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TOM TAT

Nghién cieu nay trinh bay qud trinh thiét ké, mé phong, ché tao va danh gid mét hé thong
mdy phii keo bdo vé dwa trén cdu triic robot gantry XYZ cho cac ung dung boi keo/phu mdng mong
(conformal coating) trong cong nghiép. Hé thong dwoc xdy du’ng trén co s¢ mé hinh 1y thuyét dong
hoc robot, mé phéng bang cong cu MATLAB Simscape, thiét ké co khi chmh xac sw dung co cau
truyén dong vit me bi tiéu chudn két hop véi dong co servo dé dam bdo dé on dinh cao trong qud
trinh vdn hanh. Bé diéu khién PLC Mitsubishi O-series cing module diéu khién vi tri trong céng
nghiép dwoc trién khai dé thie hién diéu khién chuyén dong da truc thong qua phwong phép phat
xung va noi suy quy dao. Mo hmh dwege kiém chirng thong qua ca mo phong va thuc nghzem trong
do cac chi tiéu danh gza bao gom do lap lai vi tri, sai so goc gitta cac truc va sai s6 bam quy dao.
Két qua do kiém cho thdy hé thong dat dé Idp lai dwéi 10 um, sai sé géc X—Y nhé (=0.049°) va sai
s6 bam qui dao nam trong giéi han cho phép cia cdc iing dung cong nghiép can @ chinh xdc cao.
Két qua nghién cieu khang dinh tinh kha thi ciia gidi phdp trong viéc ndng cao dg chinh xdc, hiéu
sudt san xudt, tich hop hé thong, dong thoi tao nén tang cho cdc nghién ciru phdt trién tiép theo vé
diéu khién théng minh va t6i wu héa hé thong cé kién tric tiwong tir.

Tw khoa: Robot; Gantry; Robot bom keo, Robot cong nghiép; Matlab simscape.

ABSTRACT

This study presents the design, simulation, fabrication, and evaluation of a protective coating
system based on an XYZ gantry robot architecture for industrial adhesive dispensing and thin-film
conformal coating applications. The system is developed on the basis of robot kinematic modeling
and is simulated using the MATLAB Simscape environment. A precision mechanical structure is
designed employing standard ball screw transmission mechanisms combined with servo motors to
ensure high stability during operation. A Mitsubishi Q-series PLC, together with industrial motion
control modules, is implemented to perform multi-axis motion control using pulse output and
trajectory interpolation methods. The system is validated through both simulation and experimental
studies, where key performance metrics include positional repeatability, angular error between axes,
and trajectory tracking error. Experimental results indicate that the system achieves a repeatability &~
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of approximately 10 um, a small X=Y angular error (=0.049°), and trajectory tracking errors within
acceptable limits for high-precision industrial applications. The findings confirm the feasibility of
the proposed solution in enhancing accuracy, production efficiency, and system integration, while
also providing a foundation for future research on intelligent control and optimization of similar

robotic architectures.

Keywords: Robotics, Gantry robot; Industrial robot; MATLAB simscape.

1. PAT VAN PE

Trong cac ddy chuyén san xuét cong
nghi¢p hi¢n dai, dic biét trong linh vuc di¢n tr,
cac vat liéu keo pht mach (conformal coating)
nhu silicone, epoxy va polyurethane dugc sur
dung rdng rai nham bao vé linh kién khoi do
am, bui ban va tac dong moi truong. Tuy nhién,
cac loai keo nay thuong chira cac hop chit hoa
hoc c6 kha nang gay k1ch ung da, anh huong
dén hé ho hap va tiém an nguy co doc hai khi
con nguoi tlep xuc truc tlep trong qua trinh
thao tac. Bén canh do6, phuong phéap boi keo
thu cong hodc ban ty dong khong chi tiém an
rii ro vé an toan lao dong ma con ¢ ning suat
thap, kho dam bao do dong déu va do chinh xac
khi phu keo theo céc bién dang phuc tap.

Trong thuc té, cac hé théng bom keo
cong nghiép hién nay con bi gidi han boi kich
thudc ving lam viéc (khd bom), gay khé khin
khi xtr 1y cac san pham c6 kich thudc 16n ma
van duy tri do chinh xac. Pdng thoi, quy trinh
diéu khién ctia nhiéu thiét bi trén thi truong
chu yéu dua trén phuong phap “day — nh¢”
(teaching), thiéu tinh linh hoat va kho téi wu
hoa khi thay doi san pham hodc bién dang bom
keo. Piéu nay dan dén nhu cau cap thiét trong
viéc xay dung mot hé thdng co kha ning mo
hinh hoa vat 1y két hop véi mé phong sd, cho
phép ddng bo dit lidu giira thiét ké va van hanh,
thtr nghiém cac phuong an bom keo trudce khi
trién khai thyc té, tir d6 giam chi phi va thoi
gian phat trién hé thong.

Do d6, viéc nghién ctru va phat trién
mot hé thong robot gantry phuc vu bdi keo véi
kha ning diéu khién vi tri chinh xéc, kich thudc
ving lam viéc 16n dé dap tng nhu cau vé cac
thiét bi chuyén dung, diéu khién linh hoat va
tich hop md phong — thyc nghiém la can thiét
nham nang cao hiéu qua san xuat va kha ning
ung dung trong cong nghiép.

2. TONG QUAN NGHIEN CUU

Cac nhanghién ctru tai Viét Nam thuong
tap trung vao giai phap robot dé tmg dung trong
mot linh vuc hodc giai quyét bai toan k¥ thuat.
Tran Thanh Tung va cong sy [1] cong bd cong
trinh nghién ctru vé giai phap Robot dang
gantry voi muc tiéu: (i) Thiét ké va phan tich
robot gantry cho cic ing dung gip va dit (pick
and place): Nghién ctru trinh bay viéc thiét ké,
phat trién va xac nhan hiéu suit cia mot robot
gantry XYZ trong luong nhe, (i) Téi wu hoa
hé théng: Nhom tac gia tap trung vao viéc t6i
uu hoa cép hé théng cho céc nhiém vu cong
nghiép doi hoi lyc thép nhung c6 d9 lap lai cao,
v6i chién lu()’c thiét ké tiét kiém chi phi, va (111)
Muc dich trién khai: H¢ théng nay dugc thiét
ké dé co thé trién khai nhanh chong trong céc
kich ban gido duc, nghién cuu va tu dong hoa
tai cac doanh nghiép vira va nho (SME), giip
lap day khoang cach gitra cac nguyén mau ch1
phi thap va cac giai phap thuong mai dat tién
(Hinh 1.a). Tac gia Nguyén Anh Tuén, Pham
Hong Phuc [2] cong bb két qua nghién clru vé
didu khlen phan hoi vi tri kich hoat tinh tién cho
co céu chdp hanh tinh tién (Linear actuator).
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Nhom tac gia sir dung két hop hiéu tmg tinh
dién va 4p dién (PZT) dé tao chuyén dong vi
budce (nm), hanh trinh 16n va luc day du dé didu
khién vi tri tuyén tinh. Viéc Gmg dung nguyén
1y diéu khién, truyén thong con dugc timg dung
trong nghién ctru khoa hoc ¢ linh vyc sinh hoc,
vat liéu. Tac gia Nguyen va cong sy [3] phat
trién hé thong bom vi luong chit long véi do
chinh xac 10 nl va d6 chinh xac bom Ia 0.3%.

Linh vyc Robot trén thé gi¢i dang phat
trién nhanh chéng véi nhiéu Gng dung. Trong
cong nghiép dién tir, nhu cau vé ung dung tur
dong hoa dang thu hit dugc sy quan tdm trong
cac doanh nghlep vira va nho (SME) thong qua
giai phap vé diéu khién va thi giac may tinh [4-
6]. T. Meressi [4] xay dung m6 hinh diéu khién
cho robot gantry 3DOF 4p dung k¥ thuat diéu
khién truot (Sliding Mode). Ung dung ctia robot
gantry con dugc nang cap trong linh vuc y sinh,
hoa hoc va vat liéu dé cung cdp giai phap bom
chit 16ng siéu chinh x4c [5, 6] (hinh 1.b).

Mac du cac nghién clru trong va ngoai
nude da dat duoc nhidu két qua trong thiét ké
robot gantry va hé thdng diéu khién chinh xéc,
van ton tai mot s6 han ché dang cha y. Trude
hét, cac nghién ctru tai Viét Nam chu yeu tap
trung vao thiét ké va trién khai cac hé thong
robot phuc vu cic bai toan cu thé, nhung con
thiéu su tich hop dong bo giita mo hinh hoa,
mod phdng va thuc nghiém trén cung mot nén
tang. Trong khi do, cac nghién ctru qudc té da
phat trién cac phuong phap diéu khién va hiéu
chuan nang cao, tuy nhién, phan 1én tap trung
vao cac hé thong cé chi phi cao hoic yéu cau ha
tang phirc tap, gay kho khan cho viéc trién khai
trong cac moi trudng san xuit vira va nho.

Do d6, van con thiéu cac nghién ciu
phat trién mot hé thong robot gantry bom keo
c6 chi phi hop 1y, kha nang mé rong khong gian
lam vig¢c, tich hop mé hinh héa — mo6 phéng —
thuc nghiém va cho phép danh gid hiéu nang
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mot cach toan dién. Day chinh la khoang tréng
ma nghién cru nay hudng toi giai quyeét.

Hinh 1. (a) M6 hinh robot gantry dwoc phat trién
[1], (b) M6 hinh may bom vi lwong 5 truc [5]

3.POITUQNG VA PHAM VI NGHIEN CUU

Déi tugng nghién ciru 1a hé thong robot
gantry XYZ phuc vu cho bai todn bom chit 1ong
tu dong theo bién dang trong cong nghiép, dac
biét 12 bdi 16p phit mach (conformal coating) dé
bao vé linh kién va mach dién. Cu thé, nghien
clru tap trung vao cau tric co khi ctia hé thong
robot, bao gém cac truc chuyén dong tuyen
tinh sir dung co cdu truyén dong vit me bi két
hop v6i dong co servo nham dam bao d6 chinh
xac va dg cung vimg. Bén canh do, ddi tuong
nghién ciru con bao gdm mé hinh dong hoc cua
hé robot Descartes, phuong phap diéu khién
chuyén dong da truc str dung PLC cong nghiép
va module diéu khién vi tri, ciing nhu qué trinh
ndi suy quy dao dé thuc hién cac dudong quy
dao phurc tap. Thong qua do, nghién ctru hudng
dén viéc xdy dung mot mo hinh tich hop giita
thiét ké co khi, diéu khién va mo phong nham
phuc vu danh gia va t6i wu hoa hiéu ning cua
hé thdng tu dong. Cac phuong phap do thuc
nghiém dugc tién hanh nham danh gia do lap
lai, sai s bam quy dao va do 6n dinh cua hé
thong. Nghién ctru chua xem xét cac thudt toan
diéu khién nang cao, tdi wu quy dao, ciing nhu
chua tich hop cac cong nghé nhu thi gidc may
va tri tué nhan tao.

Muc ti€u cua nghién ctru 1a thiet ke, ché

tao va xdy dung hé thdng robot gantry XYZ &
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phuc vu bai toan diéu khién dau phun/bom
tu dong theo quy dao 2D, dam bao dg chinh
x4c va do 6n dinh trong van hanh. Nghién ctru
hudng t61 viéc xay dung mo hinh dong hoc va
mo phong trén nén tang MATLAB/Simscape,
ddng thoi phat trién hé diéu khién st dung PLC
dé thuc hién diéu khién chuyén dong da truc va
noi suy quy dao. Bén canh do, dé tai tap trung
danh gia hiéu nang hé thng théng qua cac bai
do co khi chinh x4c, nhdm 1am co s& cho cac
ing dung trong cong nghiép va phat trlen cac
hé théng co6 ciu triic twong tu trong thuc té.

4. KET QUA VA THAO LUAN
4.1. M6 hinh hoa

Céc san pham/giai phap tuong tu trén
thi trudng hién nay thudng dya trén ciu tric
cac truc tuyén tinh — hay con goi 1a robot
gantry. Robot dang gantry c6 mod hinh dong hoc
tuong dbi don gian do cau truc chi bao gom cac
chuyén dong tinh tién va khong chira cac khop
quay. Trong nghién cuou nay, phuong phéap
Denavit-Hartenberg (D-H) duoc 4p dung dé
xdy dung va phan tich mé hinh dong hoc thuan
va dong hoc nguogc cua hé théng. Dua trén
cac tham sb thu duge, mé hinh 3D cua robot
dugc xay dung va tich hgp vao méi truong
MATLAB Simscape nham phuc vu md phong
chuyén dong. Mot quy dao dién hinh duoc thiét
lap dé danh gia hé thong 1a chuyén dong cua
diém cudi theo bién dang hinh chit nhat, nhu
thé hién trong Hinh 2.

- P e =
M hinh Matlab
——aayl
Qui dgo didm cadi

- -

Viin tibc ciia cic bién — - -
Khip - -

4 Ald hink 3D

Hinh 2. (a) M6 hinh robot theo quy tic D-H, (b)

Mo hinh bai todan dong luc hoc

4.2. M6 hinh diéu khién

Hé théng diéu khién duoc thiét lap
dua trén sy phdi hop cta ba thanh phan
c¢bt 18i: (1) Bo diéu khién trung tdm - PLC
Mitsubishi Q-series, (2) Module diéu khién
vi tri (QD75D4), va (3) Co ciu chip hanh.
Moi quan hé giita cac thanh phan duoc mo ta
tai hinh 3. Trong do, module diéu khién vi tri
QD75D4 cho phép trién khai diéu khién vi tri/
téc do/van toc thong qua cdu hinh chuan phat
xung. Dé dap tng yéu cau di chuyén theo cac
quy dao hinh hoc phuc tap trong khong gian,
hé thong str dung chire nang diéu khién noi suy.
Chtrc nang nay cho phép module QD75D4 xuét
xung dong bo ra nhidu tryc cung luc. Co ché
hoat dong dua trén viéc phan dinh mot “truc
tham chiéu” (reference axis) va cac “truc noi
suy” (interpolation axis) chay bam theo. Tdc do
van hanh c6 thé duge chi dinh theo tdc do téng
hop vector (composite speed) cua toan quy dao
hodc ap dat theo tdc do cua truc tham chiéu.

SO'DO HE THONG VAN HANH DUA TREN SU PHOI HOP CUA BA THANH PHAN COT LOI

| |

Tin higu
i = § | | Pe-

1. Bj ditu khién trung tim 2. Module diéu khién 3. Thiét bj chdp hinh
(PLC Mitsubishi dong Q) Lénh, dinh vi (QD75D4) “hudi xung| (Servo Drive & Motor)
ST Tinhigy, |, : Jenh  fo Nhin chudi xung tir QD75D4 and
+ Déng vai trd 14 b ndo lwu La thiét bj chuyén dyng d g
irstham sb, dirTudinhvi | "TA | b lénh i PLC. Pube Tain)  chuyén 0 thinh chuyén dong co hoc.

4 . Bi & * H theo co ché vong kin
vi chuomg trinh (sequence Tao ra chubi xung lénh (c“':'”‘?:‘;p} g

). (pulse train) giri dén Servo.
o Thoe i i dycghl 1 g i kit 1 da 4
ligu. rye déc lip. .
o Gt fin hisy khad * Sirdyng hé thong ngd ra vi
G i hiu khoi dong (stant sai (differential driver) chéng
signal), tin higu dimg. ohiy, Khodng cich kn dén + Chudi xu glhnhduvc\w‘d b9 dbm

+ Gifm st trang thii hogt djng 10mét MJ;:SM\MM counter) tgo tin hidu
cia module dinh vi. o The g phit xung 16 dadt 1 B

Mpps (1én 161 4 Mpps doi vii

dong ning cap QDTSD4N). * He théng dimg chinh xic tai toa 46 e
tidu khi b dém giim vE 0,

Hinh 3. Nguyén Iy hoat dong ciia hé thong diéu khién

Hé thdéng duoc lap trinh dé diéu khién
ndi suy theo cac quy dao chinh nhu: (1) ndi suy
duong thiang (Linear Interpolation Control): 4
truc cung lac; (2) ndi suy hinh tron/cung tron
(Circular Interpolation Control): phdi hop 2
truc dé vé& bién dang 2D hinh tron/cung tron
(Hinh 3).
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Hinh 4. Quy trinh diéu khién ngi suy theo quy dao
2D

4.3. H¢ thong diéu khién

Hé théng tu dién duogc thiét ké va lap
dit hoan chinh, dap ing yéu cau van hanh thuc
té (Hinh 5) va tuan thu cic tiéu chuin cong
nghiép nhu I[EC 60204-1, IEC 61439 va ISO
12100. Day dan duoc bd tri theo quy udc mau,
thiét bi duoc danh sb rd rang theo so dd dau
nbi. Tu dién duoc tich hop cac giai phap bao
v€ va phan vung churc nang hop 1y, ddm bao an
toan, do tin cay va thuan tién trong van hanh.
PLC Mitsubishi Q-Series dong vai tro diéu
khién trung tAm ctia hé thong.

e 3

== T e [ | — p——
Hinh 5. So do hé thong dién

4.4. Ché tao va danh gia sai léch diéu khién
va m6 hinh mo6 phéng

Két cAu co khi cta robot duge ché tao
bang phuong phap gia cong CNC voi vat lidu
nhém A6061 nhim dam bao do cung viing va
d6 chinh xac gia cong. San pham sau khi hoan
thién va lép rap duoc mo ta tai Hinh 6. H¢ théng
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duoc tién hanh thir nghiém diéu khién thuc
té, bam theo cac quy dao ctia mach PCB thu
nghiém. Két qua cho thay quy dao chuyén dong
va hanh vi cta hé thong trong thuc nghiém co
su phu hop cao vdi mo hinh moé phong, chiing
minh tinh ding din cta phuong phap mo hinh
hoa va thiét ké. Sai s dinh vi cua robot duge
xac dinh trong khoang +0.5 mm trong mat
phang, cho thay hé thong dat dugc do chinh
xé4c cao va dap Gmg t6t yéu cau cua cac bai toan
chuyén dong theo quy dao phing. Video demo
két qua c6 thé xem tai [7].

Hinh 6. M6 hinh ché tao va thir nghiém diéu khién vi
tri thue hién yéu cau diéeu khién noi suy mdt phang

4.5. Ché tao va danh gia sai léch

Do chinh xac diéu khién cua robot duge
danh gia thong qua phuong phap thuc nghiém.
Mot dong hd so Mitutoyo véi do phan giai 10
um duge sir dung dé do sai léch phép do diéu
khién. Robot duoc 1ap trinh thyc hi¢n l1ap lai 10
lan ciing mot quy dao nham danh gia d6 lap lai
ctia hé théng. Sai léch vi tri trong mdi 1an thuc
hién dugc ghi nhan va phan tich dé xac dinh
mirc d¢ chinh xac (Hinh 7).

’<‘1 3 .;;I | .
Hinh 7. Hinh anh mé ta quy trinh do tai 3 diém

xdc dinh sai léch vi tri vuéng goc
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Mot khdi can chuan dugc gia cong
chinh x4c bang phuong phip CNC véi kich
thudc 200 x 200 duoc sir dung dé do do léch
cuc dai AY s Thuc hién quy trinh ra ‘fé lay
vi tri tai 10 diém doc theo canh X cua khoi can
tham chiéu, hé thong duoc van hanh chay doc

theo truc Y dé ghi nhan sai léch goc giira hai
truc toa do. Két qua do luong nay phan anh do
chinh xac ctia qua trinh lip rap khung co khi.
Goc 1éch duoc tinh tu ty 1€ AY/L. B léch cuc
dai AY _ do dugc 170 um va goc Iéch vudng
gbc dat 0.049° (Bang 1).

Bang 1. Gia tri do sai $6 Vi tri

ST ey ruey (Y iy | TIEAVY GO EE RS
1 20 0.01 0.0005 0.029
2 40 0.03 0.00075 0.043
3 60 0.05 0.00083 0.048
4 80 0.06 0.00075 0.043
5 100 0.08 0.0008 0.046
6 120 0.1 0.00083 0.048
7 140 0.12 0.00086 0.049
8 160 0.13 0.00081 0.047
9 180 0.15 0.00083 0.048
10 200 0.17 0.00085 0.049
5. KET LUAN chinh xac. Két qua thuc nghiém cho thiy hé

Nghién ctru da trinh bay qua trinh thiét
ké, mo phéng, ché tao va danh gia mot hé théng
robot gantry XYZ phuc vu cho iing dung bom
keo va phu 16p bao vé mach dién tur trong cong
nghiép. Hé thdng duoc xay dung dua trén mo
hinh dong hoc cua robot Descartes, két hop
véi md phong trong moéi truong MATLAB
Simscape nhim kiém chimg hanh vi chuyén
dong trude khi trién khai thuc té. Cau trac
co khi sit dung co céu truyén dong vit me
bi két hop véi dong co servo di dam bao do
cung viing va do on dinh trong qua trinh van
hanh, trong khi hé diéu khién PLC Mitsubishi
Q-series cho phép thuc hién diéu khién chuyén
dong da truc véi kha nang ndi suy quy dao

théng dat dugc d6 1ap lai vi tri khoang 10 pm,
sai s6 goc giita cac truc nho (<0.049°) va sai sd
bam quy dao nam trong gidi han cho phép ddi
vé6i cac tmg dung cong nghiép yéu cau do chinh
xéc cao. Sy twong dong gitra két qua mo phong
va thuc nghiém khang dinh tinh dung dén cua
mo hinh va phuong phap thiét ké. Tuy nhién,
nghién ctru hién tai chua xem xét cac yéu tb
nhu sai sb dong luc hoc, t6i wu hoa quy dao va
cac thuat toan diéu khién ning cao. Trong cic
nghién ctru tiép theo, nhom tac gia dinh huéng
phat trién cac phuong phap diéu khién thong
minh, tich hop thi gidc may va tri tu¢ nhan tao
nham nang cao hon nita d6 chinh xac, kha nang
thich ¢mg va hiéu qua van hanh cua hé thong
trong cac moi truong san xut thuc té. <
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