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PHAN TiCH DONG LUC HOC NGU'O'C ROBOT SONG SONG
STEWART-GOUGH

STEWART-GOUGH ROBOT DYNAMIC ANALYSIS

Nguyén Tri Diing
Truong Pai hoc Cong nghi¢p Ha Noi

TOM TAT

Cdc robot song song la cdc hé nhiéu vit ¢é cau triic mach vong [1-8]. Trong méi robot song
song, ban may déng dwoc néi véi gia c¢é dinh bang mét s6 mach vong. Robot song song c6 mot sé
wu diém nhw khd ndng chiu tai I6m, @ ciing vieng cao do két cau hinh hoc ciia chiing, c¢é thé thuc
hién cdc thao tac phirc tap va hoat dong véi dé chinh xdc cao. Vi nhitng wu diém dé, robot song
song dwoc img dung trong nhiéu linh viee céng nghiép co khi va tw dong héa. Bdi todn dong liec hoc
nguoe va diéu khién robot song song dang dwoc quan tam nghién ciru trong thoi gian gan dady [5-
7]. Céc phirong phdp nghién ciru dong liee hoc hé nhiéu vt c6 cdu triic mach vong thiwong dige sir
dung la: Phuong trinh Lagrange dang nhan tw [2, 6, 8], Nguyén ly cong ao [6, 7]. Trong cong trinh
nay sir dung phirong phdp tach cau triic dé thiét lap phwong trinh vi phdn dai s6 mé ta chuyén déng
ciia robot song song Stewart-Gough. Sau d6 sir dung phwong phép bién doi hé phirong trinh vi phén
dai 56 vé hé phwong trinh vi phdn thuong véi sé phirong trinh bang sé bdc ti do ciia hé dé gidi bai
todn dong liec hoc ngueoe [2, 8]. Céc két qua mé phong sé thue hién trén phan mém MAPLE.

Tw khéa: Robot song song; Pong luc hoc nguoc.
ABSTRACT

Parallel robots are multi-body systems with a circular structure [1-8]. In each parallel
robot, the movable table is connected to the fixed rack by a number of loops. Parallel robots have a
number of advantages such as large load capacity, high rigidity due to their geometric structure, can
perform complex operations and operate with high precision. Because of those advantages, parallel
robots are applied in many fields of mechanical industry and automation. The problem of inverse
kinematics and parallel robot control is being studied recently [5-7]. The most commonly used
methods of studying the dynamics of a multi-body system with a circular structure are: Multiplier
Lagrange equation [2, 6, 8], Virtual work principle [6, 7]. In this work, the structure separation
method is used to establish algebraic differential equations describing the motion of the Stewart-
Gough parallel robot. Then use the method of transforming the system of algebraic differential
equations into a system of ordinary differential equations with the number of equations equal to the
number of degrees of freedom of the system to solve the inverse dynamics problem [2, 8]. Numerical
simulation results performed on MAPLE software.

Keywords: Parallel robot, Reverse dynamics.
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1. THIET LAP PHUONG TRiINH CHUYEN
PONG CUA ROBOT SONG SONG
STEWART-GOUGH BANG PHUONG
PHAP TACH CAU TRUC

Robot song song khong gian Stewart-
Gough gém ban méy dong B B,B.B BB,
hinh tron, n6i véi gia c6 dinh qua 6 chan A B,
(i=1,2,...,6). Sau chan ciia robot ndi véi ban
may dong tai cac khdp cau B, B,, B, B, B,
B, va noi véi gid co dinh tai 6 khép cau A, A,
A, A, A, A moichan c6 2 khau ndi voi nhau
bang khép truot. Chon h¢ truc toa do c6 dinh
Ox,y,z, nhu hinh 1. Chiéu dai cdc chan la d.
Khoang cach tr tim hé quy chi€u Oxy z, dén
tdm cac khop cau A 1a a. Khodng cach tir tdm
hé quy chiéu dong Puvw dén tam cac khép cau
B, lab. Khéi luong cac khau dudi mdi chan 1a
m,, khéi lugng céc khau trén cua mdi chén 1a

Hinh 1. Robot song song Stewart-Gough

Vi tri khdi tam P ctia ban may dong duoc

xéic dinh boi véc to 7, = OP. Trong h¢ toa do
o dinh Oxy z,: 7.’ :’[:L“P,yp,zp] . Vi tri cac
khaop B, trong h¢ quy chiéu dong Puvw dugc xac
dinh boi b = PB, , trong do 5" =1[b,.b,.b, |
. Huong ctia ban may dong dugc xac dinh boi
3 goc Roll-Pitch-Yaw ¢ ,¢ ,¢,, ma tran cosin
chi huong cta ban may dong doi véi hé quy
chiéu cé dinh Oz,y,2, [8].

cp.cp, -8 cp, + PSP, SP, S, 8¢, + cp.Sp.cp,
AP = [sp,cp, cp.cp + SP.SP 8P, -cp, sp + 8PS cp, (1)
-5, P8, cp,cp,

Trong do, ta ky hi€u cp = cosp,sp =sinp.

Trén mdi chan robot gian vao khau dudi
hé quy chiéu Azyz. (z =1, 2,...,6). Trong do,
truc Az hudng doc theo truc cua chén thu i,
Ay. chon sao cho vudng goc voi mat phing (
Az va Az), AZ'/ Oz. Az dugc chon sao
cho Azyz tao thanh hé quy chiéu thuan. Vi
tri ciahé¢ Azy.z, ddi voi hé Az'y'z" duoc xac
dinh bdi hai goc ¢, va 6. nhu hinh 2.

Hinh 2. Cdc goc Euler ciia méi chdn va théng so
kich thuoc, khoi lwong cac chan

Ma tran cosin chi huéng cua chén thur 1

doi voi hé quy chiéu ¢d dinh Oz,y,z, 1a [8]:

cpcd  sp. cosb,
spct. cp, sps0, )
-s0, 0 c.
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MOdi chan robot 1a mot hé gém 2 vat
ran (2 khau) noi véi nhau tai khop trugt va noi
voi gia co dinh boi khép cau A, Vi tri chan A
dugc xac dinh trong hé toa do ¢6 dinh bdi vécto

T
a’ = [av NN } .
7 w W 173

Ky hi¢u G, va G, (trén hinh 2) 1an luot
12 khoi tam ctia khau dudi va khau trén ctia moi
chan. D¢ dai khau duéi la 2¢ , 4 dai khau trén
la 2e,. Vécto dai s6 xac dinh khéi tim cua khau
trén va khau d~u01 trong h¢ quy chiéu Axyz
gan lién v&i moi chan la:

o) =[0.0.e] el = [0,0,d ] 3)

Cac véc to Ta ,FG lan luot xéac dinh Vi
tri cua G, va G, trong he quy chiéu c¢6 dinh

Oxyz . Tu hinh Ve, ta co:

TG(l =a; + Gy T‘Gd =4, +Cp-
Tu do6 suy ra:
a, + C¢i80i€1
a, + sp.stle
aiz + cgz'el

0 — 0) —
rG - + Azczl -

il

a, +cpsb, ( )
a, + 56,50, ( 62) 4)
a, +cb, (d —e€

0) — ,(0) —
7"(, a + AchQ -

7i2

2

Vi tri cta chan thr i dugc xac dinh
boi cac toa do suy rong q, = [Hi,qbi,di]] . Cac
phuong trinh lién két hinh hoc cho mach vong
thtr 1 c6 dang:

—

OTllJrﬁ:ﬁJrlTQ Sa +d =1, +0b (5)

d +ad) =" + ap) (6)

a,| |cocl -sp, chsd (|0

a, |+ so.cl o sps0.||0

a, s0, 0 cd ||d, ( 7)
Zp cp.cp, -sp.cp, + Cp. S, 8P, s, s¢, + P Sp.Cp, bm

=Yy |t sp.cp, cp.co + S, 8p,50, -cp, s+ Sp.80,00, bw
Zp) |89, P8¢, p,Cp, b,

v6ii=12..6.

Chon céc toa do suy rong du xac dinh vi
tri robot la:

()
Trong do:
q, —[dl,dz,dg,dd,d,dﬁ] ;

q,=0.60,0,.0,.0,.0,.6,.6,.6,,,.0,.6,]

T
T = {ZBP?yP)zP?SDZ’()Oy’(pZ] .

Hinh 3. Cac cau truc con cua Robot

St dung phuong phap tich ciu trac,
tach robot thanh 7 cau truc con gom 6 chan va

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022

197

cokhivietnam.vn / tapchicokhi.com.vn

&



NGHIEN CUU - TRAO DOI

ban mdy dong nhu hinh 3. Cac ngoai luc tac
dung 1én cau tric con thir i (tng v6i mdi chan
ctia robot): Céc phan luc lién két tai khop dong
B: X, Yy, Z, (i=1...6), lyc dan dong cho
khop truot 1a (i = 1...6), khoi lugng cac khau
trén va dudi lan luot 1a m, vam,.

Toa do suy rong st dung tai chan thir i
la: ¢ =[0,0,.d]

a) Thiét 1ap phwong trinh chuyén déng cia
cac chan

Ky hi€u van toéc goéc cia khau dudi va
khau trén thugc moi chan 1a & ,o,. Ta ¢6 he
thure [8]:

0 —cé?iq'ﬁi HZ
o) =@ = ATA =\cb6, 0 0, (9)
-0 —s06 0
Tu do quy ra:
_Sei(ﬁi
Sl =wl)=| 4, (10)
Ceié’i

Tir (4), ta c6 cdc ma tran Jacobi tinh tién
cac khau cua chan thir i:

9r© cpcl.e, —spsh.e 0

Gl
Ty o= |sache, cpsfe 0
1 —s0..e 0 0

3

PU C¢f091'(dl - 62) fsqbis@l.(dl - ez) c¢.s0,
G

JT‘2 = (’f) = s’(;ﬁ}:@.(dl *62) C¢z56f(di 7€2> s¢.80, (11)
% —sf). (dl — 62) 0 cd,

Tur (10), ta c6 cadc ma tran Jacobi quay
cac khau cua chan thu i:
. , 0 —s6. 0
B awg) B awg) !

(i) — g =
To, =Jn, = a¢"  ag" (1) C(; 8 (12)

Céc ma tran cua cac tenxo quan tinh
cua cac khau doi véi khoi tdm cua chung trén
chan thur i c6 dang:

I, 0 0 I, 0 0
IV =]0 I, 0 10 =0 I, 0] (13)
0 0 I, 0 0 I,

Bicu thirc ma tran khoi lugng chan thir i
[8]:
M) =y md, +J;md, +J)I0T) + JIOT) (14)

Thé cac biéu thuc (11), (12) va (13) vao
(14), ta duogc:

my My, My,

(1) ( 41 (1) (i) (1)
M (q") = My My, My, (15)

(1) (i) (1)

Moy Mgy My

Trong do:

m) =1 +1 +me +m,(d ¢, J iml = 0;mld = 0;
ml) = 0;ml) = [Iﬂ +1, +met +m,(d —e,f ] . +(1, +1.)0smg =0(16)
) = O] = 0 = m,

Ma tran quan tinh ly tdm va Coriolis
cua chan thiri [9, 10]:

aMO (g o 1fomo (g
9q" )<I&®q<])gl 3q<<’> )

(¢" o) (17)

Thé ma tran M@ (g") tir (15) vao (17),
thuc hién cac phép tinh ma trdn nho MAPLE,
ta duoc:

q) ¢ 0
C(q”.4") =0 < 0/18)

(@) (@)

C31 C32 0

Trong do:
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ci? =2m, (dl —g)(i

i

(i) _ _
¢, = —s0.ch,

me’ +m, (d‘ —62)2 +11‘ +In —I:l 7151@

(19)

c(,’z’ =250 c6
> it

mlef +m, (d1 — ez)'Z + Ir‘ + [n — Ia — I{l(z +2m, (dA *62)5207.(27
o

) =—m, (dy 762)0",03 =-m, (dZ - 82)520‘.697
Biéu thtrc thé nang cua chan thir i co

dang:

n = mlgrrc‘_r + 111-2_(,!1"i"clz =mg f:a:: +ecb )+ mgg[a: +d, —eg]cz?:]

N [.—m- e —m,d + m.e, J gsb.

o o o 161~ My, o) [ 20

9(" (qt") = [3 ol = 0 ( )
q m, get,

4

Dé tinh cong 4o ciia cac luc khong thé:
ZéA;’p =710d — X bz, =Y, by, —Z, 0z, (21)

ta can xdc dinh vi tri cac khop B: 7, = a, +d,

i

a, cpel, -sp, cos0.||0 a, +cosb.d
’I’Igf” = afo) + Aidf’) =la, |+ sl co, sps0.]10|= a, + sp,s0.d,
a, -5, 0 cd. ||d, a, +c0.d

T, =a_+cg, sﬁ'_,d:

: 6.733 = d: 0(3:_69:_,59: - d:_so:_sQ ﬁo: + cc'::sé'_,_ﬁd_,

=14y = o, +sd,50.d =0y, =dsoc 88, +deos0, 66, + s0,58,.6d, (22)
7, =a_te 6':.d: 525_ = 7d: 56': .519: + 09: .5d:

Thé (22) vao (21), ta duoc:

S oA” = {-deo 0. X, —dsocd. Y, +ds0.7, }50
+{ds050,.X, —deos0.Y, |66,
{7, = X, o0, ~ Y, 5050, ~ 7,0, }od,

Twr d6 suy ra lyc suy rong ing voi cac
luc khong thé img véi chan thir i:

—dcoctd X, —dspcd.Y, +dsb.Z,
fr= dsps0.X, —dcpsd.Y,
T, —X,cps80 =Y, sps0. —Z, cl

123)

Phuong trinh vi phan mé ta chuyén
dong cua chan thur 1 c6 dang [8]:

MY (qu))(-j(:) +c" (qu),q(i))qm +g¥ (qm) =7 (24)

Tur do, ta c6 18 phuong trinh vi phan:

2

[1“' +1, + m‘ef +m, (d’ - (%2) ]@y +2m, (d’ - Lil)é’d.’

— 50,0,

me e (4 o) 41 41, -1 1|
+ (*M‘e] —m,d, + m)e))g.sﬁ =—dcpcl . X, —dspct.Y, +dsb.7,

l[l” +I“ + m]e]" +m, (d‘ —52) ]516, +([~‘. +[:1)c"'9‘

g (25)
9,0 +2m, (d, — el)szﬂy .(i,d.),
= d’sd)lsﬁy.X”‘ - d’(ca‘J,sG’.YHV

+2s0,c0, | m,ef +m, (d’ - 62)2 +I o+~ 1

mgd-' —m, (d' - Pz)l)lZ —m, (d, — ez)siﬂl,éf + m?ch7
=7 —X,cps0 —Y, 5050 —7Z,ch,

véii=1,2,..6.

b) Thiét lgp phwong trinh chuyén dpng ciia
ban may dong

_O—
Xt B]\
Ylil

Hinh 4. Ban may dong

Ban may dong (hinh 4) c¢6 khéi luong
m. Vi tri va huéng ctiia ban may dong dugc xac
dinh bang cac toa do suy rong:

= [I}”yP,ZP,SOI;SOy;SOZ}T

Céc lyc tac dung 1én n6 gdm cac phan
luc khép dong F (¢ = 1...6) tai vi tri cac khép
noi va trong luc m,g .

FY =\X,,Y,,Z, |"(i=1..6)

g=10,0—g]", g=9,8(m /5.

Ma trén tenxo quan tinh khdi cta ban
may dong trong hé quy chiéu gan lién voi ban
may dong:

I, 0 0

(P) _
=0 I, 0
O 0 z3
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Phuong trinh vi phan chuyén dong ctia
n6 duoc xac dinh theo cac phuong trinh chuyén
dong Newton-Euler [8]:

6
mPaP - ZF; +mp.g

. i=1 . (26)
1,36, +,x [IP.@P] =M,

Van tde goc va gia toc goc ciia ban may dong;

0 SQ,p, —Cp,0p, P, co, @, + cq’>’/5¢_[4,‘a:
L;)E,P) = A:AP =|=sp,p, +op,co,P, 0 —p, +50,p,
—co, x,bv - cd)ys¢_, P, P, = 5, P, 0
@, =58P, P,
(P) _ . .
—wp = PP, T opsp P, (27)

—Sp,p, +epco P,

Van toc, gia toc diém P:

) oy o)
o = x =[d,00,02,] , al) = - =[&,.5,.2,] (29)
Moment cia h¢ luc tac dung Ién ban
may dong doi vai tam P:
— 6 — -
M,=>"bxF (30)
i=1
Trong hé quy chiéu Puvw gin lién voi
ban may dong, ta co:

6
M =>"(6".F" (31)
P [
i=1
Trong do:
0 —b
m W w
b(P) — N 5(1’) — 0 _
i v i W iu
—b. b 0
W 2w mu
F(P) — ATF(O)
i P
T
cp.cp, “SP.Cp, T+ CpSp S, S, 8@, tepspcp, XB’
=spcp,  cpop, FSpsEsp —ap, Se, +808p o, Y,
-5, P8P, cpco, ZB’

Trong hé phuong trinh (26), chiéu
phuong trinh thi nhat 1én hé quy chiéu ¢ dinh
Ozy,2, ,VE‘I chiéu phuong trinh thtr hai 1én hé
quy chiéu dong Puvw , ta dugc:

= (32)
(P) o (P) ~(P) [ T(P) ,(P)) — (P)
I))o) +w,’ (I, wp)—MP

Thé (27), (28), (29) va (31) vao (32), ta
duoc h¢ 6 phuong trinh vi phan cua ban may dong:

m,t, = XBl —I—XB2 —I—XBg —I—XB4 —I—XB5 —I—XB(
Mylp = YB] + Y32 + YBz + YB4 + Y35 + YBG
myZ, = ZBl -I-ZBO —I—ZB3 —I—ZB4 —I—ZB5 —I—ZBr —my,g

I, (C;L - wv“ﬁz - u@v@“.@:) + (IM - IZJ) (s :plxpu - c‘r’f.c‘r’v“;’z)(c‘pk x;':v +ep 50, A¢z)

6
= Z[ibm (=sp.cp, + cgazsapysgal) —b, (—sp.sp, — cp.sp,cp, }] XB’
L:l
2o (ep.eo, +s050,50,) — b, (ep.50, — sp.sp,00, )|V,

i=1

6
+Z [71)!“' op,sp, +bcpcp, } Zn,
i=1

I, (r:t,aLsﬁ,/ +sp,c0, B, —80,0,p, +cpcp P b — sgolst,ay.a,bu.;,b:)

(Il-“ - 123 ) (\pr 5 ¢Z ) (7 5@, '<‘b1/ + 0P, 4,0:) (3 3)
6
E ‘bm cp.ep, b, (sp.sp, +cp.sp cp, )} X,

1

+

+

i
6
i=

6
{blw sp.cp —b (—cpsp, + sp.8p cp, )] YB’ + Z{—bm sp, —b,co o, ] Z 5
i=1

1

I, (73;,52 .@V +cp,cp, B, —ep P, 'Sbu —sp,cp, Dp, = cp,sp, .L;zv .g'ol)
+ (IJ/3 - Iﬂﬂ) (L'g' - Svu \’9~ ) (C\ﬂn '¢y + Cx’p}/sgﬁw 992)
6

= Zl:[fb”,cgalcgpv —b, (sp.cp, — Cp.Sp 5P, )] XB’
6

6 6
+Zl—bw.sg@zc¢y +b, (cp.cp, + 5p.5¢, 5, )] Y”’ + Zlbﬂ_.scpy + bmcgaysgor Z,
i=1 i=1

voii=1,2,...6.

Hé¢ 18 phuong trinh vi phan chuyén dong
cua cac chan (25) va 6 phuong trinh vi phan
chuyén dong ctia ban may dong (33), két hop voi
18 phuong trinh lién két (7), ching ta thu duoc
hé 42 phuong trinh vi phan - dai s6 mo ta chuyén
dong cua Robot song song Stewart-Gough.

Cac phuong trinh (25) va (33) c6 thé
viét gon lai dudi dang:
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M (s)3 + 'U(s,.é) +g(s)=T-J"(s)A (34
A=1[X,.Y,,Z,... X, Y. 2, ) (35)
Céc phuong trinh lién két (7) c6 dang:
f(s)=0
Trong do:

5=[8,6,10,0,:0,d,00,,6,,0,,0,0,,0,6,0,0,6,0,.4,,7,.0,.,.0,.0,¢.] (36)

Cac an cua bai toan 1a 18 thanh phan
phan luc lién két (35) va 24 toa dd suy rong du
(36). Nhu thé, ta c6 42 phuong trinh va 42 an.

2. GIAI BAI TOAN PONG LUC HOQC
NGUQC DUA TREN CAC PHUONG
TRINH VI PHAN THU GON

Céc robot song song 1a cac hé nhiéu vat
¢ cu trac mach vong. Nhu di biét, phuong
trinh vi phan dai s6 mé ta chuyén dong cua hé
nhiéu vt c¢6 ciu tric mach vong ¢ dang [8]:

M(s).§+v(s,é)+g(s):T—JsT(s)/\ 37)
f(s)=0 (38)

Goi g, € R™ la véc to cac toa do khép
chu dong, z € R™ la véc to toa dd cac khop suy
rong du (bao gém cac toa do khop bi dong va
6 thé ca toa do thao tac). Ky hi¢u:

, seER™ . n =n +n_ (39)

Trong céac phuong trinh (37) va (38), ta
co:

M(s) eR™™ feR J" (s) ER" AER’
J = %,g(s) c R”‘*,v(s,é) cR", T cR"

Bai toan dong luc hoc ngugc dugc phat
biéu dudi dang: cho biét quy luat chuyén dong

cua khau thao tac = = :B(t),w € R™ va phuong
trinh lién két f(z.q)=0.q € R",f € R". Xdc
dinh mdé men (hay luc) ciia khau dan dong
T €R™ can thiét dé tao ra chuyén dong mong
mudn ctia khau thao tac.

Y tuwong cua phuong phap giai la
khtr cac toa dg suy rong du z va cac nhan tr
Lagrange A, bién doi hé phwong trinh vi phan
dai s6 (1) va (2) vé hé phuong trinh vi phan
thudng véi cac toa do 1a cac thanh phan cua véc
to g , s6 lwong phuong trinh bang sé bac tu do
cua hé [11].

Xét cac phuong trinh lién két (38):
f(s) = f(qa ,z) =0,fcR",zeR" g € R"(40)
Gia st s luong cac toa do du bﬁng )

cac phuong trinh lién két bd sung r = n . Tu
phuong trinh (40), ta suy ra:

6f:%§s:Js (s)8s = 0 (41)
hay:
J (s)8s =T, (s)6q, +J (s)6z =0 (42)
Viét lai phuong trinh (37), ta co:
~J" (s)A =M (s)5+ 'v(s,é) +g(s)-T (43)

Chuyén vi hai vé ctia phuong trinh (43)
va nhan voi s, ta duogc:

N7 g5 = [ M (5)5 + v[s,) + g(s) 7] ds(44)

Chu y dén cong thirc (42), tir (44) ta suy
ra.

[M(s)é—l—v(s,é)—i—g(s)—rTés:OT (45)
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Mat khéc, tr phuong trinh (42), ta co:

bz=—J" (s) J, (s)éqa (46)
Suy ra:
ps= || B s 47
*=lox | T ()0 (5% 47
Néu ta dua vao ky hiéu
J— Ena
R8)=| 5 (o). (s )
thi phuong trinh (47) c6 dang:
8s = R(s)dq, (49)
Tur (49), ta suy ra:
$=R(s)q, (50)

Thé biéu thirc (49) vao phuong trinh
(45), ta dugc:

T

[M(s)§+v(s,é)+g(s)—7 R(s)éqa =0"(51)

T .

Do 6q =|dq; 645 ,...,8¢" | 1a céc bién
phan doc 1ap, nén tir phuong trinh (51), ta suy
ra:

R’ (s)[M(s);e:Jrv(s,s)Jrg(s)—r] =0 (52)

Phuong trinh (52) c6 thé viét lai dudi
dang:

R’ (3)7' =R' (s)[M (s)s + v(s,é) + g(s)} (53)
Tur (48), ta co:

T

R’ (s)7=[E, .~ (J.(s)],(5))"]

=T -6, . (54)

T
z

Thé (54) vao phuong trinh (53), ta
duoc:

T = RT (s>[M(s)s + v(s,s') + g(s)]+(J;1(3)Ja(3))TTZ (55)

Céc budc gidi bai toan dong luc hoc
nguoc dua trén cadc phuong trinh vi phan thu
gon vé céc toa do tdi thiéu:

Budc 1: Giai bai toan dong hoc
nguoc. Cho biét m(t)vé f(a:,q) =0, tinh

s(t),5(t).5(t).

Budc 2: Tinh cac ma tran
J, (s),Ja (s),J;l (s), R(s),M(s),v(s, $),9(s).

Budc 3: Tinh cac mo men (hay luc) cua
cac khau dan dong theo cong thire (55).

3.MO PHONG SO BAI TOAN PONG LUC
HOQC NGUQC

Cho biét vi tri toa do cac chan A, trong
hé quy chiéu ¢6 dinh:

a, = [2.120, 1.374, 0] :a, =[-2.380, 1.224, 0] :a, =[-2.380, -1.224, 0]
a, =[-2.120,-1.374, 0] 1a, =[0,-.15, 0| ;a, =]-2.380, -1.224, 0]

Vi tri toa d0 cac chan B, trong hé quy
chiéu dong Puvw gin lién véi ban may dong:

b, =[0.170, 0.595, -4 :b, = [-0.6.0.15, -0.4] ;b, =[-.6,-.15, -4]
b, =[170,-.595, -4 ;b, = [43, 445, -.4] 1B, =[43, 445, -4]

Khdi lugng va kich thude cac khau cia
moi chan: m,= 1,5 (kg), m, = 0,1 (kg), m,=0,1
(kg), ¢, = 0,5 (m), ¢, = 0.5 (m).

Ma trén tenxo quan tinh khoi:

008 0 0 0.00625 0 0
I"={0 008 0 (kgm?);1) =| 0 000625 0|(kgm’);
0 0 008 0 0 0

0.00625 0 0
)= 0 000625 0|(kgm’);g=9.807(m /s

0 0 0
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Truong hop 1

Trudng hop 2

Ban may chuyén dong tinh tién doc theo truc z,

Ban may chuyén dong quay quanh truc z,

T, —1.54+0.2sin wt

Ty = |Yp| = 0.2 sin wt (m)7
2p 14 0.2sinwt

w= 3(7’ad / s),

0<wt<2mo, =¢,=¢ =0

z, —1.5
T =Yp|=| 0 |m;
z 1

P
¢, = ¢, = 0,0, = 0.35sin wt;
w=3rad /50 < wt <27

Theo thut toan trinh bay trong phan 3,
ta xac dinh cac luc phat dong nhd phan mém
MAPLE. Cac két qua tinh dugc trinh bay trén
cac hinh 5 va 6. Trén hinh 5 1a cac luc phat
dong Gng véi truong hop 1, con trén hinh 6 1a
cac lyc phat dong g voi truong hop 2.

4 t ,10’25‘

0
0 20 40 60 80 100 120 140 160 180 200

Hinh 5. Cac lyc phat dong vng voi truong hop 1

. t10 s
0 20 40 60 80 100 120 140 160 180 200

Hinh 6. Cac lyc phat dong vng voi truong hop 2
Chu y rang, cac két qua mo phong trén
cac hinh 5 va 6 trung véi cac két qua trong tai
lidu [7].
4. KET LUAN

Robot song song ngay cang dugc su

dung nhiéu trong k¥ thuat co khi, trong y sinh
hoc. Vi vay, viéc nghién ctu dong luc hoc va
diéu khién robot song song 1 bai toan thoi su
hién nay. Trong bao cao nay da sir dung phuong
phap tach ciu trac va phuong trinh Lagrange
dang ma tran dé thiét 1ap phuong trinh chuyén
dong cua robot song song Stewart-Gough, sau
d6 da tién hanh giai bai toan dong luc hoc nguoc
robot song song Stewart-Gough. Cac két qua
md phong phtt hop véi cac két qua mo phong
trong tai lidu [7]. Nho phuong phép tach ciu
trac, viée thiét 1ap phuong trinh chuyén dong
ctia mot co cdu khong gian phirc tap tré nén rd
rang va kha thi. Phuong phap tinh toan cho mé
hinh robot song song Stewart-Gough c6 thé ap
dung cho cac md hinh robot song song khéc. <+
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