MO HINH PONG LUC TAY MAY MOT KHAU PAN HOI
CHUYEN PONG QUAY
1. Mé dau

Hé tay may c6 cac khau dan hoi dugc su 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 d6 tiéu ton nang luong thap 1a nhiing uu diém vuot troi cua l6p tay may dang nay.
Tuy nhién, do co thiét ké dén tinh dan hoi cua cac khau ma van dé dao dong, tinh 6n
dinh, chinh xdc vi tri, van tdc... trd nén kho xac dinh. Chinh vi vy viéc m6 hinh dong
luc gan véi thyc té dong vai tro hét strc quan trong dé diéu khién co hé. Pa ¢ mot 80
nghién ctru nham giai quyét van dé nay nhung con chua day da va chua mang tinh tong
quat héa do tinh phtic tap cta hé théng. Tokhi [1] dua ra 1y thuyét va ap dung dé phan
tich dong luc cua tay may mot khau dan hoi véi mo hinh dong luc duogc xay dung dua
trén phuong phap phan tir hiru han. Kou va Jin [2] d4 dé cap dén viéc diéu khién canh
tay robot dan hoi cach sir dung luat md va phuong phap nhiéu loan don 1é. Mot mé hinh
co cau véi ca hai khau dan hoi da duge nghién ctru trong [3] bang cach sir dung cong
thirc Euler-Lagrange két hop va phuong phap phuong phap gia dinh. Gavriloiu [4]
chimg minh rang ly thuyét didu khién tuyén tinh noi chung khong thich hop cho hé
thdng thao tac voi khau dan hdi. Mat khéc, c6 rat nhiéu nha nghién ctru tap trung xay
dung truong trinh diéu khién bang cach t6i wu tham sb. Tang va Sun [5] d3 st dung
thudt todn mang than kinh dé kiém soat vi tri ddu ciia mot tay may dan hoi. Becedas [6]
d3 gioi thiéu mot phuong 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. Matinez [7 ]d4 str dung mét phién ban méi ctia thuat toan
Xap xi ngau nhién nhiéu loan x4o tron (SPSA) ddng thoi dé toi uu hoa cac tham sb quan
sat phi tuyen dé kiém soat rung dong cua mot tay may dan hoi. Yatim [9] trinh bay sy
phat trién ciia mot bo diéu khién PID t6i wu dé kiém soat dao dong cua cac ciu trac dan
hoi bang cach st dung Particle Swarm Optimization (PSO) dé diéu chinh cac tham sd
PID. Zain va Tokhi [10] d4 nghién ctru mé phong dong luc va diéu khién t6i vu hoa dua
trén cac thuat toan di truyén (GAs) cho mot hé mot khau dan hdi trong chuyén dong
phéng theo chiéu doc nhung mé hinh dong cua hé théng duoc rut ra bang phuong phap
khac biét hitu han (FD) Khong c6 anh hudng cua giam chan va tai trong.

Nghién ctru nay dua ra mt mé hinh dong luc téng quat ciia mot tay may mot khau
dan hoi sir dung phuong phap phan tor hitu han dya trén phuong phap Lagrange. H¢
thong diéu khién duoc xdy dung bang cac thuat toan di truyén dé t6i uu hoa cac tham
s6 ctia PID vdi tin hiéu déu vao 1a goc trung tim. Ham thich ung dugc xdy dung dwa
trén cac sai s6 dau ra cua gbc trung tam, do 1éch dan hoi va do ddc cua diém két thic
clia tay may dan hoi

2. M6 hinh dong luc
2.1. M6 hinh phin tir hitu han

Trong bai ndy, ta xét mot tay may mot khau dan hoi chuyén dong trén mat phang
nam ngang nhu trong hinh. 1.



O=0r
hinh.1. tay may mot khau dan hdi
Khi chua bién dang khau 14 mot thanh thang

Trong d6 ta c6 cac ky hiéu: x0Y : Hé quy chiéu ¢ dinh; X 0Y,:h¢ quy chiéu gin
v6i khau mot; @ Véc to xac dinh tr O, t6i phén tr thtr j trén hé X0Y; r, : véc to tir
O t&i phan tir thir j trén hé XOY ; 7: Véc to tir 0, dén diém cudi khau trong hé X0Y;
r,: Véc to tr O dén diém cubi cua khau trong hé X0Y ; g,(t) : gbc quay tai O gifra
OX, va O0X; r,: md men cua dong co; p (kg /m’), E(N/m?*), I(m") : khdi lugng 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,(kgom*) : md 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):
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va chi€u dai phén tor thtt j; w,_,u, 4, v, ,: chuyén vi dai va chuyén vi goc tai diém

dau va diém cudi phan tr thir j; » : s6 phan tr cua khau; 7,5,

MK, : dong nang dan
hdi, thé nang dan hoi, ma tran khéi lugng, ma tran do clirng cua phﬁn tuthu k; 7,,M, :
dong nang va ma trén dg cimg ctia motor; 7,M ,: dong ndng va ma trdn do cing cua
tai trong; 7,P,M,, K, : dong nang dan hdi, thé nang dan hoi, ma tran khoi luong, ma tran

do cung cau toan hé

Téng chuyén vi dan hdi cta phan tr thte j trong hé X0Y:

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

7

Trong d6 N ,(z,),Q ,(t) cho boi:
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Véc to toa dd phén tur thur j trong hé OXY cho bai:
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Vay ta c6 véc to dinh vi di€ém cuoi khau :
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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, (8)
DPong ning dan hdi ciia khau 13 tong dong ning ciia cac phan tir cia khau:

T, = 3T, =320 (0M, 0, (1) = SOT(OM,0, () 9)
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T, co the viet dudi dang ma tran:

1. ., 1. ‘
T:i(: = EI}qu (t) = EQl (t)Mchl (t) (1 5)
Trong do:
.0 0
00 . .0
M,=[. . 0 .. (16)
0 0
Pong nang cua tai trong cho boi:
1 (37”01 ’ l . . 2 _ l ST :
T = 2™ { o (l,t):l + 5 J (4 + u%ﬂ) =3 Q, (M .Q, (1) (17)
Trong do6:
mpo + Jp 0 mle J
0 0o . . 0
M, = . .0 . (18)
m L, 0 m, 0
J, 0. 0 J
Thay véo (8) tong dong nang cua hé 1a:
1. .
T, =0 OMQ, 0 (19)
Trong do:
M, =M +M, +M (20)

2.3. Tong thé ning dan hoi cia hé

Thé ning tong thé cua hé 1a téng thé ning dan hdi, thé ning dong co va thé ning
tai trong :

P=3r, =3t 0,0= tal0Ke, 0 @)

Trong do6:

p =1 ['EL {M] dr = ljl’ Bl {M} dr =1 K Q (1) (22)
J 0 2 J 2 0 a%f J 2 J J 7L

Vi K, la ma trén d¢ cimg cua phan tir thtr j:
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Ma trén do cimg tong thé cho bai:

K=-SK (24)

2.3. H¢ phuong trinh dong luc

Hé phuong trinh chuyén dong cta co cau tay may mot khau dan hdi duoc thiét 1ap
bang phuong phap Lagrange v61 ham L=T-P, véc to toa d0 suy rong Q(t) véc to tai

trong ngoai £ [z, 0 0 . . . . OT. Hé phuong trinh c6 dang :

1(3_%]_ oL _p (25)
dt\ 00, ) 0Q,

Xét hé c6 can, hé phuong trinh dao dong tr¢ thanh:
M,Q,(t)+ D, (1) + K,Q (1) = K (?)
Trong d6 D, la ma tran can:
D, =aM, + pK, (26)
Véi . 12 hé so can cuia khau.
2.4. Diéu kién bién
Ta xét hé tay may 1a mot phan ti: n =1j=1. Piém dau cta khau gin chit voi

dong nén ta c6 chuyén vi dai va chuyén vi goc 1a bang khong khi gian véi hé 0x. Boi
vay u =0u,=0.

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

(1402 + Q" M.Q" )+1, +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
0 0 0
E1I
K =—LL0 12 -6L (28)
L3
L0 6L, 4L

Va véc to toa do suy rong va lyc suy rong cho boi:
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o0 =[a0 w0 wo] 29)

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

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

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

3. Két luin

BA4o céo ndy, tac gia trinh bay mo hinh dong luc cho tay may mot khau dan hoi
chuyén dong quay dua trén mo hinh dim Euler — Bernoulli va phuong phap phan tir
hiru han. Hé phuong trinh vi phan chuyén dong cua co hé co duoc nho phuong trinh
Lagrange loai 2. M6 hinh dong luc hoc nay 14 co s quan trong dé giai quyét cac bai
toan tiép theo nhu dong luc hoc thuan, dong luc hoc nguge va diéu khién.
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