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Tom tat

Mb hinh h6a va mé phéng 1a mét cdng viéc khdng
thé thiéu khi bt tay vao nghién cizu Robot. N6 cho
phép ching ta di bdo cac hién nrong cd thé xay
ra ciing nhie 161 wu héa cac thong sé thiét ké trueéc
khi thuc hién ché tgo. Trong bai bao nay, tac gid
sir dung phan mém NX 12.0 dé thiét ké mo hinh
3D cénh tay Robot 6 bdc tu do va nhdgp md hinh
nay sang MATLAB/Simulink théng qua cdng cu
Multibody dé tién hanh md phong bai todn déng
hoc nghich. Két qua mé phong cho thay si weu viét
Cua phwong phap nay so voi cac phwong phap
truyén thong trude day khi dong thoi tan dung
dwoc sirc manh thiét ké cua cac phan mém CAD
cung voi khd nang tinh todn mgnh mé cua
MATLAB.

Tw khoa: M& hinh héa, mé phfing, génh tay
Robot, dong hoc, dong luc hoc, dieu khién.
Abstract

Modeling and Simulation are essential activities
when it comes to studying Robot. This helps us
predict the phenomenon may occur and optimize
design parameters before the prototyping step. In
this paper, we use NX 12.0 to design a 3D six DoF
Robot arm and then import this model into
MATLAB/Simulink via Multibody tool to conduct
inverse kinematics simulation. The results show
the superior advantages of this method compared
with other conventional ways as it simultaneously
utilizes the design power of CAD softwares and
computational capacity of MATLAB.

Keywords: Modeling, simulation, arm Robot,
kinematics, dynamics, CAD, MATLAB, Multibody.

1. Gi¢i thiéu chung
1.1. M6 hinh héa va mé phéng

Céc phuong phap truyén théng ¢é mé hinh hoa va
mo phong Robot ¢6 thé chia thanh hai hudng co ban.
Hudng thir nhat 12 dya trén cac phan mém thiét ké
CAD [6] nhu SolidWorks, Inventor, Unigraphics
NX,... V&i lgi thé vé dd hoa, cach thic ndy cho phép
chlng ta md hinh hoa rat tryc quan va gidng véi cac
mau Robot that khi nhic dén cac yéu té nhu hinh dang,
kich thuéc hay mau sic. Hon thé nira, viéc md phong
hoat hinh (animation) cac chuyén dong ciia Robot
bang cac cong cu CAD ciing rat hiéu qua. Tuy nhién,
do day la cac phan mém dd hoa nén kha ning 1ap trinh
va tinh toan cua chidng rat han ché, khéng co loi thé
trong viéc ap dung céc thuat toan md phong chuyén
sau nhu dong luc hoc, diéu khién hay ti uu hoa thiét
ké. Huang thir hai 12 sir dung cac phan mém tinh toan
[11, [5], [7] nhu MATLAB, Maple, Visual studio
C/C++,... Bdi véi phuong phép nay, viéc md hinh héa
va md phong duoc thuc hién thong qua cac phuong
trinh va tham sé hé thong dwa trén cac dinh luat vat ly
va co hoc. Nguoi thiét ké phai ty xay dung co so dir
liéu, thuat todn va cach thuc lap trinh dé dat dugc két
qua md phong mong mudn. Do tu xay dung mé hinh
nén ngudi 1ap trinh ¢é thé tu thyuc hién cac mé phong
chuyén séu tuy theo nang lyc phan tich cia minh dya
trén sy hd tro tinh toan cia phan mém. Tuy nhién,
diém yéu cia phuong phap nay 1 kém truc quan do
thiéu vang md hinh 3D boi cac phan mém tinh toén
khong c6 kha nang thiét ké nhu cac phan mém CAD.
1.2. M6 phéng két hgp MATLAB va phan mém
NX

Trong bai b&o nay, tac gia sir dung phuong phap
két hop hai cach thirc da giéi thiéu & Myc 1.1 nham
tan dung loi thé riéng cua ching trong mot chuong
trinh md phong thong nhat. Phuong phap mé phong
sur dung c6ng cu Multibody dugc MATLAB gidi thiéu
mot cach khé tong quat cho cac co hé chuyén dong [2].
Pong gbp cua tac gia la dua trén cac hudng dan tong
quat d6 da ap dung thanh cong, cu thé vao mé phong
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chuyén dong cua canh tay Robot 6 bac tu do. Sau do,
tac gia da dién giai lai phuong phap mé phong thanh
céc budc chi tiét & Muc 2. Tir d6, doc gia c6 thé hiéu
15 hon vé phuong phap nay va d& dang van dung
chiing cho co hé dic thu ma ho quan tdm. Phuong
phép mo phong nay da dwoc dé cap dén 6 [9, 10]. Tuy
nhién d6i tuong nghién ciru 1a khac nhau. O [9] la
Robot song song 3 bac tu do, con & [10] la Robot 2
bac ty do va sir dung phin mém thiét ké 3D la
SolidWorks. Nhu vay, c&c nghién ctru d6 cung vai bai
béo nay di cung cb va mé rong thém minh ching cho
viéc sir dung phuong phap mé phong da dé cap 1a hiéu
qua va nén dung.

a)
fx)=0 B:fF P At B*F
| / |
Equation Solving Joint 01 Coordinate  Joint 02
Transform
Ky
Base Frame
4 o™ [i4
a\c ¢ B sase B kot E B tinkoz
Gravity
Hinh 1.

a) M6 hinh Robot trong NX
b) M& hinh Robot trong Multibody

Dé dé hinh dung, ta xem xét md hinh hda canh tay
Robot 2 bac tu do nhu ¢ Hinh 1. Dau tién, md hinh
Robot dugc thiét ké trén phan mém NX 12.0 nhu &
Hinh la, sau d6 céc file thiét ké dudi dang dudi .step
duwgc nhap sang moi truong MATLAB/Simulink
thdng qua cong cu Multibody nhu & Hinh 1b. V& co
ban, cong cu Multibody cung cip cac khéi dé chira
dung thdng tin can thiét tir file & cac phan mém thiét
ké. Trong Hinh 1b c6 thé quan sat thay cac khdi Base,
Link 01, Link 02, chinh 1a 3 khau duoc nhap tir phan
mém NX sang. Céc khdi nay s& chtra thong tin vé hinh
dang, kich thudc, khdi lrgng, mé men quan tinh, trong
tdm ctia mdi khau va co so dit liéu nay do phan mém
thiét ké 3D cung cap. Cha y ring, MATLAB ciing cho
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phép nguoi dung tu dinh nghia cac dir liéu nay néu
can. Ngoai ra, rang buéc giita cac khau bang cac khap
ciing dwoc md hinh hoa bang cac khap quay Joint 01,
Joint 02. T4t nhién, cong cu Multibody cung cip day
du cac loai khdp co trong thuc té tir khong dén sau bac
tu do. Pé lay co s6 tinh toan, chling ta can gén vao hé
thdng cac hé toa do co s& nhu hé Base Frame 13 hé
gbc cho dén céc phép dich chuyén hé toa do bai cac
khéi Coordinate Transform. Cac khbi nén tang nhu
Equation Solving hay Gravity do MATLAB cung cip
dé ty dong giai cac phuong trinh rang budc va mang
thong tin vé gia toc trong truong. Nhu vay véi cac
khi co ban dé, ta da x4y dung xong mé hinh 3D nhap
tir phan mém thiét ké sang MATLAB. Viéc thuc hién
cac bai todn md phong lién quan tr day hoan toan
duoc thuc hién trén moi truong MATLAB.

2. Xay dung mo hinh canh tay Robot 6 bac tw
do két hop MATLAB va NX

& 1

Hinh 2. M6 hinh Robot thuc té

Dua trén y tudng co ban duoc trinh bay ¢ Muc 1,
ta tién hanh xay dung mo hinh canh tay Robot 6 bac
tu do trong mdi trudng MATLAB nhu ¢ Hinh 2 theo
cac budc sau:

Budc 1: Xay dyng hé toa do can thiét gén véi cac
khau trén Robot (O day sir dung quy tic Denavit-
Hartenberg, du c6 thé theo cac quy tic khac nhu ma
tran Craig hoac ma tran thuan nhat).

Budc 2: Thiét ké va vé 3D céc khau caa Robot trén
cac phan mém thiét ké dya theo cac hé toa do da thiét
lap & budc 1.

Budc 3: Nhap mo hinh tir phan mém thiét ké sang
MATLAB sir dung cong cu Multibody dé thuc hién
bai toan md phong. Viéc nhap mé hinh dwoc thuc hién
bing cach st dung cac khéi twong tng cua
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Multibody/Simulink, khai b4o cac théng sb can thiét
va lya chon céc file thiét ké 3D (dudi .stl hodc .step)

tir phan mém NX ma cong cu Multibody cho phép doc.

3. M6 phéng phwong trinh dong hec cua
Robot

Dé thyuc hién md phong dong hoc, trurdc tién ta can
thiét 1ap hé phuong trinh thé hién méi quan hé gitra vi
tri va huéng cua khau thao tac ddi vai vi tri cua cac
khép quay. Phuong trinh nay c6 thé dugc thiét 1ap dwa
trén quy tic Denavit-Hartenberg [8] bang cach xay
dung cac hé toa do gin vao Robot nhu trén Hinh 3,
sau d6 xac dinh cac tham s6 dong hoc nhu trong Bang
1 miéu ta cac budc chuyén hé toa do tir khau ¢ dinh
(hé Op) lan lugt dén khau thao tac (hé Og). Tir do, ta
xay dung dugc cac ma tran thuan nhat D-H dia
phuong, thé hién phép bién ddi tir hé toa d6 Oi-1 sang
hé toa do Oi nhu trong biéu thuc (1). Khi do, phép
chuyén doi hé toa do tir hé Op dén hé Og duoc thé hién
bang tich cua cac ma tran D-H dia phuong nhu trong
cdng thac (2).

Bdng 1. Cac tham sé déng hoc

Khép a a d q
1 90° ai 0 01
2 0 a 0 gz
3 9Q° as 0 gs
4 -90° 0 ds Qa
5 90° 0 0 Gs
6 0 0 ds Qs

¢, 0 s ac c, —-s, 0 ay,
H%) _ S 0 €8s © H 12 S, G 0 8,5,

01 0 O 0 0 1 O

00 0 1 0 0 0 1
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ux Vx Wx px
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o = Ho (a,)Hi (a,)-Hs () u, v, w, p,
0 0 0 1
(2)

Tu (2), nhan tung ra va thu gon lai ta duoc hé
phuong trinh dong hoc Robot:

Py =6 [al 8,0, a0y + d4523 + de (C23C455 +554Cs ):I +
deS;S,S;

Py =5, [3-1 +2,C, +2,Cp5 +0,S,5 +dg(CyC,S5 +523C5)]
-0sC,S,S5

P, =a,8, +a,5, 'dACza + de (5230455 'Czscs)

u, =¢ |:C23 (04C5Cs =S4S¢ ) - 52385C6] *S (S4C5C6 *+C,Ss )

Vy =5, ['czs (C4C5Ce +5,S ) +52385C6 ] -G ('540505 +C,S56 )

W, = 823C4S5 = Cp3Cs

4

Gjj =cos(qi +0Q; ); S;j :Sin(qi +0Q; );

€))

Trong bai toan dong hoc nghich, cac thanh phan
ctia ma tran & vé phai biéu thire (2) duoc cho trude, ta
can tim céc gia tri bién khop gi. Nhu c6 thé thay tir (3),
day 1a hé phuong trinh phi tuyén nhung c6 thé giai
bang phwong phap hinh hoc do Robot ¢6 ciu trac dic
biét. C4c hé truc quay Za s déu cit nhau tai chung mot
diém nén ta c6 thé phan chia riéng biét thanh 2 bai
toan doc 1ap [8] V& vi tri (lién quan dén céc bién khép
O123) Va bai todn vé hudng (lién quan dén céc bién
KhGp as6). Bai todn vé vi tri cho ta cac nghigm:
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k, £ k2 +kZ K2 (4)
, =2arctan Y1 23 R

4 k; +Kk,

g, =arctan(s,,c,)

Vi

k, =2a,d,;

k, =2a,a,;

ks = (p, —dgw, )’ +(p, —dswy)2 +
(pz _dGWz)Z _Z(px _d6Wx)a101
_Z(py _dGWy)aisl+a12 +a22 _a§ _df

Bai toan vé hudng cho ta nghiém:

Us =ACOS(W,C,Sy; +W,S,S,, — W,Cy )

g, =asin W& 7 WS ©)
4 ss

g, = asin VyCiSy3 V) 5,53 =V, 03
s =

S5

Cac nghiém ctia phuong trinh ¢ (4) va (5) sé duoc
dung dé thuc hién bai toan méd phong dong hoc nghich
dwa trén mo hinh di thiét 1ap & Muc 2. O day, ta gia
st rang khau thao tac cua Robot chuyén dong bam
theo mot nira duong tron cé ban kinh 1a r=0,08m trong
thoi gian 1s va hudng cua khau thao tac duoc gitr ludn
khong dbi trong qué trinh chuyén dong. Ma tran thuin
nhét biéu dién hé toa d6 gan véi khau thao tac so véi
hé ¢6 dinh duoc cho bai:

- ) a3
Tractory %2 e s

87N F vl 3 e AL

:
+ B off o By
W s o1oa o1 022 oz on
A [—lf i
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010 0.08sin (zt)
Hoo|1 00 0.18+0.08cos(7t) (6)
o0 -1 0

00O 1

Céc kich thudce cta Robot ¢6 gia tri nhu sau:
a, =0.035a, =0.11; a, =0.02; d, =0.125; d, =0.05[m]

Pé thyc hién md phong, ta can thém khéi tinh toan
dong hoc nghich va khéi quy dao cua khau thao tac
vao mo hinh & myc 2. Toan bo so d6 md phong dong
hoc nghich duogc thé hién & Hinh 4. Viéc giai bai toan
dong hoc ngugc dya trén md hinh toan hoc va hé
phuong trinh s& cho nhiéu tap nghiém do cac phuong
trinh luong giac ddi véi mdi bién khép thuong tra 2
nghiém. Tuy nhién, d6i v&i cau tric vat ly thuc té cua
Robot, s& c6 nhiéu tap nghiém tir ly thuyét ma Robot
khong thé dat t6i hoic khong nén chon (do cac rang
budc va va cham vét ly xay ra nhu va cham gitta cac
khau, gigi han khdng gian 1am viéc, day dan,... hoic
do budc nhay dot ngot cua bién khop tir két qua
nghiém cua phuong trinh luong giac). Két qua md
phong chuyén dong ¢ day da dua trén viéc lya chon 1
tap nghiém dé phi hop nhét véi kha ning chuyén dong
thuc té cua Robot. Do thi vé vi tri, van tdc va gia tc
cac bién khop duoc thé hién lan luot & cac Hinh 6, 7
va 8. Quan sat video ta c6 thé thiy khau thao tac
chuyén dong bam theo quy dao ma ta da dat ra dong
thoi hudng cua khau thao tac ciing dugc gitr khdng
thay d6i nhu yéu cau. Do thi céc bién khop duoc thé
hién ¢ Hinh 6, 1a vi tri géc quay cua cac khop (do)

a4l @—"" E] b
e > ol ] ol ']
pat b off avA s vl aof
D e o . o
il | Pall gl |
ou_on o405 05 06l
o 104 int 05 Joit 08
=) =) )
e L i~ i N

0z_03R Link 03 Link 04 Link 05 05_06R Link 06

T — .@

Hinh 4. So d6 mo phéng bai todn djng hec nghich
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theo thoi gian. Ta thay khép 4 dtng yén, con cac khép
khac thay d6i trong pham vi hoat dong cho phép cua
chung va chuyén dong lién tuc khong c6 budc nhay.
O Hinh 7 va 8 1a d6 thi van toc va gia toc caa cac khap.
Chung ta can lya chon dong co dé cac gia tri nay nam
trong gidi han cho phép cta dong co. Hon nita, day
ciing 1a cac gia tri dau vao cho bai toan dong luc hoc
nguoc. Nhu vay, ta da kiém tra dugc tinh dung dan 1oi
giai cua bai toan dong hoc nghich théng qua su két
hop md phong gitra MATLAB/Simulink va phan mém
NX véi cdng cu Multibody.

Hinh 5. Két qud mo phéng trén MATLAB/Simulink

£ iy a0 ca i b

i 1 s

Hinh 6. Do thi vi tri cac khép (dp)

Hinh 7. D6 thi vdn téc cac khop (rad/s)
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Tima

Hinh 8. Do thj gia toc cac khdp (rad/s?)

4. Két luan

Trong bai bdo nay, tac gia da trinh bay viéc md
phong 3D dong hoc nghich canh tay Robot 6 bac tu
do théng qua cdng cu Multibody cua MATLAB/
Simulink vai mé hinh thiét ké dugc nhap tir phan mém
NX 12.0. Két qua md phong cho thiy viéc thiét lap
phuong trinh d6ng hoc va nghiém cua bai toan dong
hoc nguogc da dugc thuc hién dang va phu hgp véi
chuyén dong thuc té cua Robot. Dong thoi, ta thay
duoc tinh truc quan cta phuong phap mé phong khi
tan dung dugc kha ning dd hoa cua phan mém CAD
va suc manh tinh toan tor MATLAB. Tuy nhién,
phuong phap nay doi héi nguoi ding cé ky ning st
dung thanh thao ca 2 phan mém bén canh ly thuyét
tinh toan vé chuyén dong cua cac hé co hoc. Md hinh
xay dung c6 thé duoc tiép tuc phét trién cho céc bai
toan mo phong dong luc hoc va diéu khién.
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