ext_intl
e Chuong trinh chinh (hinh 8) : thuc hién viéc khdi tao cdc thanh ghi va cac cOng , kiém
tra viéc 14p trinh cho CPU2 , kiém tra cd truyén va nhén dif liéu, thiét 14p trang thai

den (7 doan) hién thi gid tri dién th€ .

Hinh 8 : Chuodng trinh chinh
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10.

11.

12

e Chuong trinh uart_int (hinh 9) : thyc hién thao tdc truyén va nhin dit liéu mdi khi cg
truyén va nhin dudc tic dong .

Hinh 9 : Luu do khéi chuong trinh uart_int

.CAC PAC TiNH CUA PLC/89C51 :

Pé hiéu rd hon vé PLC/89C51 va khd ning hoat dong cia né , chiing ta s& khdo sit mot
s0 cdc dic tinh sau :

. Phuong phdp diéu khién (Control method) : dung phudng phédp Iuu chuong trinh (Stored

program method) .

Phuong phép digu khién I/O (I/O control method) : K&t hgp phuong phdp quét tudn hoan
va cap nhat lién tuc .

Ngén ngit 1ap trinh (Programming language) : dang sd do thang (Ladder Diagram) .

Do dai 1énh (Instruction length) : mdt budc cho mét 1énh , 1 dén 5 words / 1énh

Ciéc loai 1€nh (Types of instructions) : cdc 1énh cd bdn : 14 1énh , cdc 1énh dic biét : 77
1énh . '

Thdi gian thi hianh 1énh (Execution time) : cdc 1énh c¢d ban : 2 ps dé€n 16ps , cdc 1énh dic
biét : 16us (1&€nh TIM) .

Dung lugng chuong trinh (Program capacity) : Master : 256 words (Internal ROM) va
Expansion : 2,048 words (External RAM)

Céc I/0O t61 da : CPU : 20 ngd (12 ngd vao / 8 ngd ra) va cho phép md rdng 1 Expansion
Unit .

Cau tric viing bd nhé (Structure of Memory Area) :

o Cic bit nhiap (Input bits) : 00000 dén 00012 (Riéng bit 000.0A va 000.0B : ngd vao
A/D)

e Céc bit xuat (Output bits) : 01000 dén 01008 (Riéng bit 000.06 va 000.07 : ngd vao
D/A)

e C4c bit 1am viéc (Work bits : IR area) : 200.00 d&€n 200.07 (8 bits) hay 200 dén 229
(30 words) Céc bit diic biét (Special bits : SR area) : 230.00 d&én 230.07 (8 bits) hay
230 dén 255 (26 words)

e C4c bit tam thdi (Temporary bits : TR area) : 110.00 dén 110.07 (8 bits)

e Cic bit giit (Holding bits : HR area) : 020.00 dé€n 020.07 (8 bits) hay 020 d&€n 049 (30
words)

e Cic bit phu (Auxiliary bits : AR area) : 050.00 dén 050.07 (8 bits) hay 050 dén 069
(20 words)

e Céc bit lién k&t (Link bits : LR area) : 070.00 dén 070.07 (8 bits) hay 070 dén 099 (30
words)

e Céc bd dinh thdi /d&€m (8 timers/counters) :100.00 dén 100.07 (8 bits)

B0 nhd dir liéu (Data Memory : DM area) :

Read/Write : 2048 words , Read Only : 128 bytes

Kiém tra chudng trinh (Program checks) : n€u khong c6 1énh End , chuong trinh s& bi 16i

(thuc hién viéc ki€ém tra 15i trong sudt qué trinh thyc hién ) .

Gid thanh don gid bao gom linh kién , mach in , v4 , mit mica (chua k€ cong ldp rdp ) :

Master : 700.000 ¢, Expansion : 400.000¢.
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6. PIEU KHIEN THIET B] BEN NGOAL:

Khi ding PLC/89C51 d€ diéu khién thiét bi ngoai , ching ta tién hanh cdc bude
theo sd do khéi hinh 10 :

Hinh 10 : Sg d6 khéi chuong trinh digu khién thiét bi ngoai
7. KET LUAN:

Chiing ta da thuc hién xong viéc ding vi xit 1i d€ xay dung PLC . Hinh 11 cho thdy hinh
ddng bén ngoai cia PLC x4y dung mang t&n PLC/89C51 . Thiét k& chi ti€t va so d6 mach
di€n t¢ dudc trinh bay & [1] . Sau day 14 so sdnh PLC/89C51 va ddi tugng so sanh 1a PLC
CPMIA ciia OMRON . Trén cd sd dat dugc , chiing ta c6 thé phét trién mét PLC doc l4p vdi
PLC ctia OMRON vé dic tinh k§ thuit va tip 1énh .

Hinh 11: Hinh ddng bén ngoai ctia PLC/89C51

* V& cdu tric : dia chi cdc viing dugc bd tri mot céch lién tuc tir 000 dén 255 rat tién 10i cho
ngudi st dung vi khong phdi nhé titng khodng ving AR , HR , LR ... khéng lién tuc . Bén
canh d6 , PLC/89C51 con dugc thi€t k& dudi dang tdi chudng trinh vao Flash ROM (cé
sdn trong vi diéu khién 89C51) véi wu diém khéng bi mat chuong trinh khi bi mat dién .
Tuy nhién véi nhifng chudng trinh thudng phdi thay d6i , ngudi sit dung c6 thé nap vao
RAM cia khoi md rong (Expansion Unit ) (hinh 3) .

*» Ve tinh ning : PLC-CPM1A chua thuc hién chitc ning bi€n déi A/D hay D/A , nhan dit
liéu trd v& man hinh , khong c¢6 khd ning md rong /O , khong c6 led 7_doan hién thi ngo
vao 1(hay 2) va gid tri vao A/D . PLC/89C51 ddm bdo diing s6 Iugng ngd vao/ra (20 I/O )
va ndng cao khd nidng st dung clia dia chi ; riéng ngd vao 0Ah va 0Bh cé thé dugc si
dung trong hai muc dich : ngd vao binh thudng hodc ngd vao A/D ; riéng ngd ra 06h va
07h c6 thé dudc st dung trong hai muc dich : ngd ra binh thudng hodc ngd ra D/A . Mit
khdc , do sif dung cdc loai linh kién théng thudng cé sdn trén thj trudng ré tién nén gis
thanh sdn phdm ré dang k€ so v6i PLC cta cdc hing . :

% Ve chit lugng (dd 6n dinh ) : do sén xut trong diéu kién cdc linh kién , mach in va han
mach khong c¢6 d§ chinh xdc cao nén by PLC/89C51 khdng phai 1a thi€t bi cong nghiép
ding nghia , khong thich hgp ¢ méi trudng nhiéu 16n , nhiét dd cao ... .Tuy nhién , né ddp
Ung dudc cic ting dung diéu khién thong thudng . P4c biét trong gidng day , sin phdm
PLC/89C51 c6 thé thay thé cdc PLC cong nghiép dit tién hon hoic 12 mot bd sung dé céc
sinh vién hiéu r6 vé cdu tric va tip 1énh ciia PLC . Do thiét k& dua vao cdc linh kién cé
sdn trén thi trudng nén viéc sita chita rat thuin 1oi .
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Hinh 1 : Cdu hinh chung ciia PLC
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Hinh 2 : Ng6n ngif 1ap trinh dang sd d6 thang
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89CS51 Ackily
Data

(Vi diéu khién chinh)

Po-P2 ..

& RAM
dé Iuu chuong trinh
(khi viia download) va

P1.4-P1.7

PO

P2

Relay >

DO - D7
Gate (1->3)
Out (1->3)
A0 - A1

8253

khién thiét bi ngoai

di liéu ngudi st dung
TxD
I RxD WR ADC Analog Input
P2.0 | <4— 000.0AH
P1.0 RD/P3.5 e <—— 000.0BH
P1.1 P2.5-P2.7 Output 1
e 010.06H
P1.3 P1.4
P15 Output 2
010.07H
89C51 ol B F e e
AL L 1 L Opto Cac ngd vao tu thiét bj
P1.0 - P1.3 [ ngoai dé diéu khién
(Vi diéu khién phu)
— | TxD #
RxD Y j > Cac ngd ra dé diéu

Hinh 3 : So dd khéi mach dién tk ciia PLC/89C51 (chuwa k& mach giao
tiép mdy tinh va ngudn dién )
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g st

Mach diéu khiéin chinh

Hinh 4 : Cdch thitc sdp xép mach in trong PLC/89C51

Thu vién lénh PLC

v

Céc lénh PLC tudng ung vdi
89C51

;

Cdc qui tdc viét chuong trinh
béc thang

v

Viéc déi lénh PLC sang Iénh
89C51

v

Cho viéc luu tri file

.

Cho viéc download file xudng
PLC

.

Cho viéc nhan du liéu trd vé

Hinh 5: Luu dé thuc hign phdn mém PLC/89C51
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ORG 00H

l<

Ch uang] trinh

ORG 03H

Chuong z;rinh

ORG 13H

!

Chuaong trrinh

|OF?G 23H |

Chuong trinh
. b

Hinh 6 : Luu d6 khdi toan bd chuong trinh

[ Chuang trinh

h 4

Push ACC
Push PSW
RsO = 1

A

Count ++

Count =

Y

Count =0

A 4

Quay vé chuong trinh

Hinh 7 : Chudng trinh Ext_int1 (2)
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LChUdng trinh

J

Y

hi va cdc céng

Khdi tao cdc thanh

Y

Chuadng trinh
setup dispaly

Cd& chuong
trinh dién thé
=12

CJ 1ap trinh N

CPU2=07?

Lap trinh CPU2
Cdcco=20

Chuong trinh dién

thé

L

N

Cd truyén

Chuong trinh dién

thé dit liéu = 0?

b

Truyén dif liéu
Céccd =0

Hinh 8 : Chuong trinh chinh
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Truyén di liéu vé may tinh

>
>

r

Quay vé chuong

trinh

Kiém tra noi
dung ACC

Flag1.2 =0
Flag1.3=0
P
Quay vé

chuong trinh

Flag3.0=0
Flag3.1 =0
Flag3.2 =10

1

O_._:Q:@ trinh uart_ ::

‘

Ri=0, A -> sbuf

v N
:
_ N

4

tu may tinh

Flag2.6 =0

Truyén di liéu vé may tinh
[

v
Quay vé
chuong trinh

Hinh 9 : Luu d6 khéi chuong trinh uart-int
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Soan thdo chuang trinh
bang ngdn ngll bac thang

v

Luu file

v

Chon téc dd Baud , cdng
truyén , don vi truyén .

v

Xudt chuadng trinh téi PLC

7

Nhan két qua tra vé

Hinh 10: So dé khdi chuwong trinh diéu khién thiét bi ngoai

LED OUTPUT PLC/89C5 ] QUTPUT
010. 00H O01H 02H 03H 04H O05H 06H 07H O00OH 01H 02H O03H
o o 0 B © O O O O © o o
04H O05H 06H O7H
LED DISPLAY o et B0
POWER RUN ERR )
0 o) o) HVTH : NGUYEN THI HONG HA
INPUT 000. 00H 01H 02H 03H 04H O05H R—
e 6 O O 0 0 ©° s
06H 07H 08H 09H OAH OBH @
O O 0O O O O
0000 O O O O O & © © O 0 & D
00H O01H O02H 03H O04H 05H 06H O07H O00H O1H O02H O03H
o @ © 0 © o O 0D O V. O .0
LED & SWITCH INPUT

Hinh 11: Hinh ddng bén ngoai ciia PLC mé phdng
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THE CONSTRUCTION OF PROGRAMABLE LOGIC CONTROLLER
USING MICROCONTROLLER 89C51

Nguyen Huu Phuong, Nguyen Thi Hong Ha
University of Natural Sciences — Vietnam National University HoChiMinh City
(Received 31 December 2001, Revised 29 January 2002)

ABSTRACT: PLC (Programmable Logic Controller) is a modern and compact device used
in industry for automatic control. It is a product of an excellent combination of
micioprocessing technique, software technology and industrial characteristics. However, the
application of PLCs in control and especially in training is still limited, due to their relatively
high price and the low compatibility of products from different manufacturers.

The project is to design and construct an equivalent PLC using the popular 89C51
microcontroller as the CPU. To this aim we have designed the complete circuit and written
the equivalent ladder diagram instruction set. This simulation serves two purposes: (1) to
create low-price basic PLCs for training and normal control applications, (2) to set ground for
the development of more powerful PLCs for the same purposes.
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