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PHAT TRIEN HE THONG DIEU KHIEN CHO ROBOT
CONG NGHIEP SU’ DUNG PLC MITSUBISHI Q

DEVELOPMENT OF A CONTROL SYSTEM FOR INDUSTRIAL ROBOTS USING
PLC MITSUBISHI Q

TS. Dwong Van Lac
Khoa Co Dién tir, Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Viéc nghién ciru phat trién hé thong diéu khién cho robot cong nghiép la cuc ky can thiét
trong thuec tién dé lam chii san xudt va iing dung khéi phuc cdc robot cong nghiép da bi hw héng
hé théng phan diéu khién. Bai bdo trinh vé phat trién mét hé thong diéu khién cho robot céng
nghiép ba bdc tinh tién cé tich hop ngén ngit lgp trinh cho nguwoi ding, sir dung b diéu khién PLC
Mitsubishi Q02HCPU va mé-dun diéu khién vi tri OD75MH4. Phan mém c6 ddy dii cac chire nang
co ban, ciing nhuw cho phép nguoi ding c6 thé soan md ldp trinh dé diéu khién robot. Thuc nghiém
cho thcfy bé diéu khién robot ¢é thé hoat dong 16t va on dinh.

Tir khéa: Robot céng nghiép; B diéu khién robot; B diéu khién logic PLC.
ABSTRACT

Researching control systems for industrial robots is necessary to master production and
to restore industrial robots whose control systems have been damaged. This article presents the
development of a control system for three degrees of freedom industrial robots that integrates
programming language for users, using a Mitsubishi Q02HCPU PLC controller and QD75MH4
position control module. The software has all the basic functions and allows users to compose
programming code to control robots. Experiments show that the robot controller can operate well
and stably.

Keywords: Industrial robots; Robot controllers;, Programmable logic controller (PLC).

1. PAT VAN PE

Trong thoi dai cong nghi¢p 4.0, robot
cong nghi¢p khong chi dong vai tro lam ting
hiéu suét san xut ma con 1a ¢t 15i cua tyu dong
hoa va linh hoat trong qué trinh san xuat. Tinh
linh hoat cua cac hé thong robot ngay cang tro
nén quan trong trong viéc dap tmg nhu cau thay

d6i cua thi trudng va phan tng nhanh chong véi
cac bién dong. Viéc nghién ctru va phat trién hé
théng diéu khién cho robot cong nghiép & Viét
Nam trong bdi canh ctia cudc cach mang cong
nghiép 4.0 dat ra mgt thach thuc dac biét: lam
cht cong nghé san xuat ciing nhu khoi phuc
cac robot cong nghiép da bi hong hé thong diéu
khién.
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Hién nay, phan 16n robot cong nghiép
déu phu thudc vao cac nén tang phan mém doc
quyén ctia nha san xuat, voi viéc 1ap trinh robot
dua trén ngdn ngu lap trinh riéng ma moi nha
san xudt cung cip. Diéu nay tao ra nhitng thach
thirc ddi voi viée cap nhat, bao tri Va phat trién
cac chuc nang mol dé dap tng nhu cau san xudt
hién tai, do quyen truy cap vao cac cap do thap
ctia hé thdng diéu khién bi han ché [1]. Dé khic
phuc nhirmg han ché nay va mé rong cac ung
dung cua robot, co rat it nghién ctru hoc thuat
gidi thiéu cac cong nghé madi va cac giai phap
diéu khién thay thé [2]. Vi dy, Claudio va cong
su [3] d4 phat trién cu trac diéu khién sir dung
hai bo vi diéu khién dsPIC30F4013. Tuy nhién,
viéc duy tri hé théng nay trong moéi truong
cong nghi¢p trong thoi gian dai dit ra nhitng
thach thirc 16n.

Dé giai quyét van dé trén, bai bao dua
ra phuong 4n x4y dung phan mém va hé théng
diéu khién robot dya trén céc bo didu khién
logic PLC san c6 trén thi trudng. Muc tiéu cua
nghién ciru nay 1a 1am chu hé thong diéu khién,
xay dyng mi ngudn mé tmg dung cho robot
cong nghiép dé vuot qua cac han ché ky thuat
va su phu thudc vao nén tang phén mém doc
quyén cta cic nha san xuét robot.

2. NOI DUNG NGHIEN CUU
2.1. Xdy dung hé thong diéu khién

Hinh 1(a), (b), va (c) lan luot trinh bay
so d0 cAu tric cta hé théng diéu khién, tu diéu
khién va mo hinh robot ba béc tu do dugc sit
dung dé kiém chung hoat dong. Hé thdng bao
gdm may tinh, mo-dun PLC QO02HCPU va
cac dong co AC servo dan dong cho cac khép
ctua robot. Trong nghién clru nay, dong dong
co servo HF-KP va driver MR-J3B cua hang
Mitsubishi da dugc Iua chon. D¢ thyc hién diéu

khién cac dong co nay, mo-dun diéu khién vi tri
QD75MH4 da duoc sir dung. Pic diém noi bat
cia mo-dun nay 13 kha ning diéu khién dong
thoi 4 truc voi nhiéu tinh ning diéu khién, bao
g6m diéu khién riéng 1¢ va diéu khién noi suy.
Tin hiéu vé van téc va vi tri s& duoc nhap trén
giao dién phdn mém may tinh. Chuong trinh
s& quét 1énh va chuyén dit liéu diéu khién dén
PLC, va sau khi nhan dugc dir li¢u, PLC s€ ghi
vao céac thanh ghi chire ning trén mo-dun didu
khién chuyén dong QD75MH4. Mb-dun nay
duoc két ndi vai cac bo didu khién dong co AC
servo MR-J3B thong qua truyén thong mang
SSCNET III. PLC sau d6 nhan lai tin hi¢u vé vi
tri cia cac khép va giri lai 18n may tinh dé hién
thi trang thai hoat dong ctia hé théng.

PLC

MR-J3-B

Dong co HFKP g

Hinh 1. (a) So do hé thong diéu khién; (b) Tu diéu
khién; (c) Mo hinh robot.

Viéc diéu khién dong co AC servo thong
qua mo-dun QD75MH4 tuong d6i dé dang.
Trong b nhd cua moé-dun phan chia thanh cac
thanh ghi bd nh¢ véi cac chirc nang tuong Uing.
Lay vi du véi viéc diéu khién truc X (tryc 1).
Néu ta mudn di chuyén truc X theo mot van tde
nhat dinh dén mot diém, can hai thong sb co
ban 1 vi tri va van toc. Danh sach 600 diém di
chuyén cua truc 1 duoc nha san xuat quy dinh
1a tir 2000 dén 7999. Mdi mot diém duoc cp
phat 10 thanh ghi, mdi thanh nhé gom 16 bit.
Chtrc ning ctia moi thanh ghi nhu sau:

« Data No: S6 tht tu cta diém, khi can
di chuyén dén diém nao chi can dua gia tri thir

tu trong Gng cua diém d6 vao thanh ghi G1500. &
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* Positioning identifier: Dinh danh dia
chi ctia diém, 6 nhd chira cac thong tin vé kiéu
diéu khién, kiéu di chuyén, thoi gian ting va
giam tc,...

« M code: Tity chon gia tri M code néu can.

« Dwell time: Thoi gian cho cho dén khi
di chuyén dén diém ké tiép.

Command speed: Thanh ghi toc do, cau
thanh tir 02 thanh ghi 16 bit, tuong duong thanh
ghi 32 bit va kiéu gia tri nguyén.

Positioning address: Thanh ghi dia chi.

Arc data: Thanh ghi dia chi phuy, dung
khi diéu khién noi suy cung tron.

Bang cach phéi hop didu khién cac
dong co mdt cach hop 1y, robot co6 thé thuc hién
cac yéu cau di chuyén theo quy dao ma ngudi
van hanh mong mudn.
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Hinh 2. Giao dién cdu hinh cho mé-dun
OD75MH4.

2.2. Lap trinh diéu khién PLC

Chuong trinh diéu khién PLC dugc
xay dung trén phan mém GX Work 2 ciia hing
Mitsubishi. Trudc khi 1ap trinh diéu khién
chuyén dong cho céc truc, can cai cac tham sb

cho mé-dun QD75MH4 nhu Hinh 2, bao gom
nhu don vi, sb xung trén mot vong quay, ty
s6 truyén dong,... Chuong trinh duoc thiét ké
v6i day du cac chirc ning cho muc dich diéu
khién cac khép ctia robot nhur ché d6 chay JOG
(chay thtr), ché d6 OPR (do gbc) va FAST OPR
(vé gbc nhanh), ché do Interpolation (chay noi
suy).

Trong phan 1ap trinh lién quan dén do
gbc (Home) cua robot, mdi khi khoi dong hé
thdng, can dua cac khép cua robot vé gdc. Bé
thuc hién qua trinh nay, chitc nang OPR cua
mo-dun QD75MH4 dugc st dung, robot s&
tim géc dua trén cam bién Home, vi tri géc S€
dugc ty dong luu lai, 1am co s cho cac dich
chuyén cho robot sau nay. Trong ché d6 chay
ndi suy, quy tic di chuyén cua robot 13 truc Y
noi suy theo truc X (nén van toc truc Y ciing s&
phu thudc vao truc X) dé tao ra quy dao mong
mudn, truc Z chay phéi hop véi hai truc X va
Y vé& ra quy dao chuyén dong cho robot. Cac
thong s6 can xac dinh gdm dia chi diém dau
va diém cubi voi trudng hop ndi suy dudng
thang. Vi ndi suy dudng tron can thém diém
trung gian. Céc thong sd quan trong khac can
xac dinh bao gém: dia chi diém dau va cudi cua
truc Z, tbe d6 ndi suy cia truc X va Y, toc do
tiép can cua truc Z.

2.3. Phan mém diéu khién

Hang Mitsubishi Electric cung cdp céc
phan mém 14p trinh cling nhu hd tro cac thu
vién 1ap trinh khi lam viéc véi cac thiét bi cua
hang. Nghién ctru nay str dung phan mém MX
Component dé thyc hién két ndi giita phan mém
1ap trinh trén may tinh va PLC cua hing. Chuan
USB duoc st dung lam chuan giao tiép giira
méy tinh v6i PLC. Hinh 3 1a giao dién phan mém
diéu khién duoc thiét ké trén Windows Form sit
dung phan mém l4p trinh Visual Studio 2022.
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Hinh 3. Giao dién phan mém diéu khién trén
may tinh.

Phan mém diéu khién dugc phat trién
day du cac chirc nang co ban trong diéu khién
robot bao gém: chay JOG céc tryc doc lap, vé
géc, hién thi m3 164, chay noi suy, hién thi quy
dao robot, diéu chinh tdc do, hién thi trang thai
cua hé théng theo thoi gian thuc. Mot diém ndi
bat clia phan mém 1a c6 tich hop ngdn ngir lap
trinh cho nguoi van hanh.

3. KET QUA THU'C NGHIEM
3.1. Panh gia sai s6

Dbé danh gia d6 chinh x4ac 1dp cua robot,
mot thi nghiém da duoc thyc hién dé danh gia
sai s6 chuyén dong ctia robot. Mot dong hd so
duoc dat sao cho phuong di chuyén cua dau SO
trung véi phuong chuyén dong cua truc can do.
Sau do6 cho robot di chuyen theo truc can do,
khi mat tiép xuc cham vao miii do cua déng hd,
kim déng hd s& chi mot gia tri nhét dinh nao
do6. Giir nguyén trang thai cua robot, xoay mat
dong ho sao cho mili kim chi gia tri tring véi
vach “0”, va ghi nh¢ vi tri hién tai cua robot
dang hién thi trén giao dién diéu khién. Tiép
d6, cho robot quay vé gdc xuat phat va quay
lai vi tri cua robot da luu trude do6 trong 20 lan
do. Khi d6, néu co bét ky sai s6 nao so véi vi tri
quy udc “0”, sai s6 s& hién thi trén kim chi thi
ctia dong ho so. Két qua do chinh xac lap duoc
danh gia bang do léch chuan va duoc tinh theo
cong thuc sau:

1 - B
- = lzl(xi %
\ .

Trong d6, n 1a tong s mau do, X 1a
trung binh ctia mau dn, x, la gia tri mau do thir
1. Qua tinh toan, sai s0 cua cac khau X, Y, va Z
sau 20 lan do nhu sau:

Bdng 1. Két qua sai s6

X Y V4

Do 1éch

chun (o) 0.01

0.00607 | 0.007255

Céc sai sb trén cho thdy rang robot co
kha ning hoat dong kha 6n dinh va chinh xAc.
Theo do phﬁn giai cua dong co, cac khau cua
robot c6 thé thyc hién chuyen dong voi do
chinh xac dén c& lpm cho thay rang céc sai 86
thue nghiém cha yéu dén tir sai s6 co khi cua
cac truc chuyén dong. Vi vay, néu co khi cua
cac truc duge san xuét chinh xac, robot c6 thé
dat duge d6 chinh xac cao hon nhiéu. Diéu nay
1am ndi bat vai tro quan trong cta su két hop
giita cac yéu td diéu khién va co khi trong viéc
dam bao hiéu suit va do chinh xac cta robot
trong qua trinh hoat dong.

3.2. Quy dao thir nghiém

Cudi cung, dé kiém tra hoat dong cua
robot v6i phadn mém diéu khién duoc phat trién,
mot quy dao hinh cht “HUST” da duoc thu
nghi¢m, nhu trong Hinh 4(a). Quy dao chay
thuc té ciia robot dwoc thé hién trong Hinh 4(b).
Két qua thu dugc cho thdy rang quy dao thuc
té dap ung ding v6i quy dao mong mudn. Tuy
nhién, trong qua trinh hoat dong, thoi gian xur
ly 1énh con twong d6i cham. Didu nay dit ra
yéu cau tiép tuc nghién ctru va xdy dung cac
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giai thuat dieu khién d€ nang cao toc do va tinh
muot ma trong chuyén dong cua robot.
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Hinh 4. (a) Quy dao mong muon; (b) Quy dao thuc
té cuia robot.

4. KET LUAN VA KHUYEN NGHI

Bai bao di trinh bay mot hé thong diéu
khién cho robot céng nghiép dua trén sir dung
bo diéu khién PLC. Mic du cac chiic nang con
twong dbi don gian, nhung hé théng co ban da
dap tmg duoc cic yéu cau cia bai toan didu

khién: gdbm chirc nang diéu khién bang tay, diéu
khién theo chwong trinh va hién thi trang thai
hoat dong cua hé théng theo thoi gian thuc.
Két qua ctia nghién ctru hoan toan c6 thé mo
rong lén céc cAu hinh robot ¢4 nhiéu bac tu do
hon, nhu st dung mo-dun diéu khién 16 truc
QD77MS16. M ngudn mé cua nghién ciru
dugc cong bd theo duong din sau: https:/
github.com/lacduong/RobotController. %
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