MO HINH TOAN HQC ROBOT MOT KHAU PAN HOI
1. Mé dau

Hé tay may c6 cac khau dan hoi dugc st dung chu yéu trong cong nghé khong
gian, trong cac 1o phan (mg hat nhén, y té ... Tinh linh hoat, khdi lwong nho, toc do cao,
mirc do tiéu tén nang luong thap 1a nhirng uu diém vuot troi cua lop tay may dang nay.
Tuy nhién, do c6 thiét ké dén tinh dan hoi cua cac khau ma van dé dao dong, tinh 6n
dinh, chinh x4c vi tri, van tdc... tré nén kho xac dinh. Chinh vi vay viéc mo hinh toan
hoc gén véi thue té dong vai tro hét stre quan trong dé diéu khién co hé. Pi c6 mot sd
nghién ctru nham giai quyét van dé nay nhung con chua dy di va chua mang tinh tong
quat hoa do tinh phurc tap ctia hé théng. Tokhi [1] dua ra Iy thuyét va ap dung dé phan
tich dong luc cua tay may mot khau dan hdi véi mo hinh toan hoc duoc xay dung dya
trén phuong phap phan tir hitu han. Kou va Jin [2] di dé cip dén viéc diéu khién canh
tay robot dan hoi cach sir dung luat md va phuong phap nhidu loan don 1é. Mot mé hinh
co cAu v6i ca hai khiu dan hoi di dugc nghién ctru trong [3] bang cach sir dung cong
thirc Euler-Lagrange két hop va phuong phap phuong phap gia dinh. Gavriloiu [4]
chung minh rang 1y thuyét diéu khién tuyén tinh noi chung khong thich hop cho hé
thong thao tac voi khau dan hoi. Mit khac, ¢ rat nhiéu nha nghién ciru tip trung xdy
dung truong trinh diéu khién bang cach t6i wu tham sé. Tang va Sun [5] d3 sir dung
thudt toan mang than kinh dé kiém soat vi tri dau ctia mot tay may dan hdi. Becedas [6]
d3 gioi thiéu mot phwong phap méi (GPI) dé diéu khién canh tay robot dan hoi bang
mot dong co thong thudng voi bd truyén dong banh ring bi anh huéng manh boi mo
men ma sat khong tuyén tinh. Nghién ctru nay dua ra mot mé hinh toan hoc cho robot
c¢6 khau dan hoi str dung phuong phap phéan tir hitu han dira trén phuong phap Lagrange.

2. M6 hinh dong luc
2.1. M6 hinh phin ti hiru han

Trong bai ndy, ta xét mot robot mot khau dan hdi chuyén dong trén mit phang
nam ngang nhu trong hinh. 1.
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Khi chwa bién dang khau 13 mot thanh thang

Trong d6 ta c6 cac ky hiéu: x0v : Hé quy chiéu ¢ dinh; X 0Y :h¢ quy chiéu gin
v6i khau mot; @ Véc to xac dinh tr O, t6i phén tir thir j trén hé X0Y,; n, : Véc to tu
O t&i phan tir thir j trén hé X0V ; 7: Véc to tir 0, dén diém cudi khau trong hé X0Y;
r,: Véc to tr O dén diém cubi cua khau trong hé X0V ; g,(t) : gbc quay tai O gifra
OX va 0X; r,: md men cua dong co; p (kg /m’), E(N/m*), I(m") : khéi luong riéng,
mo dunYoung, m6 men quan tinh dién tich cua khau; L (m) ,h(m), b(m), A(m’): chiéu
dai, bé rong , dién tich mat cit cau khau; I,(kgm*) : mO men quan tinh dong co; m (kg):
khéi lugng tai trong tai diém cudi; J (kgm®): mO men quan tinh tai trong; w(z,1):
chuyén vi dan hdi cua phﬁn tr j voi toa do (z,,y,) trong h¢ x0Y; N (z,),Q,(1),¢,(x,),0 "
ham dang suy rong trong ly thuyét phan tir hiru han, vec to chuyén vi dan hdi, ham dang
va chi€u dai phén to thtt j; w,_,u,,u, v, ,: chuyén vi dai va chuyén vi goc tai diém
dau va diém cubi phan tir thir j; » : sb phan tir ciia khau; 7,P,M K, : dong ning dan
hdi, thé nang dan hoi, ma tran khéi lugng, ma tran do clirng cua phﬁn tethe k; 7, M, :
dong ndng va ma tradn d cung clia motor; T.M,: dong ndng va ma tran d§ cung cua
tai trong; 7,,P,M,, K, : dong nang dan hoi, thé ndng dan hoi, ma tran khoi lugng, ma tran

dd cung cau toan hé

Tdéng chuyén vi dan hdi ctia phan tir thir j trong hé X0

w(@,51) = N, (2)@, (1) (1)

7

Trong d6 N (z),Q (t) cho boi:

N(z)=[¢(z) ¢(z) 4(z) ¢(z)
v )
Q/(t) = [u2j—1 u?/ u2]+l u2]+2]
Voi:
¢ (z;) = 1—l—z+l—3;¢2(%) =7, _Z_+l_é;¢3(mf) = ?_?;¢4(xj) e (3)
J J J J J J J J
Véc to 1, trong hé 0, XY, c6 dang:
(-l +z,
o @
Ma tran chuyén 7' tirh¢ X0Y, sang hé X0V :
7 [ 5)
sing,  cosq,

Véc to toa d6 phan tir tht j trong hé OXY cho boai:



Ty = TOITU _ l:[(j - 1)l‘7 + gc]}cosq1 —w, (J/‘J) sin q1:| (6)

TG - DI+ ]sing, +w (z,)cosgq,
Vay ta c6 véc to dinh vi di€ém cuoi khau :

R liLl €OS¢q, —4,, ., S qul

,rm 0 1

: (7)
L sing, + Uy, 1 COS G,

2.2. Dong nang cua hé

Dong ning téng thé cua hé 1a tdng dong ning dan hoi cua tay may, dong ning
dong co va dong nang tai trong :
T =T +T, +T ()

dc

Pong niang dan hoi cua khau 1a tong dong ning cia cac phan tir cua khau:
T, = 2T, =X S OLOM, 0,0 = 20 (OMG, (1) Q)

Trong d6 7,, la dong nang cua phan tir the j va duoc tinh boi cong thic:

2 T
1y arﬂlj 1 57“”1/ aTOIj
T,=50 pf“{? S W el (10)
Ta c6:
87;)1_7' _ arou . arﬂlj . ar()lj . 8761;' . arou
o = P q t 2 Uy, 4 3 Uy, + Py Uy P Uy iso
49, u2j—1 u?j u2_7'+1 u2j+2
9,
or or or or or %‘1
_ 01 015 015 015 015
- 2
aql 511,2] 1 au?] au2j+1 au2j+2
2j+1
2j+2 |

|
1
&)
Q|
=<
[
(.}
=

11
Ql/ = |:q1 u? j-1 u?_y UZ/H UZ,/+2 :| ( )

Q1) 1a véc to toa do suy rong cua ca khau:

T
Ql (t) = |:q1 ul u? v U,in -1 u?rr,l 'U,an +1 u?n,1 +2 :| (1 2)

Trong d6 u ,u,;u, ,.u, ., are bién dang dai va goc quay tai diém dau va diém cudi khau

+17 V2n, +2
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Viy dong ning phan tir thir j 1a:

or’ 5 " [ 8
1 4 01 rOl' 7[]1 s
T =—|'pA|—— pAlQ { ]}Q.dx
1j 2 0 1 |: aqk aqk } .[ 1 1j a aqk 1j J
or’ [ on, o Mon ], |
=5) lAlQl_} 5 8(]' Qlj j :_Qlj ,[0 1‘41 oq 5(]‘ dwj Qlj
3 k 3

1. )
_EQIT/'MUQU

_ or’ \[or,, .
Trong do: M, = ﬂ’ oA { 6(;[ M&} dx;
k

oq,

Ta co

o, ~ —(j - 1)lj + xj]sin q - N]. (.TJ)Q] <7f)cosq1
ﬁ B (5 - 1)lj + :Ej]cosq1 — Nj (:Ej)Qj (t)sinq1

1

—C'sinq, — Dcosg,
| Ccos q, — Dsing,

T
= —0“] = [—C’ sing, — Dcosq, Ccosq, — Dsin ‘JJ

T

or or

w { amj {&} ( —Csing, — Deosg, )2 + (Ccosql — Dsing, )2 =C*+D’
q, ]

Véi C=[(j-DI,+x,}; D=N,(x,)0,(t)
Taco M, (1,1)= plAlLl" {[[(j—l)lj +x 1]+, (x)0, (t)]z}dxj

3/ =3/ +1 ,
3 Z.f

J.: [N/ (x-f)Q-f (t)]zdx/ - J.;/ 0", (t)N7, (x/)N/ (x.i)Qj (¢)dx,
=0, (t),[: N, (xj)Nj (xj )dfoj (t)

156 221, 54 -13,

L pAL| 221, 4 131, =31 | pAl
Laico |'NT (x. )N (x )Jdx, =—"1L J i j i|Z Ny
' .[0 (5 )N, (x o, 410 | 54 13, 156 221, | 410 '

~131, -3 221, 4P

Trong do: ['[[(j -, +x,]] dx, =




Vay
156 22/, 54 —131,[u,,
! 2 pAl 220, 4 13, 30 || w,
o[ ()0, ()] ey =Tty vy g ] ) 13,156 22 | u,,,
—131, -3 220, 4P |u,,,
3/2-3 +1; pAl
M, (11)=p 4 J 3’ ! fQ MO
P4l 2
M, (L1)="22 H[140(3/2 -3 +1) 2 +0" M,.Q", |
d ¢ |x. |sing o !
Ta 6 7'01/ 1( /) 1 :>|: 7"01]} |: ¢1( )Slnql ¢1( )Cosql]
Uyja A (x_j)COSQ1 au2j 1

%) 0
:>|: ”'01] } |: 1’01/ :|:¢12 (xj)
a7"2/71 ou, -1

. I, 3x2 2x° ’ 13
Vay M,, (2a2) = plAIJ.O # (xj)d = P4, I ( 12‘ Z;j ] dx; zgplAll

or, 0
{ aol, } {arou } = (—CSin q, — Dcosg, )(—;751 (x/.)sin ql)+(Ccosq1 —Dsin q1)¢1 (x/‘)cosq1
q, Uy '

3sz 2x°
=C¢1=[(j—1)lj+xj]( ’ "J

23
G

Lo 3x7 2x° 10j-7
M, (1,2)=M,; (2,1) = pA [(,—1)zj+xj]( N +1_3.JJJXf -t

J J

arOlj B —¢, (xj)Sin q9, 87/01]_ r ~ '
% B [ ¢2 (xj)COSq1 ] - {%] - |:_¢2 (x.i )Sln q9, ¢2 ('x_j )COSql]

T
or,, . or.. .
RS
Uy, Uy

2
I 2% X I
= M,,(3,3)=p4, /[xA S— +—2’] dx, = p A ——
" Il T 105

ory 1@ 2
{—r} SO |2 gy =[G, +x, ]| x, -l L
0q, Ou,, L
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b 2x7 X 5i-3
:>M1/(1’3):Mu(3>1):plAIIO [(G =D, +x./](x-f B lj +l_;]dx-i =p1A1J6—0
j J
or. | —#(x;)sing a1
o1, _ 3( J) 1 3{ ”01;} Z[—¢3(x/)SiHQ1 ¢3(x/)COSq1]
au2j+1 9, (xj)cosql a1"2,+1 '
T
- Or, ; Ory; _ g (x)
a1"2j+1 a1"2j-¢-1 ’
3 20 13
X, 2x;
M,;(4,4)=pi4 f ( z%j] dv; = pid 35,

Orpy; Orpy, 3x7 2x)
=C¢, =[(j-DI +x,]| =-——*
|: aql j| |:6u2]+1 ¢3 [(] )j xj] l/z 1/3

Lo 3x° 2% 10/ -3
:>M1‘/.(1,4):Mlj.(4,1):p1A1J.0 [(J_l)l./”/]( I?‘/ - 13../ de./ =P1A12—()lf

J J

Oy [—¢4( )sm ql]:{ Oy } [—¢4(xj)sin 4 ¢4(xj)cosql]
X .

Oty . ¢4( )cosq1 Oty 5
- {airi; ] {ai?; } =i (%)
F;;y} {ai?::j en-o-m -3

3
, 5/-2
:>M1j(l,5)=MU(51 plAI [(j =D, +x](l_; Z_dej :plAl(_ 60 jj
J

] [t a2

3x 2% 2x0 X
= ¢1 (t)¢z (t) = (1—1—;+Z—31J[xj —I—J+Z—ij
J J J J



L 3% 2x) 2x7 X 11
M’03>AAA&%=A4L(‘7%+7%K%‘z’+ﬁ}i Ty

J J

Oryy, Oy, I i —¢, (xj)Sinql
{6”21-1:| laum} [ ¢1(x‘,)smq1 ¢1( )cos%][ ¢3(x].)cosql
3 20\ 3xF 2x°
s[5 -2
J J J
3 2 3 2
Ml./(2’4):M1_7(4’2):/71A1J. (1—%+ ; J[; ; X, =pd, 7901./
0y, Oy, _ . 4 (x.i ) sing,
Luz;l:l {8%;2 :I —[—¢1 (xj)sm 4 ¢ (xj)cosql][ 4 (xj)cosql ]

3x? 2x ’ xf
=amao#@—ﬁ ,3ﬂg-7J

{%] ] { - } =~ (x )sina 4:(x, )cosql][“f”s () )sin ql}

ou,, | | ou,,,, #,(x,)cosg,
{25 2%)

M, (3.4)=M,,(4.3)=p 4’ (xj - 2;? 7 J[S; 2; = P4, 41230 P

o s

I 2x X\ x X2 1
My (3,5) = M, (5.3) = pA (xj -2 +Z_;][l_;_l_(}xj i (_mjz_;
J J J J
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{Grm/ :l { Oy ; :lz[_¢3(xj)smql 4 (xj)cosql] _¢¢4 (xj)sln%
| X

a“z_m du, 42

3 26 \(x X
a0 -2 2-2)

J

3x 2 \(x2 X° 11
R R e R e
: ; ,

Ma tran khi luong cta phan tir tha j:

B 200 2 . T T . 2k .
40E(37 =37+ 1)+ Q" M.Q",  21(10j-7) TE(5j-3) 211,(105 - 3)
pAl 21@ (105 -17) 156 221, 54
L =—" (55 - 3) 221 477 131
J 420 J J J J
211 (105 - 3) 54 131 156
ST (55 - 2) -131 30 221
L J J J J

C6 thé viét dudi dang:

M, = Mlj
j=1
T, 6 thé viét dudi dang ma tran:
1 .9 1 o .
Tdc = Ethl (t) = 5Q1 (t)Mch1 (t)

Trong do6:

L0 0

00 . .0

Mdr, = 0
0 0

Pong nang cua tai trong cho boi:

2
L Tar Lo L ¢
T;) = Emp |: a(: (l t)} 2 ( 1 + u2711+2 )2 = EQII (t) PTQ1 (t)

Trong do:
mI+J 0 mL J
3 pl
0 0 . 0
M = 0
m L, 0 m, 0
J 0 0o J

20k - T
T (5j —2)

-131.
J
-31]2
-221
J
ar
J

(13)

(14)

(15)

(16)

(17)

(18)




Thay vao (8) tong dong ning cua hé 1a:
1 -p .
T =2Q MO ) (19)

Trong do:
M =M +M,+M, (20)

2.3. Tong thé ning dan hoi ciia hé

Thé nang tong thé cia hé 1a tong thé ning dan hoi, thé nang dong co va thé ning
tai trong :

P = %P, =Y 500K, Q. (0 = 5 (OK,Q, (1) @1

Trong do:

1 2 2
VAL oz’ ox’

o [ew @] L[N @]
p=iiEr {—WJ(% t)]dx] =% "B, {—”(m-’)QI-’(t)}dx] =%Q§(t)KUQU(t) (22)

Vi K, la ma trén dg cimg cua phan tir the j:
0 0 0 o0 o
0 12 61 -12 61
Eljl g ;
Kljle 0 61 4 -61 20 (23)
0 -12 -6/ 12 -61
0 61] 21> -61 4

Ma tran d¢ ctiing téng thé cho boi:

K =YK (24)

2.3. H¢ phuong trinh dong luc

Hé phuong trinh chuyén dong ctia co cau tay may mot khau dan hoi duoge thiét 1ap
bang phuong phap Lagrange voi ham L=7-P, véc to toa o suy rong Q(t) véc to tai

trong ngoai £ [z, 0 0 . . . . OT. Hé phuong trinh c6 dang :
i(aL}]_aLl _F (25)
at\0Q, ) 4Q,

Xét hé c6 can, hé phuong trinh dao dong tr¢ thanh:
MG, () + DR, (1) +K.Q (1) = F(1)

Trong d6 D, la ma tran can:
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D, =aM, + BK, (26)
Véi @, 1a hé s6 can cta khau.
2.4. Diéu kién bién
Ta xét hé tay may 1a mot phan tir: n =1j=1. Piém dau cta khau gin chit voi

d6ng nén ta c6 chuyén vi dai va chuyén vi goc 1a bang khong khi gan v6i hé ox . Boi
vay u =0,u,=0.

Str dung diéu ki¢n bién ta c6 ma tran khoi luong va ma tran do cing trd thanh:

(140L + Q" M.Q" )+, +m I} +J, 14TS.L +m L 218, +J,

M, = 1478, L, +m L, 1565, +m, 228 L, (27)
2181 +J 228 L 48,0 +J
P 171 171 P
P U
K, =—t! 12 -6L (28)
L g
110 6L 4L

Va véc to toa do suy rong va luc suy rong cho boi:

Q0 =[a,0) w@ w0O] (29)

Véi D, =aM, + K,
Lay o =3.2; 8=0.00005

Viy phuong trinh dong luc miéu ta chuyén dong cia tay may mot khau dan hoi co dang
ma tran nhu sau:

MQ,(H)+D,Q,() + K,Q, (1) = (1) (30)

3. Két luin

B4o c4o nay, tac gia trinh bay mo hinh toan hoc cho robot c6 khau dan hdi chuyén
dong quay dua trén mé hinh dim Euler — Bernoulli va phuwong phap phan tt hiru han.
Hé phuong trinh vi phan chuyén dong cta co hé c6 duge nho phuong trinh Lagrange
loai 2. M6 hinh toan hoc nay 13 co s& quan trong dé giai quyét cc bai toan tiép theo
nhu dong luc hoc thudn, dong luc hoc nguoc va diéu khién.
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