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. NGUOTMAY PHONG SINH
"~ VA MO HINH DONG HOC DANG TONG QUAT

NGUYEN THIEN PHUC

1. MG DAU
_ Khi nghién ctu cic loai ngudi méy, ngudi ta cé xu hwémg bit chuéde co ciu hoat ddng cda
ginh vit. Pon giin nh&t 1a co ciu 3 khép truc quay (QQQ) bt chwde co ciu tay ngudi va goi Ia
cor ciu phdng sinh (Anthropomorphous Mechanism). Trén co s& ciu tric {QQQ) niy hinh thinh
nhidu loai ngudi miy ndi tiéng nhw IRB-6 cia Thuy Pién, Puma vi Cinginaty T3 cia M§, Kuka
cda CHLB D¢, Armstar vi Scara cda Nhit. TYP-10 cda Nga v.v...

Tuy nhién nhitng co cln niy 43 mé phéng tay ngudi & mic don gidn héa t8i da. Bian thin
tay ngudi cé d8n 27 bic ty do. Phén Ioai vE ciu tric ¢o cfu va phwong phip x3y dung mé hinh
ddng hoc cla chiéng cé thé xem & [1).

Trong bii nay xiy dumg md hinh d9ng hoc dang tdng quét, cé thé dip tng yéu ciu khi nghién
céu d6i véi nhitng so 49 co cfu phire tap cda ngudi mdy phdng sinh, vi du nhw hinh con rin (2],
ciing nhw véi cic so d5 co ciu phdng sinh thudmg ding d4 don gidn héa néi trén; c6 thé ding cho
cic so 4B xich ddng ndi ti€p vi cd cho xich ddng song song; ¢é thé phit hop cho cic hé toa 43 khéc
nhau. Pdng thoi xdc 14p céc thuit todn gidi bii todn ngwoc véi trwdng hop téng quét cling nhy
d&i v6i chc trvmg hop riéng

2. KHOP DONG CO SINH VA MO HINH DONG HOC

Trén hinh 1, co ciu ngwdi miy gdm nhidu vit thé d4nh s t¥r 1 (gin véi gig ¢§ dinh) cho
dén n (gin véi ban kep). ndi véi nhau bing cédc khép ddng (vé nét dit). Cdec mé hinh hién hinh
thudng xiy dung d6i voi cdc khép d6ng tinh ti€n T holdc khép quay Q (khép Fs).

Hink 1. So d5 cdu tric
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Hinh 2. Khép @dng co sinh

Ta goi m&t khép ddng ndi lign hai vit thé £ vi ¢ — 1 nhuw trén hinh 2 13 “khép ddng co sinh”,
Né gdm 6 thanh n8i tinh tién T; (j = 1 — 6}, nhuw nhirng ddy co trong cic khép xwong cda sinh
vit. Hai dBu cdc thanh T; 1d cdc khép chu (khép Ps) ndi véi vat the ¢ (khép Cj;) vi vat thdi—1
(khép Cji-q)-

Néu didu khién cho cdc thanh T} thay ddi chidu dAi (ttc I3 ¢6 sy chuyén dich tinh tién) theo
mét cich thitc nio d6 thi cé thé tao nén cic chuyén ddng twong d&i gifra vat thé ¢ d8i véi vt thé
i — 1 theo nhidu phwong khic nhau. Cé thé hinh dung nhw cdc diy co co kéo tao cho khép xwong
chuyén déng linh hoat,

Gin toa d6 O;z;y;2; voi vat thi ¢ va toa 88 Oz, 1y 12,1 v&i vit thé thir 7 — 1.

Diung phwrong phép ma trin thuin nhit 4 x 4 3¢ chuy@n hé toa dé tir i sang ¢ — 1:

ricy=Miry (2.1)
v
= (xir Y, 20, l)T (22)
ricy = (Tie1y Yim1, 2im1, )T (2.3)
R | R
M=|-- =]- —- (2.4)
0 | 1

Ma trin khéi M; gbm R; I3 ma trin quay 3 x 3, ma trin khéng 3 x 1, ma trin dom vilx 1
vd P, 1d ma trin 8 x 1 bi€u thi sy di chuyén géc toa 48

P= {30|‘;y0€3201')r (25)
Ma trin quay B; bidu thi sw quay twong d8i cda toa 46 ¢ so véi i — 1. Néu phan téch vide
quay niy thinh 3 ddng tdc quay co bn bidu thi bing 3 ma trin 3 x 3.
R: 4 - hé ¢ quay quanh tryc O;_;z;-1 mft géc ¢

R, . - hé i quay quanh truc O;_;y_; mdt géc ¢
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R, - hé ¢ quay quanh truc O;_12;—1 mdt géc §

Ta cé )
1 G o
Repw=|0 cose —sinw (2.6)
10 sina  cosa |
7 [ cosp O sincp- S R :
R,,= 0 1 0 (2.7)
[—sing 0 cosp|
cosd —sinf 0
R,p=|sind cos§d O (2.8)
0 -0 1
va
R; =Ry g Ry -Rip (2.9)
Gin hé toa 43 o, yo, 2o v6i gid c8 dinh v he toa 43 ¢ véi vat thdi (2 = 1,2,...,n). Ha toa-

48 n gin lién v&i ban kep.
Nhw viy d@ khdo sit trong hé toa d6 sy chuyén dong cda mot diém A; ndo 4 bleu thi trong
hé toa d5 ¢ bing véc to r; ¢ thé ding mé hinh déng hoc sau:

g = Ml.Mg...M,;,r" - (2.10]

Tir d6 vin t8c va gia t8c chuyén dich dwoe xéc dinh béi 7o vi Fo.

3. CAC TRUONG HQP RIENG

Phuwong trinh (2.10) md t4 cic quan hé d9ng hoc & dang t8ng quét d8i véi co cdu ngudi miy
véi cde khép ddng co sinh (hinh 2) bdi v tir ddy cb thé suy ra tat cd cdc truwdmg hop riéng khic:

1. Céc khép ddng co sinh c6 thé don gidn héa thanh khép truc quay Q (khép Ps) néu chitu
dai edc thanh néi T; déu bling khdng. Nhw viy, khép ciu C;; tring véi khép ciu Oy ;) va néu
khong ché chi cho quay quanh mét truc, vi du thudmng chon truc #;, lic ndy di tring véi z- ;.
Khi 46 so d5 ngwdri mdy 13 mét co ciu khép quay (khép truc quay Ps) vi phueong trinh déng hoc
(2.10) pht hop véi cdc mé hinh quen biét [1, 3] theo quy tic xiy dung cic hé toa d nhir sau:

Truc z; tring véi truc quay khép dong ndi khiu ¢ va khiu 2 + I; Truc z; ndm trén quwing
vudng géc chung gifra hai truc quay va hwéng t¥ z;41 dén z; Truc y; 1a truc thi 3 cda hé toa 48
phii vi vudng gbc 2y 2. '

2. Cé4c khép ddng co sinh ciing cé thé dom gidn héa thinh khép tinh ti€n thuln tdy néu
khéng cho ton tai cdc kho’p ¢du Cj; va Cyiy (hmh 2).

3. Truwdng hop hdn hop 13 co ciu ¢6 mét s8 khép trd thinh khép truc quay Q vi mét s3
khép tré thanh khép tinh tién.

M6 hinh déng hoc cda 3 trwdmg hop néi trén 13 nhimg tridmg hop ridng’cda ma hinh (2.10)
véi cdce ghi cht d3 trinh bay. Nhiu cdng trinh (xem [1, 3]) d3 nghién ctru gié.i cdc bai todn thuin
vi nguege vé ddng hoc ngwdi may cho cdc trucrng hgp trén.

Trong bii toin ngwoc yéu ciu xic dinh cic thong s8 didu khién trwéc het 13 @€ dam bio qiy
dao cia ban kep. Trong nhiu trudng hop khéng phii dé ding tim dwec 1¥i gidi. Nhitng trudng
hop dwéi ddy céc bii todn ngwge dwye gidi quyét nhanh chéng, nén rit thujn tién cho viée ditu
khién.

4. Trwdmg hop co ciu chi c6 mdt khép ddng co sinh (hinh 2} c6 thé c6 nhidu dng dung thwe
t€. Vi du: trwdmg hop hé thdng gin véi vit thé ¢ cin chuyén dong d8i véi gid (vt thé 7 — 1) mét
cich hét siec linh hoat nhw dit trén mét khép chu mi didu khién dwgc theo ¥ mudn.
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Trong trwimg hop niy cic vi tri vi dinh hwéng cda vit thé ¢« dwoc xde dinh bing 6 didm Cis
cdc véc to ban kinh r;; trong hé toa d§ O,z,y, 2 vi trong hé toa d6 O; 12 (%121 bidu thj
£ c4c bin kinh vec to rj;_y. Trén co sd (2.1) ta c6:

rie1 = Mirj; c (3.1)

Tii—1 = (%’i—lyji—xzji—l, 1T (3.2)

Trong hé toa 46 O;_17i-1yi—12i—1 niy vi trf cic diém C;;_, dwoc xic dinh blng céc toa dd

—13 yge 1 va z:,;-—l
Chiéu dai cdc thanh ndi tinh tién T; (7 = 1 — 6) s& dwoc xéc dinh bing cdng thu‘c san

- _ — T 1/2
Lyi = [(Bji-1 — #50-1)% + (jim1 — ¥4-1)% + Frier — 250-1)°] / (3.3)

Hinh dung cic thanh ndi T; 13 cdc xy lanh thdy lwc hode khi nén vi cdc chidu dai Ly; (7 = 1-6)
1 lifn véi cic thong s3 digu khidn chuyén dong theo yéu chu.

5. Cé n.hi'rng traedmg hop riéng xuit phit tir truwdmg hop thi 4 vira khio sit trén. D6 13 khi

: vt thé 7 13 cie tim phing

- Truo'ng hop z; = 0 vi chc difm G',,1 phin bd tren mit phing O;z;y;. Diy I mdt co cin
Bng gian gdm t&m phing ndi v&i gid bing khép c3u & 2 diun cda xy lanh - pisto. Cac xy lanh
y khéng ghép ndi tiép véi nhau, nén d5i khi goi 13 ghép song song, mic di trong thue t& ching
rong dat chéo nhau.

- Trwomg ho'p tim phing ¢ nim trong mit phing, v{ du ndivéigidd—1 bang cdc xy lanh néi -

{f=1-3) cling phan b8 trén m3t phing niy thi trd vé trudmg hop co cfu phing ghép song
Ag.
Trong trudmg hop niy cic cdng thirc trén 88 don gidn di nhi€u v 2, =0, z;,-1 =0 vima
in R; chlcon 1d Ry xem (2.6)
6. Trwdng hgp tdng quit nhdt 13 ngwdi méy phéng sinh, ¢4 hinh déng irwong tu hinh 3.
Ngu®i may cé loai may c6 the dwa ban kep dén moi nei, mei huéng véi nhitng cdu hinh bis
- trong ving lam viéc c6 nhidu chuémg ngai.
Mat phwong- 4n k€t ciu v&i 30 bic tr do di dwoc ché thir, lip 44t & V1en nghlen cirn méy
atscova (2] vk 4@ nghién céu né di ph?n ding mét ¢dng cu riéng, goi 13 toa 45 1.

Hink 8. Ngudi miy phéng sinh § X 7 bie tr do
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& day ching ta ding mé hinh déng hoc dang tdng quit (2.10) v&i cich b tri cdc hé toa dd
nhu trén hinh 3: Hé toa &5 ¢8 dinh zoyoze gin lidn véi gid; Cdc hé toa d5 tiép theo gin litn véi
cde khiu 1,2,..., n; Hé toa 36 cufi cing Z,Yn 2, gin litn v&i ban kep véi truc 2, huéng theo truc
ban kep, truc y, theo hwémg déng mé& cla bin kep.

Trong hé toa 48 z;y;2; nio 48 t4m O, cda bin kep dwoce xde djnh bing bén kinh vec to p.

p= (p1, P2, p3, 1)7 o (3.4)

vi dinh hwémg clia ban kep dwye xic dinh bing 3 géc Euler «, A, + hodc 3 vec to chi phuong [,
J, K cda 3 truc ..f-:,,'_f;“z,l B&ivi I, J, K 1A cde véc to dom vi vi vudng géc véi nhau ting d8i mét,
cho nén trong 88 9 thinh phin cfia ching chi ¢6 3 la tBn tai déc la.p -

Goi § 12 vec to suy rong 6 thinh phin biéu thi cho dinh vi v3 dinh hwéng cda ban kep trong

khéng gian:

ﬁ= (plrp21 p3?a:ﬁ)7)r ] (35)

Cic vec to p va P d%u 13 ham s8 cia cdc théng s8 diéu khién, & diy 14 L;;, tuwong tuw (3.3)
p=F(Lj), (3.6)
= F(LJ,) (3.7)

Cic cdng thire (3.4) - (3.7) d4 x4c 1ip trong hé toa 48 z;y;z;, khi ¢ = 0 ta cb chc cong thire
twong ty xét trong hé toa 48 c8 dinh zoyozo vi khi ¢ = n - 1, trong h§ toa dS gin LiEn véi khiu
trwdc ban kep

4. TRINH TU GIAI BAI TOAN NGUQC

Nhidm vy cda bii todn ngwge L tinh todn cic bd thong s§ didu khién Ly theo cic yéu ciu

v& dinh vi vi dinh hwéng ban kep. Khéng nhitng thé, & diy cdn cé cdc yéu clu cho trwdc v& ciu
hinh & ting thdi diém, tc 1a cdc hé toa A3 5;y2; cin dinh truée trong khéng gian zoygzo.

Trinh tw gidi bai toin ngwoc & diy cb thé bit diu tir vidc 4inh todn b théng s& didu khién
L;; 8 dim blo y8u ciu dinh trwdc d6i véi hé toa 45 z1y12;. Tiép theo dd ti€n hinh tinh bd
théng 38 didu khién Lz v3 cf thé tinh ddn bd thong 58 ditu khién L, d¢ dim bio yéu ciu dinh
trwede d8i v&i hé toa 48 T, Y, 2,, tic 13 ddm blo yéu ciu v& dinh vi va dinh hwéng ban kep.

M&Zi bwéc tinh da tién hinh nhwe 4% 1im 461 véi trudng hop thi 4 d3 xét & trén, tic 13 tinh
theo cong thic (3.3).

Pé&i v&i co ciu ngedi miy phéng ginh ¢é § X n bic t do (vofi 7= 6) mic diu viée tinh todn
ncu trén 13p lai 6 X n Iin véi mdi thii diém nhu'ng a6 chi 13 viéc thay s3 vio céng thirc (3.3) nén
vin dim blo dwoc thoi gian thye trong didu khidn.

5. KET LUAN

Tém lai, trén diy 44 xiy dung md hinh ngwdi méy phdng sinh véi cic “khép d6ng co sinh”,
P4 13 ngudi may phdng sinh & dang chung nht, bdi vi cde dang co ciu khic d2u cé thé suy ra
tir diy nhw cic trwdng hop riéng. Twong dng md hinh déng hoc & diy cling 13 dang tdng quit.
Thujt todn dé gidi bii todn ngwge cho truwdmg hop ngudi may phdng sinh n bic tr do dwoe tién
hinh theo phwong phép gili tich, nén rit thuin tién cho viéc digu khién,

Dia chi: ‘ Nhin ngiy 16/6/1995
Trudng Pgi hoe Béch khoa HN . o '
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SUMMARY"

ANTHROPOMORPHOUS ROBOT
AND KINEMATICS MODEL IN GENERAL FORM

In this paper is represented a model of anthropomorphous robot with “the biomechanical
pairs”. This is the general received various kinds of robot, because from here can be received
various kinds of robots as the particular cases. Accordingly, the kinematics model of the robot
18 also represented in general form. The proposed algorithm for solving inverse problem for the
anthromorphous robot with n-degrees of freedom allows to receive analytical forms for the control
parameters. '

ANH HUGNG CUA CAC THAM SO ...

(tiép theo trang 16)
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SUMMARY

INFLUENCE OF DIFFERENT PARAMETERS
ON DYNAMIC REPONSES OF NONLINEAR OSCILLATIONS

By simulating on personal computer, the nonlinear osciliations with large static deflection
of elastic elements have been studied. [t is consider the influences of different parameters, in
particular, with the numerical value of degrees of smallness. The resultes at the neighbourhcod of
the original position are accordant with ones of {3].
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