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TOM TAT

Cdc hé thong gia cong bang robot mang lai nhiéu loi ich ding ké, chang han nhw sy linh
hoat cao trong viéc ldp chiwong trinh gia cong, dé dang diéu chinh cdu hinh robot dé ddp g su
thay doi ciia doi twong hodc chi tiét can ché tao, cing véi dé la khéng gian hoat déng réng va diéu
chinh linh hoat. Véi cdc chi tiét c6 hinh dang bé mdt gia cong phirc tap, thao tdc gia céng dwoc thuc
hién béi chuyén dong tao hinh phitc tap giita dung cu gia cong va chi tiét gia cong. Robot tic hop
la mot hé thong gom cdc robot phéi hop sé la phwrong dn phu cho cdc thao tac cong nghé nhw vay.

Dé robot tac hop c6 thé hoan thanh cdc thao téc cong nghé tao hinh phike tap, bén canh viéc
thiét ké quy dao chuyén dong dé ldp chwong trinh gia cong thi viéc tinh todn déng luc hoc la mét bai
todn khé boi robot tac hop ¢6 cdu triic phire tap. Pi c6 cdc cong trinh vé tinh todn déng liec hoc ciia
robot tac hop, song cdu triic robot tdc hop la da dang. Trong bai bdo ndy trinh bay tinh todn déng
lyc hoc cho mo hinh robot tac hop g&m hai canh tay robot chudi hé ba bdc tw do (Mechanism of
Relative Manipulator 3+3 degree of freedom) MRM33. Cdc canh tay robot thuc hién chuyén déng
twong doi giita dung cu va chi tiét dé thwce hién thao tac gia cong. Thudt todn va chirong trinh cho
két qua mé phong sé va dp dung thudn loi cho 16p robot tic hop MRM33.

Tw khéa: Robot tac hop MRM33; Mo hinh hoa dong luc hoc, Gia cong co khi.
ABSTRACT

Robotic machining systems offer many significant benefits, such as high flexibility in
machining programming, easy adjustment of robot configuration to accommodate changes in the
object or part to be manufactured, and a vast operating space and flexible adjustment. For parts
with complex machined surface shapes, the machining operation is performed by complex forming
motions between the machining tool and the machined workpieces. Collaborative robots are a
system of coordinated robots that will be a suitable solution for such technological operations.
To enable collaborative robots to complete complex forming operations, in addition to designing
the motion trajectory for programming the machining, calculating the dynamics is a difficult
problem because these robots have complex structures. There have been studies on the dynamics
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of collaborative robots, but their structures are diverse. In this paper, the dynamics calculation
for the collaborative robot model consisting of two open-chain robot arms with three degrees of
freedom (Mechanism of Relative Manipulator 3+3 degrees of freedom, MRM33) is presented. The
robot arms' relative motion moves the tool with respect to the workpieces to perform the machining
operation. The algorithm and program give numerical simulation results and are conveniently

applied to the MRM33 collaborative robot class.

Keywords: Collaborative robots MRM33,; Dynamics modelling;, Mechanical processing.

1. PAT VAN PE

Cong nghé san xuit thong minh d3 mo
ra ky nguyén méi cho viéc trién khai robot vao
cac quy trinh co khi ty dong hoa. Viéc ung dung
robot trong gia cong co khi ngay cang duoc
quan tim nghién ctru va phat trién [1-6]. Nhiéu
nghién ciru vé cac thanh tyu gan day trong linh
vuc gia cong phay str dung robot, dac biét 1a ddi
v6i cac chi tiét o hinh dang phire tap duoc trinh
bay trong bai tong quan [1]. Ung dung da dang
ctia robot cong nghiép trong gia cong cit got,
ddc biét trong cac linh vuc nhu mai, phay, ddnh
bong va xir Iy bé mit duoc phan tich va téng
hop trong [2]. Mt trong cac uu diém cia gia
cong tao hinh bang robot 1a kha nang linh hoat
vé dinh vi, dinh hudng cua dung cu gia cong dé
thuc hién cac thao tac cong nghé¢ phirc tap lén
dbi tuong gia cong. Song didu d6 din dén van
dé quan trong 1a thiét ké quy dao chuyén dong
cho robot dé tao chuong trinh gia cong cho
robot thuc hién thao tdc cong nghé. Pa co6 cac
cong trinh nghién ciru cac phuong phap thiét ké
duong dung cu cho robot, chiang han trong cac
cong trinh [7-9]. Dya trén duong dung cu, quy
dao chuyén dong cua robot duoc tinh toan bang
viéc giai bai toan dong hoc robot dé tao chuong
trinh cho robot thuc hién thao tdc cong nghé.
Trong cac cong trinh [10,11] da trinh bay viéc
thiét ké quy dao chuyén dong cho robot gia
cong tao hinh bé mat. Trong [12] d3 trinh bay
viéc tinh toan dong hoc, thiét ké quy dao Chuyén
dong cho robot tac hop MRM33 thuc hién gia
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cong tao hinh bé mit chi tiét c6 hinh dang phirc
tap. Song song voi viée thiét ké quy dao chuyén
dong, lap chuong trinh thao tac, bai toan dong
luc hoc dong vai tro quan trong trong viéc cung
cép mo hinh dong luc hoc cho viéc diéu khién
hoat dong ctia robot ciing nhu cac sé liéu can
thiét cho viéc tinh toan, thiét ké robot. Trong
[13, 14] da dan ra phuong phap chung khao
sat tinh toan dong luc hoc robot tac hop. Trong
[15] cling chi ra vi¢c khao sat dong luc hoc cua
mot mo hinh robot tac hop, trong d6, mot trong
hai robot thanh phan c6 céu triic ban may véi
cac khép chuyén dong tinh tién. Bai bao nay
trinh bay phuong phap mo hinh hoéa, thuc hi¢n
theo mot quy trinh dé nhan dugc hé phuong
trinh dong Iyc hoc robot tdic hop MRM33. Vi
robot tic hgp néi chung, thong thuong ton tai
céu triic vong kin. Véi robot MRM33, cac canh
tay robot c6 cdu tric chudi ho, trong qua trinh
thuc hién thao tac cong nghé s& tao thanh chudi
dong hoc kin. Mot cach tong quat, hé phuong
trinh dong luc hoc s& bao gdm cac phuong trinh
vi phan chuyén dong cuia robot va cic phuong
trinh rang budc boi cau tric vong kin dam bao
chuyén dong thao tac gia cong. Trong dang
do, viéc khao sat tinh todn dong luc hoc 1a kha
kho khan. Trong truong hop, véi loai hinh gia
cong xac dinh, cac thong sb vé vat liéu, thong
s6 cong nghé, cho phép ap dung cong thire thuc
nghiém dé xac dinh luc tuong tac (goi 1a luc
cit) gitra dung cu va chi tiét gia cong, thi co
thé tach ciu tric dé thiét 1ap phuong trinh vi

phan chuyén dong cho timg canh tay robot. Bai &
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bao dan ra phuong phap thiét lap phuong trinh
dong luc hoc cho robot tic hop MRM33 dua
trén cach thar hai nay. Bai bao trinh bay mot vi
du ap dung dé minh hoa.

2. MO HINH PONG HQC ROBOT TAC HQP

M4 hinh robot tdc hop MRM33 1a h¢
gém hai canh tay robot ba bac tu do cAu tric
nbi tiép chudi hé dugc biéu dién trén Hinh 1,
a. Trong MRM33, mdt robot kep chat va di
chuyén chi tiét gia cong. Robot nay dugc goi la
robot ban may (A), dong vai tro gidng nhu ban
may trong cac may cong cu, hodc may CNC.
Robot thr hai kep chit va di chuyén dung cu
gia cong, goi la robot dung cu (B).

Hinh 1. Robot tac hop gia cong co khi

Tir yéu cau ky thuat gia cong, cac robot
dugc diéu khién chuyén dong sao cho dung
cu chuyén dong tuong dbi ddi véi chi tiét gia
cong, tiép can va tuong tac thao tic cong nghé

1én bé mat chi tiét gia cong.

MGdi canh tay robot déu c6 ba bac ty do,
ba khau dong, toan khép quay, tao thanh chudi
dong hoc hé. Ky hi¢u cac khau dong ctia robot
ban méy la L11, L12, L13; ctia robot dung cu la
21,122, 1L.23.

Goi hé toa do co so vira 1a hé toa do géc
robot ban may la R, = x )y z, dat tai gbc robot
ban m:ély. Goi cac hé toa @0 khau cua robot ban
mdy lan hIqF la Ry = X¥Zip Ry = XY 07
voi khau cudi la R ; = x,,y,,z .. Tuong tu, goi
cac hé toa do khau cua robot dung cu lan lu’gt
laR, =x,y,7,, R, =x,y,2,, voi khau cudi
laR,,=x,,y,,7,,. H¢ toa d§ gbc ctia robot dung
cuky hitu R, =x,y,7,.

Mic di c6 mét sb phuong phap xdy
dung cac hé toa do, & diy 4p dung quy tic
Denavit-Hartenberg (DH) béi cdu trac cac
khép quay hodc tinh tién 1 phu hop nhit véi
phuong phép DH.

Dudi day trinh bay viéc khdo sat, tinh
toan dong hoc va dong luc hoc robot tac hop
no6i chung cling nhu cho mé hinh MRM33.

3. BAI TOAN PONG HQOC ROBOT TAC
HOP

Véi viée ap dung quy tic DH dé gén cac
hé toa do cho cac khau, cac tham sb dong hoc
duoc biéu dién trong bang 1.

Bdng 1. Cdc tham sé dong hoc DH ciia robot tac hop

Robot ban may Robot dung cu
i-1/i 0, d a, Q, i-1/i 0, d a Q,
1 q, d, 0 /2 R, /R, 0 0 a,, 0
2 d, 0 a, 0 1 q, d, 0 /2
3 q, 0 a, 0 2 q, 0 0 -1/2
4(A) /2 0 0 0 3(B) d, d,, a,, /2
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Ddi véi robot ban may, h¢ toa d khau
L13 sau khi thyc hién cac phép chuyén theo
quy tic DH, thyc hién thém budc 4(A) dé dua
h¢ R, dén hé toa do R, = x,y,7,, dat tai tam
ban kep H¢ toa do R vira bleu dlen vi tri va
hudng khau L13 dbi voi hé toa do co s, dong
thoi duoc dung dé biéu dién d6i twong gia cong,
tirc biéu dién dang hinh hoc cua dbi twong gia
cong trong R .

Cac ma tran truyén bién ddi toa do
thuan nhat cua robot ban may lan luot la °A L,
"A L, PA L, PAL, duge tlnh theo cong thirc ma
tran DH voi cac tham s cua robot ban may

duogc chi ra ¢ Bang 1.

Dé tién trinh bay, goi hé R, 1a hé toa do
ban kep hodc hé toa do g4, tuong ng, ma trén
biéu dién hé toa do ban kep ddi v&i hé toa do co
so la:

OAD — 014111114'12 121413 ISAD (1)

Cac ma tran truyén bién d6i toa do
thuan nhét ctia robot dung cu lan lugt 1a ‘B,
*B,, 21B22, *B,, dugc tlnh theo cong thirc ma
tran D, voi cac tham sd cua robot dung cu &

Bang 1

Pé tién trinh bay, 0dayhé R, =x,y,.z 23
la hé toa d6 khau cudi cua robot dung cu nén
goilaR, =x.y,z,, tuong img, ma trdn biéu dién
hé toa do dung cu dbi v6i hé toa d6 co so theo
chudi dong hoc robot dung cu la:

B OB ZOB 21B 22B (2)

H¢ toa do dung cu thuong gén tai ludi
cit. Gia sir robot thuc hién qua trinh gia cong
bé mit cong bang phay tinh. Hé toa d6 dung cu
duoc xac dinh sao cho: gdc toa do tai diém cit
trén ludi cat cla dung cu; truc x, phap tuyén
ludi cit, truc z, tiép tuyén, truc \ tao thanh hé
toa do thuan, xem Hinh 1, b.
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Goi cac thong s6 dinh vi hé toa do dung
cu R, =x.y,z d0i v6i h¢ toa do ban kep R =
X,YpZp 1 cdc toa do thao tac x, y, z, a, B, n, ky
hiéu [12]:

p=[xy.z.a B.n]
p:[xsyszad’ﬁaﬁJ (3)
b=[%5.2.6 8.1

Ma tran biéu dién h¢ toa d6 R, ddi véi
h¢ toa do ban kep R bdi cac toa do thao tac
duoc ky hiéu la:

c(apm) c.(epn) cilapa) x

DAE (p): CZI(a’IB’n) sz(a’lgsn) C23 (a>ﬂ’77) y (4)
c}l(a7ﬁ’77) C32(a,ﬁa77) C}s(a’ﬁ:n) z
0 0 0 1

Ma tran biéu dién hé toa do dung cu ddi
voi hé toa do co sé theo chudi dong hoc robot
ban may la:

OAE = O14'[1 ll1412 12A13 1314D DAE (5)

T cac phuong trinh (2) va (5), ta c6
phuong trinh dong hoc robot dang ma tran nhu
sau [12]:

OAH 11A12 12‘413 13AD DAE
Hodc, ky hi¢u (7):
q :[qqu"":qﬁ]r

— 0320 ZOB21 21B22 ZZBE (6)

0=[4.G,-4,] (7
q:[qqu’“WQG]T
(6) dua vé dang (8):

"4,(q)="4,"4,(4,)" 4, (0.) "4 (4) "B, "B, (4.) "B.(¢.) *B.(4.) (8)

Tir (8), ma tran biéu dién hé toa do R,
dbi voi hé toa do ban kep R, bdi cac toa do
khop duogc ky higu la:

(T

D _1ea\d) x\qd) c3\49) V\9q

D= 0) enla) ele) 2(a)]
0 0 0 1
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Tu (4) va (9) nhan dugc phuong trinh
dong hoc robot dang ma tran:

’4,(q)="4,(p) (10)

Mot cach téng quat, dua phuong trinh
ma tran (10) vé hé phuong trinh dong hoc doc
lap 1a hé cac phuong trinh dai so phi tuyén [12]:

1 =x(q)—x=0
fi=y(q)-y=0
£ :z(q)—z=0

11
ﬁ;:Cn(‘I)—Cn(asﬁaﬂ):O ( )
fs =Cy (Q)—sz(a,ﬂﬂi)zo
fa 2033(q)—033(01,ﬂ,7])20

Cac phuong trinh dong hoc robot dang
ma tran (10) hoac dang doc lap (11) cho phép
giai bai toan dong hoc, thiét ké quy dao chuyén
dong va lap chuong trinh gia cong cho robot.

Tir cic cam bién c6 thé nhan dugc quy
ludt chuyén dong cia cac khau cua robot biéu
dién qua cac toa do khdp va dao ham céac cap
q, 4, § cua ching theo thoi gian. Giai hé (11) dé
nhan duoc quy luat chuyén dong cua dung cu
tlre chuyén dong cua h¢ toa do R, ddi véi hé toa

do ban kep R, xdc dinh boi p, p, p.

Nguoc lai, tr yéu cau robot thuc hién
thao tac cong nghé, chuyén dong thao tac cia
dung cu d6i v6i chi tiét gia cong xac dinh boi cac
p, P, P, giai hé (11) dé nhan dugc chuyén dong
cua cac khau cua robot.

4. PONG LUC HQOC ROBOT TAC HQP

Khi hai canh tay robot MRM33 thyc hién
thao tac sé tao thanh chudi dong hoc kin. Tuy
vay, trong cong trinh nay, lyc tac dung tuong hd
giita dung cu va chi tiét gia cong duogc gia thiét
c6 thé xéac dinh dua trén cong thuc thuc nghiém.

cokhivietnam.vn

Khi d6 c6 thé ap dung phuong phap tach cau
truc, dua mo hinh dong luc hoc vé hé hai robot
chudi ho, voi ngoai luc tac dung 1én cac robot
chinh 13 cac lyc tac dung twong hd giita dung cu
va chi tiét. Ap dung phuong trinh Lagrange loai
hai, hé phuong trinh vi phan chuyén dong cia
robot MRM33 c6 dang [13-15]:

M@q+y(q.9)+G(@+0=7  (12)

M(q),,,1a ma tran khdi lwong ciia robot,
duoc tinh theo cong thuce sau:

6

M(a)..=| S,

i=1

+ ciJ;[ ci®0ia’JRi)} (13)

6%6

O day, m, 1a khéi lwong khau thi i, 9@,
1a tensor quan tinh ctia khau i di voi khéi tim
C,, xac dinh trong h¢ toa do khdi tam cua khau;
¢] .1a ma trdn Jacobi ctia vector toa do khdi tim
khau 1 theo vector toa dQ khép q; ©J . 1a ma tran
Jacobi cua vector van toc goc cua khau i theo
vector dao ham cua céac toa do khdp q (14).

. a 0 a ci ]
o= ()
i Oq Ri oq

v(q.9),,, 1a vector luc suy rong cua cac
luc quén tinh ly tdm va quan tinh Coriolis, xac
dinh dua trén ma tran khoi nhu sau:

E""'=|:E""'E""".s]- U[Q’Q’}=Z|-"‘: éf,@zé‘;
1 ém, &m,  am

|ké;ur:l=?| = | + =] - - =
2l 8g, &g, dg |

(15)

G(q),,, 1a vector lyc suy rong cua cac luc
bao toan, x4c dinh dya trén ma tran khoéi luong
M(q) nhu sau:

G=[G,.G]; G=—; i=16 (16

IT 1a theé nang cua hé robot.
T, la vector luc suy rong cua céc lyc dan
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dong, dugc tao boi cac dong co, cua robot.

Q,,, la vector 11_1’53 suy r(f)r}g cua cac lgc
khong bao toan. C6 thé c6 nhicu thanh phan
ngoai lyc tac dung 1én robot. Tuy vay, vdi robot
gia cong co khi nhue MRM33 thi lyc cét 1a dang
ké so v6i cac loai luc khac. Do vdy, & ddy chi
xét dén luc cat ma dung cu tac dong 1én bé mat
gia cong dé boc tach 16p vat liéu trén bé mat chi
tiét gia cong, bé qua cac luc ma sat trong cac
khép, ma sat gitra dung cu cit va bé mat chi tiét
gia cong, ciing nhu cac luc c6 thé c6 khac.

Nhu di chi ra, ¢ day gia thiét luc cat
duoc xac dinh dua trén cong thirc thyc nghi¢m,
ky hi¢u vector F 1a lyc dung cu cit tac dung 1én
chi tiét gia cong tai diém cit, thi lyc tac dung
1én dung cu 1a -F:

T
F=[F,F,F.,M ,M,M.] (17)

7 G(_)j cac vector r, 1, 1a cac vector dinh
vi diém tiép xuc gilta dung cu va chi tiét gia
cong, xac dinh lan lugt theo chudi dong hoc
robot ban mdy, va robot dung cu mdt cach
tuong tng. Nhu vay, cac ma tran Jacobi cua
cac vector nay dugc xac dinh:

o
=L g 2 (18)
oq oq

. Mot cach tuong tu, gpi cac vector ® o
o, lan luot 1a cac vector van toc goc cua chi tiét
gia cong (cua khau cudi robot ban may) va cua
dung cu (cua khau cudi robot dung cu), nhan
duoc cac ma tran Jacobi:

Tur do, vector luc suy rong Q cua céc
lyc khong thé dugc xéac dinh theo:

JT = JTl -
Q=J'F;

Céc phuong trinh (12)-(20) cho phép
giai bai toan dong luc hoc robot MRM33.

Jo=dp=Jus J=[J,,J

1300

T2 R2°

5. APDUNG

Mot vi du duoc thuc hién 1a robot tién
tinh bé mat cong hinh cén, Hinh 2.

Bé mjt {i:«:ﬁng

T,

ow ow
Jm: .d; JRz_ .E; (19) 0y . A ’ A > . A
oq oq Hinh 3. Tiep xiic dung cu - Bé mat gia cong
Bdng 2. Céc théng so cdu tric chi tiét gia cong va thong sé cong nghé
zZ, r, L (0} v, S, b
25mm 40mm 120mm 10° 25m/s 60mm/s 0.0lmm
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Céc thong s6 cdu tric chi tiét gia cong
va thong sd cong nghé duoc dan ra trong Bang
2. Trong d6, cac thong sé cdu tric duge chi ra
tuong Gng trén Hinh 2. Cac thong sé ché do
cong nghé gdom v, la van toc cat, b 1a chiéu sau
cit va lugng chay dao vong dugc quy ra lugng
chay dao theo thoi gian la s,

Qua trinh gia cong tién tinh dugc thuc
hién boi miii dao di chuyén doc theo duong
dung cu 1a duong sinh cta bé mit gia cong sao
cho miii dao tiép xuc voi bé mat hinh con cua
chi tiét gia cong.

Dic trung hinh hoc ctia bé mit gia cong
tai m6i diém trén duong dung cu co thé biéu
dién boi pl(f)t hé :[Qa do x.y.z, sao chvo truc x,
phap tuyén voi bé mat gia cong tai diém fi trén
duong dung cu. Truc z, nam doc theo duong
sinh, truc y, tao thanh h¢ toa d¢ thuén.

H¢ toa do dung cu R, = x,y,z_ dat tai
mii dao xac dinh boi truc x, phap tuyén voi

qui cét, truc z, vudng goc truc x, va car}h [udi
cat, truc y, tao thanh h¢ toa do thuén. Dicu ki¢n
k}? thuat gia cong 1a h¢ toa do R, va h¢ toa do
bé mat gia cong X, y, z, trung nhau, Hinh 3:

XpVpZy =X, V.2, 21)

Tir cic thong sd di cho, c6 thé tinh quy
ludt chuyén dong trong khong gian thao tac, tirc
la chuyén dong cua dung cu trong h¢ toa do ban
kep R, =Xy, 7.

Ap dung phuong phap tinh toan d trinh
bay cling nhu dua trén phuong phép tinh toan
v6i chi tiét gia cong da tinh toan trong [12] va
nhan duogc két qua vé quy luat chuyén dong cia
robot.

Trong phan nay chi dua ra cac thong s6
dong luc hoc va Kkét qua tinh toéan luc dan dong
dua trén quy luat chuyén dong da biét. Bang
thong s6 dong luc hoc cia MRM33 va chi tiét
(dugc tinh cung khéu L ) duoc dan ra trong
Bang 3.

Bdng 3. Cdc thong s6 dong luc hoc robot MRM33 va chi tiét

Vi tri khdi tAm, trong hé toa | Khéi | Mémen quén tinh khoi lwgng, trong hé toa dd gin véi
TT d¢ khau (m) lwgng trong tam (kg.m?)
XCi ‘ yCi ‘ ZCi (kg) ‘ IVV ‘ IZZ ‘ va ‘ IVZ sz
Théng sb dong luc hoc cta robot ban méy

L, -0.03041 -0.03812 0 3.63992 | 0.003604 | 0.004955 | 0.004984 | 0.001443 0 0

L, -0.11474 0 0 3.21316 | 0.000705 | 0.020394 | 0.020506 0 0 0
" -0.02487 0 0.10412 | 7.86931 | 0.050525 | 0.067348 | 0.021537 0 0.020374

Thong b dong luc hoc cua robot dung cu

L, -0.03041 -0.03812 0 3.63992 | 0.003604 | 0.004955 | 0.004984 | 0.001443 0 0

L, 0 0.005723 | 0.072543 | 3.24218 | 0.014628 | 0.014122 | 0.001339 0 -0.001346 0
L, 0.10703 -0.01944 | 0.003997 | 2.11990 | 0.000901 | 0.001094 | 0.001332 | -0.000148 0 0.000001

Khong giam téng quat, qua trinh tién
tinh luc cit sinh ra kha nho va luong vat li¢u
boc tach (phoi) tir bé mit gia cong dugce cho 1a
d@)ng déu nén ta tinh so bd luc cit nhu sau:

F =[10,20,20,0,0,0]' (22)

O day, thanh phan Iyc cit theo hudng xé
vt liéu tach tir bé mat gia cong va theo phuong
phap tuyén thuong 16n hon so vé6i thanh phan
theo hudng tién dao. Cac thanh phian moment
khong déng ké nén cho bang khong.
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NGHIEN CU’U - TRAO BOI

Hinh 4 1a cac do thi biéu dién két qua
tinh toan lyc dan dong cac khau theo thoi gian.
Hinh 5 1a hinh anh tir chuong trinh mé phong
qua trinh gia cong.

Céc moment din ddng robot MRM33

j§E{fﬁ'_Iff'_ljjZﬁﬁjﬁﬁijjijiji::::::i:_':::i::::::r_ [

o 0.2 0.4 06 o8 1 1.2 1.4
time (s)

Hinh 4. Do thi lyc dan dong cac khdu theo thoi gian t.

T

Hinh 5. M6 phong robot tac hop gia cong tién tinh
bé mat chi tiét hinh con;
https://studio.youtube.com/video/hn0daUFb4lk/edit

6. KET LUAN

Bai bao trinh bay bai toan dong hoc,
dong luc hoc robot tac hop gom hai cich tay
robot chudi hd 3+3 bac tu do, MRM33. Phuong
phap két hop phép bién dbi toa d6 va ma tran
truyén bién doi toa d6 thuan nhat cho phép nhan
duoc phuong trinh dong hoc, tao thuan loi cho
viée thiét ké quy dao chuyén dong, lap chuong
trinh gia cong. Phuwong phap thiét 1ap phuong
trinh vi phan chuyén dong duoc trinh bay thuan
loi cho viéc 1ap trinh ty dong va giai bai toan
dong luc hoc MRM33. Két qua tinh todn dong
hoc, thiét ké quy dao chuyén dong cung cap dir
liéu cho bai toan tinh lyc dan dong cho robot.
Két qua mo phong hoat dong cung cap hinh anh
truc quan, cung c¢b do tin cay cua két qua nghién
clru va tao co s& cho nghién ctru phat trién,
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