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TOM TAT
Bai bao xdy dung bo diéu khién trueot hitu han thoi gian hoi tl,{ (Terminal Sliding Mode Control
- TSM) cho ting dong co cua sau chan xy lanh trong hé truyen dong song song dang Stewart
Platform trong bai toan bam v¢ tinh ciia anten. Bo diéu khién dé xudt da han ché dwoc nhitng diém
yéu ciia cdc b diéu khién da dwoc nghién ciu, mang lai chdt lwong tét hon, dam bdo dwoc kha

ndng bam vé tinh cho anten trong cd nhitng trieong hop c6 bién dé goc lom nhat. Két qua nghién
cutu dwoc mo phong minh chung trén MATLAB.

Tir khéa: Robot song song; Hexapod; Stewart platform; Diéu khién ché do truot; TSM.
1. MO PAU
Hién nay viéc sir dung cac anten tur dong bam bét vé tinh da dugc sir dung rong rai, trong do co
nhidu hé thdng dugc truyén dong bang cac hé hai bic tim huéng, tuy nhién, cac hé thong nay
thuong gap phai hién tugng “16 khoa” (key hole) khi dich chuyén gan khu vuc dinh dau (khi anten
hudng vudng goc voi mat dat) [1]. Bé giai quyét van dé nay cac hé thong dua thém mét truc quay

thir ba, cach bo tri nay goi la “khép X- Y” [1], nhitng hé thong nhu nay van boc 16 han ché vai cac
truong hop du dan dong doi hoi giai quyét bai toan tdi wu.

Hinh 1. Mot hé thong anten vé tinh sir dung co cdu truyén dong dang Stewart Platform
cua Vién Han ldm khoa hoc Viét Nam [2- 3]

Khi van hanh céac hé thong doi hoi c6 tai trong 16n céc co cau truyen dong song song dugc lya
chon vi uu diém vuot troi vé do clng viing so véi cac co cau ndi tiép ma dic biét 1 cac co cdu ndi
tiép cang nhicu khép sé cang lam giam do clmg viing va kha nang chiu tai cta hé théng. Ngoai ra
mot s6 cau hinh ciia robot song song con mang dén mot dic diém ndi troi do 1a tinh dbi xting quanh
truc thing dimg, giup cho cac anten vé tinh dit trén d6 c6 kha ning bam cac goc huéng quay du
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360° d& dang. Vi vay, cdu hinh robot song song phd bién duogc str dung cho anten bam vé tinh 1a
dang Stewart Platform.

Trong bai toan bam quy dao cua vé tinh dung anten dat trén nén hé truyén dong song song nhiéu
tac gia sir dung cac bo dicu khién PID [2, 4-6], tuy nhién, khi so séanh véi cac bd dicu khién trugt
[6-7] c6 tinh bén viing khi tai trong cic chan thay di thi diéu khién PID bdc 16 han ché. Nhung
bd diéu khién trugt thong thuong co thoi gian hoi ty khong xac dinh co thé anh huong dén chat
luong bam cua anten. Do vdy, tac gia dé xuat nang cip cac hé thong didu khién hién c6 bang bd
di€u khién trugt hitu han thoi gian hoi ty (TSM).

2. NOI DUNG CAN GIAI QUYET
2.1. Pong hinh hoc ciia bai todn bam quy dao vé tinh cho anten c6 hé truyén dong song song

Trong cac nghién ciru vé robot song song dang Stewart Platform bai toan dong hinh hoc ngugce
da duoc giai quyét [3-7], tuy nhién, véi bai toan bam vé tinh dac bi¢t vei nhitng quy dao c6 bién
d6 1on vuot qua gidi han trong cau hinh hinh hoc cua hé truyen dong song song can c6 phuong
phap gidi bai toan dong hinh hoc ngugc khac. Do cau hinh ddi xang cua hé truyén dong song song
dang Stewart Platform, voi cac goc bam yéu cau cua vé tinh la e, B (theo thu ty la goc tam, goc
huéng trong hé toa d ¢ dinh ENU (East North Up)) thay Vi quay truc tiép 3 goc tu thé roll, pitch,
yaw thi cd thé tryc tlep quay anten vé goc tam e tir chinh tai truc vudng goc v6i hudng yéu cau

cua v¢ tinh. Khi do, can xac dinh duoc toa do cua cac khop ndi trén hé toa 6 dong gan voi hudng
yéu cau cua vé tinh.

Hinh 2. Hé truc toa dé dong gan véi géc hieong B.

Gia sir h¢ toa do dong dit tai mat dé cia hé truyén dong tai goc huong B 1a 0gXg4Y gy, khi
do6, tuong tu nhu [3] toa do cac khdp tai chan de:

rgcos (¢; — [BAix
B,; = |rgsin (q)l ] B iy (@))

BAiz

(z 1)1t

Voi ¢l = aB khii = 1, 3,5, ¢i = ¢i—1 + ap.

Tuong tu co thé tinh duoc toa do cac khop ndi mat cong tac:

rpcos (8; — B) P pix
P, = |rpsin (6; — B)] = |Paiy (2)

0 P,
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—"‘Z—thii=1,3,5; 0; =0, 1+ ap.

Khi d6, ma tran quay voi goc tam € sé la:
cos (e) 0 sin(e)
Rar = Ry(e) = 0 1 0 3
—sin(e) 0 cos (€)
Do toa do tam cua mat cépg tac khong chuyén ddng trong qué trinh bam v¢ tinh cQ thé dat tai
vi tri trung gian chinh gitta d€ ddm bao dugc cac bién d goc bam v¢ tinh dugce 16n nhat:
T=1[0 0Z]" 4

V6i Z 1a chiéu cao ctia mit cong tac tinh tir mit dé khi cac chan din dong déu nim & vj tri
trung binh [3]. Khi d6, toa do ctia tam mat cong tac trén hé toa dd dong van dugc gilt nguyén:

Ty=T )
Tuong tu nhu [3], trong hé toa d¢ dong, vector chiéu dai chan dan ddng duoc tinh boi:
Lpi = Ryr-Ppi +Ty— By (6)
Khi d6, chiéu dai chan din dong thuc té 1a:
l; = \/L.Elix + L5, + L5, (7

Nhu vy, véi (6) va (7) c¢6 thé tinh toan dugc do dai cac chan dan dong cho hé truyén dong
song song cua anten tur cac thong s6 vé vi tri clia vé tinh (goc tAm va goc huong). Khi ¢6 cac
chiéu dai chan dan dong yéu cau, bd diéu khién cua timg dong co clia cac chan can phai bam
theo gid tri nay.

2.2. M6 hinh ddng co’ dién mdt chiéu tirng truc xy lanh ciia hé théng truyén dong
Tuong ty nhu nghién ctru trong [8], phuong trinh dong hoc sai s6 cho dong co timg chan dan
dong dugc md ta boi:

{ 5c1 = X2 (8)
XZ = —aq1X1 — QX3 + f(t) — bu

Trong d6, ay, @y, b 14 cac tham sb duong; x4, x5 lan luot 12 sai s6 van téc va gia toc cua goc
quay dong co va f(t) latai dat Ién chan dan dong, doi véi hé truyén dong song song dang Stewart
Platform thi f(t) 1a tai bat dinh gidi noi:

lf®l<M 9)
Vé6i M 1a mét gia tri dwong biét trude.
2.3. Diéu khién bam vi tri tirng truc dong co bing bd diéu khién trwet thong thwong (SMC)
Xéc dinh bién trugt cho hé (8):
S=cxq+x, (10)
Trong d6 ¢ 1a mot s6 duong.
Khi d6 dao ham cta bién truot duge tinh bai:
S =cik,+x, (1)
Thé (8) vao (11) thu dugc:
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S =cx; —a;x; — azx, + f(t) — bu (12)

Déu vao diéu khién cta cac bo diéu khién truot duoc tao thanh boi hai thanh phan, diéu khién
twong duong u,q va thanh phén gian doan ug4:

U= U+ Uy (13)

Trong d6, thanh phan twong duong dam bao bién trugt S nam trén mat truot S=0 hay § = 0,
khi do tim duoc ug4:

Ueq = %[sz — ayx1 — azx;] (14)
Thanh phan gian doan c6 dang:
uy = K sign(S) (15)
Trong d6, K 1a mot hang s dwong, dugc chon sao cho b. K > M hay:
bK=M+oao,v6icg> 0 (16)

Khi do, thay (13), (14) va (15) vao (12), ta co:

S = —bKsign(S) + f(t) 17)
Chon ham tng vién Lyapunov:
V=252 (18)
Khi d6, dao ham cua V s€ la:
V =SS = —bK|S| + S.f(t) (19)
Két hop véi didu kién (9), ta co:
V < —bK|S|+ |S|.M = (—=bK + M)|S| = —0|S| <0 (20)

Theo (20) lubn c6 V < 0, hay hé 6n dinh theo Lyapunov.
2.4. Piéu khién bam vi tri tirmg truc dong co bing b diéu khién trwet hiru han thoi gian hji
tu (TSM)

Xéc dinh bién truot cho hé (8):

14
S =cx]+x; (21)
Trong d6, p, q 1a cac s6 nguyén duong 1é thoa man g = 2p — 1; ¢ 1a mot s6 duong.
Khi d6, dao ham cta bién truot duoc tinh boi:

r—q
S = csxl" iy + X (22)

Thé (8) vao (22) thu dugc:
_ p-q
S = csxl" X3 — A1X1 — azx, + f(t) — bu (23)

Dau vao didu khién cua cac bo diéu khién trugt dugce tao thanh bai hai thanh phan, diéu khién
tuong duong U, va thanh phén gian doan ug4:
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U=Uy+ Uy (24)

Trong d6, thanh phan twong duong dam bao bién trugt S nam trén mit trugt S=0 hay S = 0,
khi d6 tim dugc ug,:

Ueq = % csx?xz —aixq; — azXx; (25)
Thanh phan gian doan c6 dang:
uy = K sign(S) (26)
Trong d6, K 1a mot hang s dwong, dugc chon sao cho b. K > M hay:
bK=M+o,v6ic> 0 (27)
Khi d6, thay (24), (25) va (26) vao (23), ta co:
S = —bKsign(S) + f(t) (28)
Chon ham tng vién Lyapunov:
V=282 (29)
Khi @6, dao ham cua V sé la:
V =SS = —bK|S| + S.f(t) (30)
Két hop véi didu kién (9), ta co:
V < —bK|S| + |S|.M = (=bK + M)|S| = —0o|S| <0 (31)

Theo (31) luén c6 V < 0, hay hé 6n dinh theo Lyapunov.

3. MO PHONG, KET QUA, THAO LUAN
Dé thyc hién cac md phong, ta dwa vao cac tham sé dong hinh hoc cho hé thong truyén dong
song song dam bao cho kha ning bam bat duoc vé tinh v6i bién do 10n nhét, trong bai bao nay gidi
han cho cac goc tam va hudng ciia vé tinh duge cho nhu sau:
T ce<®

weoo (32)
_E<B <m/2

Céc gié tri bién ddi theo thoi gian cua hai goc nay dugc thé hién trén hinh 3 va 4.
Chon cAu hinh ddng hinh hoc cho hé truyén dong song song dang Stewart Platform véi thong
s0 sau de thuc hién mo6 phong:

Liax = 2720.5mm
Lypin = 1520.5 mm
rg = 1000 mm

rp =515mm (33)

Su dung ph?m mém md phoéng Matlab Simulink cho h¢ théng bam vé tinh cta anten def}t trén hé
thong truyén dong song song 6 truc dang Stewart Platform, két qua mo6 phong dugc thé hién tur
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hinh 5 dén hinh 12. Trong d6, hinh 5, 6 thé hién sy thay d6i chidu dai chan din dong cta hé truyén

dong khi bam theo quy dao vé tinh cho bai (32).
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Céc hinh 7 dén hinh 10 thé hién kha ning bam chiéu dai mot chan dan dong (chan thir 6) theo
gia tri mong muodn cua dong co voi hai bo diéu khién: trugt thong thuong (SMC) va TSM trong
d06 sai s0 bam chi€u dai cta ca hai b diéu khién rat nhé (dudi 0.005 mm), dac biét 1a véi TSM thi

sal sO con nho hon.

Hinh 11 va hinh 12 thé hién sai s6 bam goc tam va goc hudng ctia vé tinh bai hai bo diéu khién,
trong d6 bd di€u khién TSM thé hién duoc chat lugng tot hon, ddc biét khi goc tam & quanh vi tri
90°, trong khi sai s6 cia SMC ¢ thé dén 0.005°, sai s0 nay twong ing véi do 1éch vi tri ctia vé tinh

& d6 cao 680 km (vé tinh VNREDSat-1) 1a 60 m.
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Hinh 11. Sai s6 bam géc tam va huéng cia  Hinh 12. Sai s6 bam géc tam va hudng ciia vé
vé tinh (SMC). tinh (TSM).

Céc két qua nay khang dinh dugc viéc sir dung bo diéu khién TSM da nang cao dugc chét lugng
bam quy dao ctia vé tinh bang anten gan trén hé truyén dong dang Stewart Platform.

4. KET LUAN

Bai bao d xdy dung b diéu khién TSM méi ap dung cho anten bam vé tinh dit trén hé truyén
dong song song dang Stewart Platform c6 chat lugng tot hon so voi bo diéu khién trugt thong
thudng. Véi két qua do, phuong phéap nay c6 thé ap dung cho cac hé thdng c6 co ciu truyén dong
song song tuong tyr dé dam bao hiéu qua cao. Két qua nghién ciru duoc chimg minh mot cach chit
ch& v& mit toan hoc va mé phong truc quan.
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ABSTRACT

Improve the quality of tracking control for satellite antenna
on Stewart plartform parallel drive system

This article builds a Terminal Sliding Mode Control (TSM) for each motor of six cylinder
legs in a Stewart Platform parallel drive system of satellite tracking antenna. The proposed
controller has limited the weaknesses of the controllers that have been researched,
providing better quality and ensuring satellite tracking ability for the antenna in even cases
with the largest angular amplitudes. The research results are simulated and demonstrated
on MATLAB. The research results are simulated and demonstrated on MATLAB.

Keywords: Parallel robot; Hexapod; Satellite tracking antenna; SMC; TSM.
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