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Nghién citu trinh bay vé viéc mé hinh héa va mé phong diéu
khién robot song song delta ba bdc tw do dua trén cong cu
Simscape Multibody. Bai toan dong hoc nguoc ciing dwgc trinh
bay dia trén phwong phdp hinh hoc, cdc két qua dugc kzem
chitng bang mé phong va thuc nghiém khi khdu chap hanh cuéi
ciia robot hoat déng theo qui dao hinh tron. Két qua mé phong
cho thay dap vmg vi tri cdc khdp ciia robot ¢é thoi gian xdc lap

khong ding ké, khong xudt hién dao déng va sai so xdc ldp rat

Tie khoa:

Delta robot, dong hoc, mo
hinh hoa, simscape multibody

nho (0,04 do), quy dao thuc té bam tot so véi qui dao dat. Ngodi
ra, quy dao khdu cuoi cua robot da thuc hién {6t qyﬁ dao hinh
tron khi thuc nghiém. M6 hinh hoan toan co thé trién khai trong

hoc tdp va giang day.

1. PAT VAN PE

Robot delta ba bac tu do 1a loai robot song
song c6 pham vi st dung kha rong trong cac
nganh cong nghiép nhu in 3D, robot gap thude
trong cic nha may san xut thudc, robot delta
dugc st dung rong rai nho vao co cAu manh mé,
nhanh va chinh xac hon so véi cac loai robot
cong nghiép khac, chung co thé ning va di
chuyén vat trong vai gidy véi do chinh xac rat
cao (Lopez, 2006; Thanh, 2022). Bai toan mo
hinh hoa, mé phéng va diéu khién robot 1a mot
viéc rat can thiét trong qua trinh nghién ctru vé
viéc van hanh robot. Siwek va cong su (2019) da
trinh bay qua trinh tmg budc mo hinh hoa va
phan tich chuyén dong cta nhém robot di dong
phan tin bang cich sir dung méi truong
Simscape Multibody trén phin mém MATLARB.
Bai bao cua Sen va cong su (2017) trinh bay
phuong phap mé hinh hoa va diéu khién robot
SCARA véi mé hinh robot dugc xiy dung bang

Solidworks va xudt sang moi trudng
MATLAB/SimMechanics dé diéu khién. Nghién
ciu cia Nawawi (2022) da st dung cong cu
Simscape Multibody d¢é mé hinh hoéa va diéu
khién robot di dong. Nghién ctru ctia Alizadeh va
dong nghiép (2023) da sir dung diéu khién truot
dé diéu khién robot theo quy dao. Trong nghién
ctru ndy, nhom tac gia da két hop phan mém thiét
ké Solidworks v6i méi truong mé phong
Simscape Multibody dé thuc hién mé phong va
diéu khién robot. Cac cong trinh nghién ctru trén
da thanh cong trong viéc mé hinh hoa va diéu
khién cac loai robot khac nhau. Tuy nhién, cac
cong bd nay chi dimg lai ¢ bai toan mo phong,
chua thyc nghiém dé kiém chimng.

Trong bai bao nay, tac gia sir dung phan mém
Autodesk Inventor dé thiét ké mo hinh 3D cho
robot delta. Dé giai quyét bai toan mé hinh hoa,
md hinh da thiét ké duoc xudt sang moéi truong
Simscape Multibody trén phan mém MATLAB.
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Dua trén robot da dugc mc”)’h‘mh hc')g, tac gia tién
hanh xay dung b di€u khién va kiém ching bai
toan dong h()c thong qua thuf: nghiém, nham bc}
sung va khac phuc nhugc diém cia cac cong bo
trude do.

2. PHUONG PHAP NGHIEN CUU

2.1. bong hoc ngugc robot delta

Giai bai toan dong hoc ngugc la bét budc
trong bai toan phan tich chuyén dong cua
robot, phuwong phap dé xuat dé giai quyét bai
toan nay cho robot dang song song nay 1a st
dung phuong phép hinh hoc.

Bai toan dong hoc ngugc cua robot song
song Delta 1a can xac dinh gia tri ciia ba goc
0,0,,6, khi di biét dugc toa do tim
E(x,, yo,zo)cﬁa tam di dong voi tam hé toa
do goc O (0, 0, 0) 1a tdm cua tam co dinh. HE
toa do cua robot dugc dat nhu Hinh 1, véi £ 1a
canh tam giac cua tam c6 dinh, e 1a canh tam
giac cua tam di dong, rrla chiéu dai cua khau
trung gian va r, 1a chiéu dai cua khau hinh
binh hanh, khi d6 toa d§ z, dat tai tam cua b¢
di dong s& ludn ludén am vi vay vung hoat
dong ctia robot ludn quay xudng dudi.

vr
Hinh 1. Cic thong s6 co ban ciia robot delta
Nguon: Do et al., (2021).

Do dic tinh thiét ké cua robot nén mdi
khau trung gian cua robot chi c¢6 thé xoay
trong mat phang YZ tao thanh mot duong tron
nhu Hinh 2 v6i tam tai khép F; va ban kinh 7.

Mit khac, khau hinh binh hanh EJ, c6
thé xoay tu do tao thanh hinh cu co6 tam tai

khop E; va co ban kinh bang chiéu dai khau
r, nhu trong Hinh 2. Khi d6 mat phang giao
ctia hinh cau nay v6i mit phiang YZ 1a mot
duong tron ¢6 tam tai E, va c6 ban kinh bing
chiéu dai doan EJ,, v6i E, 1a hinh chiéu cua
E 1én mit phang YZ.

Hinh 2. Minh hoa chuyén dong cua cac khiu

Nguon: Do et al., (2021)

Song, hai duong tron tdm E, ban kinh

E.J, va duong tron tam F, ban kinh 7 cit

nhau tai mot diém nhu Hinh 3, diém d6 chinh
la J1(0=yj1azjl)~

i \ Elx;:y,:2)

o2 €/2-1an(30) £,

Hinh 3. Hinh chiéu trén mit phing YZ
Nguon: Do et al., (2021)

Khi c6 toa d6 cua diém J,;, dé dang
xac dinh:

6, = arctan (LJ (1)
Y1~ Vn
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Sau khi co duoc két qua o, tién hanh
xoay hé truc toa do goc quanh truc Z mot goc
120° nguoc chiéu kim dong hd. Khi do, s& co
toa d6 tAm mdi cua tAm cd dinh va béng cach
tinh twong ty nhu khop thir nhat, ta c6 gia tri
cua khdp thtr hai dugc xéac dinh nhu (2).

0, = arctan [#j )
Y2 = V2

Thyc hién phuong phap trén mot lan nita,
gia tri cua khop thu ba dugce xac dinh nhu (3).

6, = arctan [LJ 3)
Yrs =V

2.2. M6 hinh héa va diéu khién robot

Dé mo hinh hoa robot song song delta, tac
gia tién hanh thiét ké robot v4i ciu triic nhu
Hinh 1 dya trén phan mém Autodesk
Inventor, st dung cac thong sd co ban cia
robot nhu: khoang cach tir tim robot dén truc
dong co la 100 mm, canh tam giac cta tam di
dong e = 40 mm, chiéu dai cua khau trung
gian 7, = 140 mm va chiéu dai cia khau hinh
binh hanh r, = 250 mm, m6 hinh robot sau khi
thiét ké dugc thé hién nhu Hinh 4.

Hinh 4. Robot delta dugc thiét ké trén
Autodesk Inventor
Nguon: Cong bo cua tac gia, (2024).

Sau khi c6 md hinh 3D cua robot, tién
hanh moé hinh hoéa robot bing cbéng cu
Simscape Multibody. Két qua mo6 hinh hoa
robot delta dugc xay dung nhu Hinh 5, véi
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ba khdép “Revolute” chinh la ba khdp xoay
cta robot.

Hinh 5. M6 hinh héa robot delta trong
Simscape Multibody

Nguon: Céng bé ciia tic gid, (2024).

Tién hanh mé phong diéu khién robot véi
bd diéu khién PID (Proportional Integral
Derivative) kinh dién bang cach dit ba bo
diéu khién cho ba khdp xoay cua robot, voi
cau trac diéu khién nhu Hinh 6. Trong bai bao
nay, tac gia da lya chon cac tham s cua bd
diéu khién PID dua trén phuong phap thir-sai,
tur do xac dinh cac gia tri phu hop 1a Kp = 2.5,
K; =500, Kp=10.00065.

0,

Robot 0,
Delta

Hinh 6. CAu tric diéu khién robot
Nguon: Céng bé ciia tic gid, (2024).

Khi thyc hién m6 phong chuyén dong
clia robot, mdt cira s6 ao (Hinh 7) thé hién
qué trinh di chuyén cua robot duoc sinh ra.
Tai day, c6 thé quan sat robot tuong tu nhu
robot thuc té hoat dong voi cac huong nhin
khac nhau.
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Hinh 7. Cira s6 quan sit robot hoat dong
Nguon: Cong bé cua tac gia, (2024).

2.3. X4y dung phén cimg ngoai ra, con co cac chi tiét hd trg khac. Véi
Dua trén thiét ké 3D, tién hanh xay dung cac mue dlc}l 1a chi kjem Achu:l}g hoat f“-’n{% Cl}a
chi tidt cua robot delta g6m cac thanh ph::in robot, khéng quan tam dén tai trong nén vét liu
chinh nhe: #m ¢b dinh @) Am di dong (b) dugce chon d€ gia cong 1a mica va nhya in 3D.
Khiu mmg’ gian (©) v 3 khau hinh binh hanh ( d)’ Céc chi tiét cua robot dugce thé hién nhu Hinh 8.

(b)

(d)

Hinh 8. CAc chi tiét chinh ciia robot delta
Nguon: Céng bé ciia tac gid, (2024).
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Do khong c6 yéu cau vé tai trong nén
dong co dugc st dung dé dan dong cho cac
khép 1a RC servo, cac dong co s€ nhén tin
hiéu gia tri cia cac khop dua trén board
Arduino Mega thong qua cong USB. So dd
két ndi gitta Arduino voi dong co duge thé
hién qua Hinh 9.

Hinh 9. So' d6 két ndi dong co
Nguon: Cong bo cua tac gia, (2024).

3. KET QUA VA THAO LUAN

3.1. Két qua mé phéng

Céc bo diéu khién PID da dugc xay dung
va diéu khién cac goc khdp cuia robot delta, voi
khau chip hanh cudi ctia robot di chuyén theo
quy dao hinh tron nhu hé phuong trinh (4).
Trong do6, khau cudi cua robot hoat dong chu
yéu trong mit phang XY va cao d6 z = -250 do
robot hudng xudng (nguoc chidu duong).

X = 50sin(2—”z+£j
5 2

y:50cos(2?7[l+%j 4)

z=-250

Cac két qua mo phong Hinh 10, Hinh 11 va
Hinh 12 cho thdy dap tng vi tri cac khop cia
robot c6 thdi gian xac 1ap khong dang ké, khong
xuét hién dao dong va khong co do vot 16.
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50 Actual signal
= = = :Reference signal

Theta 1 [Deg]

0 2 e G 8 10
Time [sec]
Hinh 10. Pap trng ngé ra goc khop thir nhat
Nguon: Cong bé cua tac gia, (2024).
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Hinh 11. Pap wng ngd ra goc khép thir hai
Nguoén: Céong bé cua tac gia, (2024).
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Hinh 12. Pap irng ngo ra goc khép thir ba
Nguoén: Céng bé ciia tic gid, (2024).

Hinh 13 trinh bay két qua mé phong khau
cudi cia robot di chuyén theo quy dao hinh
tron ¢6 ban kinh 50 mm. Két qua cho thay quy
dao cua khau cubi bam tét so v6i quy dao
mong mudn. Ngoai ra, sai sd cia cic goc
khop so véi tin hiéu dat 1a rat nho (khoang
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0,04 d9), diéu do6 dugc thé hién qua Hinh 14
véi céac Error 1, Error 2, Error 3 1an luot 1a sai
s6 clia cac khép 1, 2, 3.

Reference signal

60 = = :Actual signal

40

20

y [mm]

=40

=60

-60 =40 =20 ] 20 40 B0
% [mm]
Hinh 13. Pap {ig ngd ra ciia khiu cdng tac cudi
Nguon: Céng bé ciia tdc gid, (2024).
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Hinh 14. Sai s vi tri ciia cdc khép

Nguon: Cong bé ciia tac gid, (2024).

3.2. Két qua thwe nghiém

Mo hinh robot delta d@ dugc xay hoan
chinh nhu Hinh 15. Két qua cho thiy mo hinh
¢6 tinh thAm my cao, thao tic don gian va chi
phi ché tao thap. Hoan toan co thé ap dung
trong giang day va hoc tép.

Hinh 15. M6 hinh robot delta thyc té
Nguon: Cong bé cua tac gia, (2024).

Hinh 16 trinh bay két qua diéu khién khau
chap hanh cudi cua robot di chuyén theo quy
dao hinh tron, vdi gia tri goc quay cua dong
co RC servo c6 duge tur bai toan moé phong
(ngd ra cua cac goc khép s€ dugce giri tin hiéu
xudng dong co RC servo thong qua Arduino
Mega). Két qua cho thay quy dao hinh tron da
dugc thuc hién. Tuy nhién, do dong co RC
servo ¢ vi budc 16n nén qua trinh di chuyén
cua robot chua dugc muot, dan tGi quy dao
hinh tron chua dugc lién tuc nhu mé phong.

Hinh 16. Khau cudi robot di chuyén theo
hinh tron

Nguoén: Cong bé cua tac gia, (2024).
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4. KET LUAN

Trong bai bio nay, tic gia dé xuat mot
phuong phap dé mé hinh hoa va diéu khién
robot song song delta 1a st dung cong cu
Simscape Multibody, bén canh do, bd diéu
khién PID ciing dugc xay dung dé diéu khién
on dinh vi tri céac khép cua robot. Ngoai ra,
phan cimg ciing dwoc xdy dung dé kiém
ching bai toan dong hoc cua robot delta. Két
qua mo phong va thyc nghiém cho thdy khau
cudi robot da thuc hién dung quy dao mong
mudn. Hudng nghién ciru tiép theo 1a co thé
thay thé cac dong co ciia robot ¢ vi budc nhod
dé khac phuc hién twong rung, giat khi robot
hoat dong.
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MODELING AND CONTROL OF DELTA ROBOT BASED ON SIMSCAPE
MULTIBODY

ABSTRACT

This paper presents the modeling and simulation of three degree-of-freedom delta parallel robot
control based on the Simscape Multibody tool. The inverse kinematics problem is also presented based
on geometric methods and verified by simulation and experiment when the robot's actuator operates in a
circular trajectory. The simulation results show the robot's joint position response with negligible
settling time, absence of fluctuations, and a small steady-state error of 0.04 degrees, the actual trajectory
sticks well to the reference trajectory. In addition, the robot's final trajectory performs well in a circular
trajectory in the experiment. The model can be deployed in learning and teaching.

Keywords: Delta robot, kinematics, modeling, simscape multibody
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