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TOM TAT

Bai bdo trinh bay mot phuong phap maéi trong mo hinh héa va moé phdng thuc do st
dung cong cu Simscape Multibody/Matlab cho co cdu robot song song dong truc dang
hinh cau. Cac budc thiét 14p mo hinh mé phong, nhdp mé hinh CAD SolidWorks cua
robot, md hinh robot két néi giao tiép diéu khién thuc do v6i Matlab thong qua cong cu
Simscape Multibody dugc trinh bay chi tiét trong bai bao. Két qua mé phong va thuc
nghiém chimg minh chuyén dong cua co ciu robot song song dong truc dang hinh cau
thuc té hoat dong dong bd v6i moé hinh mé phong, mé ra hudng nghién ctru méi trong mod
phong thoi gian thyuc cho cac hé co cdu song song dong truc phic tap.

Tir khéa: Co ciu song song dong truc dang hinh ciu, mod phong thuc 40, mé hinh hé
thdng robot, Simscape multibody/Matlab.

ABSTRACT

This paper presents a novel method for modeling and digital twin simulation using
Simscape Multibody/Matlab tools for a coaxial spherical parallel mechanism robot.
The steps for setting up the simulation model, importing the SolidWorks CAD model of
the robot, and establishing the virtual control interface between Matlab and the robot
model through Simscape Multibody tool are detailed in the paper. The simulation and
experimental results demonstrate that the motion of the coaxial spherical parallel
mechanism robot operates synchronously with the simulation model, opening up new
avenues for digital twin simulation research for complex parallel mechanism systems.

Keywords: Coaxial spherical paralled mechanism, Digital-twin, robot system
modeling, Simscape Multibody/Matlab.

1. GIOI THIEU mit nén thong qua hai hodc nhiéu khau
Co chu song song c6 kién triic cac [1]. Nho két cau song song, nén ching
khau dong hoc lién két v6i nhau theo thuong co kha nang chiu tai trong cao,
vong kin, trong d6 mit dé dwoc diéu nhanh, chac chan va chinh xéac hon so véi

khién chuyén dong, n6 dugc két ndi v61  cac co cau vong ho cung chirc nang nén

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 77




Joupnal ol( Science - \/ L U T E

duoc tng dung trong cac hé théng robot
gap tha d6i tuong, bd phan dinh hudng
va ¢ dinh d6i tuong, thiét bi theo ddi [2-
4]...Tuy nhién, ching con ton tai mot sb
khuyét diém nhu: khong gian 1am viéc
nho, d§ phuc tap cua chuyén dong, voi
nhirng nhugc diém nay lam cho viéc kiém
soat diéu khién hoat dong, mé phong co
cdu kho khian, dic biét 1a xac dinh vung
khong gian lam viéc.

Cong cu mo6 phong dugc s dung rong
rai trong cac nhi¢m vu mo hinh dong hoc
va dong luc hoc robot, dung dé t6i wu hoa
chuyén dong, uéc luong khong gian 1lam
viée, va x4c dinh chién lugc diéu khién,
cac cong cu mod phong phd bién nhu 1a
Gazebo [5] dugc phat trién boi Open
Source Robottics Foundation va duogc
st dung trong cudc thi DARPA Robotics
Challenge [6]. Cong cu m6 phong robot
mi nguén mo& phd bién khac 1a Webots
[7] dugc phat trién boi Cyberbotics Ltd
chit yéu dé mo phong robot di dong...
Trong d6 mo6 phong thuc 4o (Digital-
twin) 1a mot linh vuc dugce lién tuc quan
tam trong nhiéu nganh cong nghiép, co
nhiéu nghién ctru vé phuong phap nay
da dugc cong bd, trong d6 c6 mot sd bai
danh gia nhu [8],[9]. M6 phdéng thuc do
dé cap dén ban sao ao hoic mo hinh cua
bat ky thuc thé vat 1y nao ca hai déu duoc
két ndi thong qua trao doi dir liéu trong
thoi gian thue [10]. Ung dung ctia mo
phong thuc a0 bao gdm: giam sat thoi
gian thuc, thiét ké, 1ap ké hoach, téi uu
hoa, bao tri, truy cap tu xa, [11-13] v.v.
Tuy nhién, hau hét cac nghién ctru tap
trung vao cac hoat dong diy chuyén san
xuat, chua xem xét cy thé vé anh hudng
cuia tic dong mo hinh 1y thuyét dong hoc,
dong luc hoc cia hé théng dén hoat dong
ctia d6i tuong méd phong.
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Trong bai bdo nay, nhom nghién ctru
trinh bay phuong phap mé hinh hda va
mo phong thuc 4o cho co ciu robot song
song dang hinh ciu dong tryc. Pay 1a mot
truong hop dac biét cia mot robot song
song hinh ciu c6 3 bac tu do, co kha
ning xoay vo han quanh bat ky truc nao
trong khong gian lam viéc cua nd. Do
c6 kha nang nhanh chong tao ra cac mo
hinh cua cac hé thong vat 1y trong méi
truong Simulink, nén cong cu Simscape
Multibody dugc chon lam coéng cu xay
dung hé thong hd tro twong tac mé phong.
Két qua cta nghién ciru nay 1a nén tang
cho viéc phat trién thuat toan diéu khién
chuyén dong cho robot song song. Hon
nita, phuong phap dugc trinh bay trong
bai bdo nay co thé duoc ap dung vao viéc
mo hinh hoa cac co cu robot song song
chuyén dong phtrc tap khac.

2. MO HINH PONG HQC

Phan tich chuyén dong cua co ciu song
song dang hinh cu bit ngudn tir chuyén
dong chung ciia co cau robot song song
dugc cong bd trong cic nghién ctru trong
[14-17]. Mat dé trén cua co cau duogc goi
1a mit phang di dong (hay mit phing lam
viéc), duoc két ndi véi mit dé c¢d dinh
thong qua 3 chin cach déu nhau duoc danh
s6 1an luot i = 1, 2, 3 theo hudéng nguoc
chiéu kim dong hd, va mdi chan gém hai
khau lién két c6 hinh dang cong: khau dui
va khau trén va goc o, a, dai di¢n cho do
cong cua hai khdp nay. Truc cia cac khop
mat dé ¢ dinh, cac khau trung gian va mat
dé di dong cit nhau tai tAm quay va duogc
xac dinh 1an luot boi cac vector don vi u,
w,va v, cO hudng tir trung tdm quay theo
hudéng cac khdp tuong ing.
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Hinh 1a. Hé toa dé trong robot

Hé toa do tuan theo quy tic ban tay
phai voi géc toa d¢ la tam quay dugc thé
hién nhu hinh 1a. Tryc z c6 phuong vudng
goc v6i mit dé c6 chiéu hudng 1én trén
theo tAm cua truc xoay dong truc co ciu,
trong khi truc x dugc tao thanh boi truc z
va mit phang thang dimg duoc tao thanh
boi khau dudi khi robot ¢ vi tri goc, truc 'y
dugc xac dinh theo quy tic ban tay phai.
Goc B thé hién su nghiéng cia cac khép \2
trén mat phang di dong so véi truc z. Vi tri
gdc clia co cau robot song song dugc chon
sao cho ba khau dudi cach nhau mot gc')c
120°. Trong truong hop nay mat phang
lam viéc ndm ngang, vudng géc va nim
bén phia phan dwong cia truc z. Pau vao
ctia cac vi tri khép bao gdm vector 0 = [0,
0,; 0,]" dugc do tr cac mat phing duoc
xac dinh boi truc z va cac vector don vi
w, v6i i = 1;2; 3 tai cdu hinh ban dau dén
cac miat phing cua cac lién két gan nhit
cua cac chan tuong tng voi hudng kim
dong ho 1a chiéu duong nhu duge minh
hoa trong hinh 1b. O cdu hinh ban dau,
vector cua cac vi tri khdp dugce dat thanh
0 = [0; 0; 0]". Sau khi m6 hinh hinh hoc
cua canh tay may da duogc xdc dinh, mo
hinh dong hoc ciia né c6 thé dugc suy ra
voi tat ca cac mdi quan h¢ toan hoc gilia
khong gian Descartes va khong gian khop.
Trong [18], dd duoc chi ra rang loai co cdu
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Hinh 1b. Chiéu duong ciia cdc khép diéu khién
nay c6 8 phuong phap giai cac bai toan
dong hoc chuyén tiép va 8 phuong phap
giai quyét cac bai toan dong hoc nghich.
Nhitng phuong phap nay da duoc phan
tich boi cac nghién ctru trong cac truong
hop ciia SPM dong truc [19].

3. XAY DUNG MO HINH MO
PHONG

Mo phong thyc 4o dugc xiy dung dé
kiém tra hiéu suét cua hé théng diéu khién,
cho phép phat trién cac Gmg dung phirc tap
két hop giita phan thyc v6i thanh phan o
trong qua trinh diéu khién. Thong thudng,
trong mo6 phong thyc o, thanh phan thuc
1a cac bo phan can diéu khién, thanh phan
40 1a cac bo diéu khién va ching c6 mbi
lién hé vat ly véinhau. B diéu khién duoc
két ndi voi mé hinh théng qua cac chuin
truyén thong. Trong nghién ctru nay, mo
phong thuc 4o dugc xay dung nhu hinh 2,
bao gém ba thanh phan chinh: may chu,
thiét bi tg, va phén cung thuc té.

May chu: 1a may tinh da dugc cai dat
phan mém thiét ké cokhi SolidWork, Matlab/
simscape multibody, Real-time workshop,
C/C++ compiler. Simscape multibody cho
phép tham s6 hoa cac md hinh thuc té bang
cac bién va biéu thic trong Matlab, gitp
thiét ké, thay d6i hé thong d& dang trong moi
truong Matlab/simulink.
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My tinh
Matlab/Simcape multibody
C/C++ compiler,

Realtime kernel, inventor

I Ethernet

STM32F4
(Core: Arm-cortex-M4,
ADC,DAC,PWM..)

Tin hiéu
diéu khién

Cam bién
gia toc

Hinh 2. Cdc thanh phdn chinh ciia mé phéng

SZRATE,

down1 joint1 upl Joint4

_}B f F_ﬂ»e '
down3 join3 up3 join6

CAD/SolidWork

Matlab/Simscape Multibody
Hinh 3. Mé hinh CAD va simulink

Ta c6 thé tich hop hé théng thuy luc,
dién, khi nén va ca hé thong vat 1y khac
vao mé hinh dang xay dung bang cac khbi
c6 trong thy vién. Thiét bi t6: 1a board vi
diéu khién STM32F4 thu thap tin hiéu tir
cam bién gia toc va truyén thong véi may

Properties

= 7 Revolute Primitive (Rz)

State Targets
—B { [+/Internal Mechanics
F

[+ Limits
g i
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tinh cht qua chuan truyén ethernet. Phan
ctg thuc té: 13 co cdu co khi sau bac tu
do, tich hop cam bién gia tdc, cho phép
do duoc sau thong s thay dbi cua vt thé
trong khong gian.

Mo hinh CAD dugc thiét ké bang phan
mém Solidwork véi kich thuée, vat ligu va
cau trac duoc thyc hién giéng voi mo hinh
thuc té. Simscape multibody hd trg bién
dich cac chi tiét sau khi thiét ké, lap rap
thanh file c6 dinh dang (.xml) twong ing, sau
d6 dugc mo bang Matlab/simulink. Trong
moi truong simulink, thu vién Simscape hd
trg nhiéu khéi khac nhau, trong d6 ¢ cac
khéi co ban: Rotational mé ta khop xoay
ctia robot, kh6i body mo ta cac khau, khbi
frame tuong ung voi hé toa dd cua robot
(hinh 3). Ttr cac khdi Simulink nay, cho
phép ta thay ddi cac thong sb vat 1y cua
chi tiét gidng thuc té& nhu: kich thuéc, khdi
lugng, momen quan tinh...

Trong khdi Rotational ta c6 thé cai dt
cac gid tri cho khdp nhu: goéc, van tde gdc,
gia tc gbc, momen. .. Ngoai ra, thudc tinh
sensing con cho phép ta do nguoc lai céc
gia tri do.

Properties

e World

B',’?_{ F

Transform1

w

[+ Actuation
Rotational1 [tSensing
Composite Force/Torque Sensing

= Acceleration

k:R BAZ) F~<z>
F

ReferenceFrame

Transform

Hinh 4. Thuéc tinh cia cdc khéi trong Simscape

Khdi Transform thuong dugc lién két
v6i khéi body (hinh 4), va dugc hiéu nhu
mot hé toa do gén lén mot khau cua robot,
néu truy cép vao thudc tinh cua khdi nay, ta
c6 thé do duoc cac thong sé vat 1y ctia khau
nhu: d6 dich chuyén tinh tién, cac goc quay
roll-pitch-yaw...

[Httpserver Setup] ﬂ,
Port: 80 DA/SCL Pin: B7,
Web-SQlLite: Disable = e
Web-IAP: Disable Delay time: 100 uSec
Ts (sec): -1

Host
Action  [Hitp POST]
Content 18 (sec): -1

R
Timeout(sec) esponse

Hinh 5: Chuong trinh board STM32F4
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Tin hiéu diéu’
khién va héi tép

Ethernet

Hinh 6: M6 hinh thuc nghiém

Cam bién
goc nghiéng

Mo hinh )
robot thurc té

ISSN 261 5-9945

4. KET QUA THU'C NGHIEM

Mo hinh thyc nghiém bao gom 3 thanh
phan: may tinh, board diéu khién va mo
hinh robot song song thyc té dugc mé ta
trong hinh 7. Dé kiém tra dép Gng cta hé
thong, bo diéu khién truyén tin hiéu thay
ddi cac goc quay cac khdp, dong thoi truyén
tin hiéu tir cam bién gia toc duogc gan trén
mit dé dén phﬁn mém Matlab, phén mém
mo phong Simulink/Matlab nhan tin hi¢u
tir board diéu khién dong thoi so sanh véi
tin hiéu do dugc tir mo6 hinh mé phong.

May tinh mé
phong

Board
diéu khién

Hinh 7. Mé hinh thuc nghiém thuc té

: —Reai Sensor Roll Angle’|
--+-Simulink Roll Angle

o] 0.01 0.02 O 0.05 0.07 0.08

x102

.03 0.04
Time(s)

0 b

—Real Sensor Roll Angle
----Simulink Roll Angle

5t

10

Angles(rad)

-15

i
0045 0.05 0055 0.06 0065 0.07 0075 0.08x10°

Time(s)

Hinh 8. Géc roll cam bién gia téc thuc té va ddp tng goc roll cia tin hiéu robot tir mé phéng

Hinh 8 mé ta dap ing goc roll cua robot
s0 véi tin hiu goc roll 1ay truc tiép tir cam
bién gia tdc, ta thdy robot chuyén dong bam
sat vai tin hiéu thuc té, sai sb 16n nhat chi
Xy ra & cac thoi diém c6 van toc goc doi
dau. Chuyén dong xoay ba goc roll-pitch-
yaw ctia robot khi nhan tin hiéu tir cm bién
gia toc duoc thé hién ¢ do thi hinh 9.

20

e Yaw |

—Pitch

- | Roll

-20 L 1 1 5

0 0.02 0.04 0.06 0.08 0.1 0.12 x10
Time(s)

Hinh 9. Chuyén déng xoay
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5. KET LUAN

Trong bai bao nay, nhdm nghién ctu
da xay dung thanh cong mdé hinh mo
phong thuc 4o cho co cdu robot song song
dang hinh cau. Hoat dong ctia robot dugc
thtr nghiém voi sy thay doi cac goc xoay 3
khop, voi goc nghiéng dugce do tir cong cu
mo phong va cam bién gia tdc thuc té dugc
lap dat trén mat phang lam viéc cua robot
dong thoi két qua cho thay hoat dong dong
bo tir md hinh thyc té v6i mod hinh mo
phong. Trong twong lai, nhdm nghién ctru
du dinh phat trién va thir nghiém tiép mo
phong diéu khién huéng dya trén nhiing
mo6 hinh dong hoc, dong luc hoc da duoc
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x4y dung trude va kiém tra d6 cing vitng  hon trong linh vuc xay dung cac hé thong
cua co cau khi chuyén dong. Mot y tuong  tuong tac thuc 4o doi hoéi do chinh xac va
khac 1a tién dé cho cac nghién ctiu cao tin cdy cao nhu 6 td, tén Itra, tau ngam.
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