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Tom tat

Cong trinh nay dé xuit mot bo diéu khién thich nghi
bén vimg cho can tryc thap trong trudng hop cac tham
sO hé thong thay dbi. Dic biét, bo diéu khién khong
can thong tin khéi lwong hang va cac hé sb ma sat.
Céc thong tin nay duoc ude lugng bang cdu truc thich
nghi tich hop trong bd diéu khién. Két qua mé phong
cho thiy bo diéu khién lam viéc hiéu qua, bén viing
véi nhiéu.

Tir khéa: Can truc thap, diéu khién thich nghi, diéu
khién truot.

1. Mé dau

Cén tryc thap duogc sir dyng nhiéu trong xdy dung nha
cao tang dé nang chuyén vat liéu va cau kién xay
dung. Chiéu cao nang ciia can truc thap thay ddi linh
hoat theo chleu cao cong trinh. Qua trinh nang chuyén
hang cua can truc thap gdm nhleu giai doan: nang
hang, di chuyén xe con, quay can, ha hang. Dé giam
thoi gian lam hang, cac cong doan trén co the phdi
hop 1am viéc cung luc. De ting nang suét, can truc
thap ngay nay dugc yéu cau khai thac voi téc do cao.
Diéu ndy dan dén bién do lic hang 16n. Vi vdy, trang
bi bo diéu khién dé giam lic va nang cao tinh chinh
Xac Chuyén dong cua can truc & téc do khai thac cao
la yéu dau dat ra trong thuc té dwoc nhiéu nha san
xudt quan tdm. C6 nhiéu nghién ctru lién quan dén
van dé nay. Omar [1] xdy dung mot bo diéu khién
thich nghi trong trudng hop khdi lugng hang va chiéu
dai cap treo thay doi bang k¥ thudt gain-scheduling.
Cong trinh [2] nang cép cac nghién ctru [1] bang cach
ké thém cac yéu t6 ma sat c6 trong hé thuc va kiém
ching bang thyc nghiém. Masoud [3] thiét ké luat
diéu khién cho can truc thap bang k¥ thuat hoi tlep
tré. Vaughan [4] dung k¥ thuat command shaping dé
giam lic hang v6i mé hinh con lic kép. Tuan [5] thiét
ké hai bo diéu khién cho can tryc thap dwa trén k§
thuat hoi tiép tuyén tinh hoa timg phin va k§ thuat
didu khién truot (sliding mode control — SMC).
Devesse [6] phat trién mot bo didu khién t6i wu vé
mit thoi gian bang nguyén 1y cuc dai Pontryagin.

Cong trinh nay phat trién mot bo didu khién phi tuyén
cho can truc thap khai thac & tbc do cao. Bo diéu
khién dam bao hai tinh chit quan trong: thich nghi va
bén vimg. Tinh bén viing va thich nghi cia hé khi
tham s6 thay doi c6 duoc do hé duge do hé duoc dicu
khién bang ky thuat SMC két hop v6i k¥ thuét thich
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nghi tham chiéu mo6 hinh (model-reference adaptive
control — MRAC). Véi k¥ thuat nay, bo diéu khién
khong can thong tin ciia cac tham sé hé thong. Can
truc thap 12 h¢ hut dan dong v6i nhiéu tham sé chwa
biét va bién ddi. Vi du, trong luong vat nang 1a dai
luong thay doi, cac yéu to ma sat thay ddi tuy thudc
vao moi truong khai thac. Bo diéu khién duoc thiét ké
trong truong hop khong biét khdi lugng hang va
khong biét bon hé sb can trong md hinh dit trung cho
céc yéu to ma sat. Qua trinh thiét ké gdm mot sb cong
doan. Pau tién, bo diéu khién SMC kinh dién duoc
thiét ké trong trudng hop tit ca cac tham sb cua hé
déu biét. Tiép dén, luat diéu khién duoc tham sb hoa
theo cac tham sb bién ddi. Sau cung, mot cAu trac
thich nghi dugc thiét ké dé tim va diéu chinh cac tham
sO bién doi dé dam bao hé 6n dinh tiém can. Hé dugc
ching minh 6n dinh tiém can bang 1y thuyet
Lyapunov va dugc kiém ching lai bang mo phong s6.
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H.1  Mo6 hinh vit Iy can truc thap

CAu tric bai bao nhu sau: Muc 2 mé ta toan hoc hé
dong luc can truc thap. Muc 3 thiét ké bo diéu khién
thich nghi bén viing bang k¥ thuat SMC va MRAC.
Mb phong s6 va két qua duge trinh bay trong muc 4.
Két luan va mot vai kién nghi duge trinh bay trong
muc 5.

2. M0 hinh toan
Xeét chuyén dong cua can truc thap trong hé toa do
chinh Oxgyozo nhu hinh 1. Hé c6 ba khdi luong gém
khéi lugng hang m;, xe con m;, va khéi lugng quan
tinh quy do1 J cla thap quay. Tuong tng, hé c6 bon
bac tyr do gdm chuyén dong xe con X, quay thap y va

hai goc lic »,0 . Nhu thé,
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g=0 =X y @ O lamdtvéc to toa do suy
rong. Hai tin hiéu diéu khién gém luc kéo xe con b va
mo& men quay thap u, dung d¢ dan dong xe va thap
chuyén dong chinh xdc den vi trf yéu cau. MO hinh
toan da dugc thict 1ap trong [5] bang phuong phip
Lagrange, viét dudi dang

Mq§+Caqqq+Gq =F (15)
v6i,M q =M" q la ma tran khéi lugng, C g,q la
ma trdn can, G q la véc to trong truong, va F 1a véc

to tin hiéu diéu khién. Cac thanh phan nay dugc xac
dinh nhu cac biéu thirc dudi

m, m, my; m, U
Mq = My My My My, CF= U, ;
my m;, my 0 0
m, m, 0 m, 10
Cy Cp Gy Gy 0] X
Caq = Ca Cp Gy Cy G q = 0 L q= Y .
0 ¢y Cy Cy 0 @
C Cpp Cg Cy 192 ] 0

Cac phﬁn tr ciia ma tran khoi luwong dugce xéac dinh
m, = m-+m, ;
{J+ m, +m, x*+ml2sin0 J
2 = 2 qin2 2 ; !
+m_1”sin® @ cos® &+ 2m_ | sin g cos Ox

m

m,, = m,I? cos’ 6;

m,, =m.|?%;

m, =m,, =m.lsing,

m, =my, =m_lcosgcosd,

m, =m, =-mJlsingsing;
m,1° :
My, =My, = CTco's,gpsm 20;

m,, =m,, =— mJI*sing+m.lcosox .
Céc phan tir cia ma tran can gom
¢, =b; ¢, = mlcosd O-sinpy — m+m, xy ;
€ = —M.| cos@sindd +singcosbp ;
¢, =M. cos@y —cosgsindp —sinpcosdo ;
Cy= 2 m+m, x+mJlsingcos@ y;
b, +m.| sinpcos&X +cos pcosHxgp —sin psin 6%

C, = . )
“ +m, I sin 2pcos’ 9+ cos® psin 200

Cpy =Ml (COS(DCOSQX}? =1 (%sin psin 29¢+COS¢9D;
Cc,, =m. lcos26cospgp+ sin@x0 —sin psinOxy  ;
C;, =—m| (Izsin 2<pc056?+005¢xjcos oy,

IZ

Cy=b — m°2 sin 266,
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Cy =mI? [Zcos2 GcosW—%sin 20([));
¢, =—-m.lcoséy;

Cp =Ml (sin @psin 6?x;'/—coséb'<—12cos2 @sin 297};

Cy =M I? (%sin 20¢p — 2 cos’ HCOSgD]?J;

c,, =h,.
va hai thanh phan ciia véc to trong truong
g, =m.glcosédsing; g, =m.glsindcose.

3. Thiét ké bg dieu khién

Heé théng diéu khién thich nghi bén ving cin truc thap
c6 so d6 khéi nhu hinh 2. Dau tién, bo diéu khién bén
vitng duoc thiét thiét ké bang k§ thuat SMC thong
thuong véi cac tham sé dugc gia thiét hoan toan rd.
Trong thyc té, mot vai tham sb cua can truc thap thay
dbi tuy thudc vao ting truong hop va diéu kién khai
thac. Trong truong hgp nay nam dai lugng dugc xem
la tham s bién d6i gom khéi lugng hang m. va bdn
hé sb can b, b,, by, va be Khi d6, n6 dugc xem la
nhitng bién tuong tmg M., 6x, By, 6(”, va 69. Tiép
theo, mot co cau thich nghi dugc xay dung dé dicu
chinh nim tham sd trén va gui nguoc vé bo didu
khién. Sau day, ta di phan tich ting thanh phan cua
chu trac diéu khién nay.
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H.2  So db khoi hé thong diéu khién thich nghi bén ving
can truc thap

3.1 Tach h¢ dong luc ; ) o
Can tryc thap 1a hé hut dan dong vdi bon bi€n can
diéu khiéng=x y ¢ 6 T nhung chi c6 hai tin
hiéu vao U, U, . Hé dong lyc (15) dugc tich lam
hai hé con tuong tng véi bién chu dong g, =X y !
vabiénbjdong g, = ¢ 6 :
[Mﬂ q & +M,; g 4,
+Cy 4.9 ¢, +C, a.9 G,
{Mn 9 8+M, g 8,+Cy 0.4 G

+C22 q’q q2+GZ q
voi

m, m, 9 U,
M = ’ G = ’ U= 1
. q |:m21 m22:| ? q |:g2:| |:ur:|

]:u, (16)

J:o, 17)



m13 m14 m33 O
M = MT = y M = ’
12 q 21 q |: s m24 :| 22 q |: O m44 :|

C
C. ad {cn H]CH a4 {cla c14]

C21 CZZ C23 C24

0 c C. C
C , S 32 ,C , N 33 34 )
21 q q |:041 042:| 22 q q |:043 C44

Phuong trinh (16) va (17) cho thiy bién chu dong
dugc dan dong truc tiép boi hai tin hidu diéu khién.

3.2 B) diéu khién bén virng
Ta thiét ké luat didu khiénU=u, u, '

; bang k¥
thuat SMC dé dan chinh xac xe con va thap quay dén

. r A A T A e I3 <
vi tri yéu cau q, = X, 7, . Dong thoi, goc lac

hang g,= ¢ 6 T duoc gitr nh6 va khir hoan toan
(gy=0 0 ") & dich dén. Xét mit truot
S='S SZT:é\l+kel+o<e2 (18)

véi A va o 1a cac tham s6 thiét ké, xac dinh boi

S
0 4, 0 «a

€ =0 -0y = X=Xy 7—% Tvaez:qz Oy =@ 0
1a cac sai s6 tin hiéu. Tiép dén, xét phwong trinh mat
truot
§+As=0 (20)
Phuong trinh (20) cho thiy mit truot s 6n dinh tiém
can véi moi ma tran duong A. Thay (18) va (19) vao
(20), ta dugc
ql+a’q2+2}\ql+7\‘1—?\‘ 0, —Cyy +2rag, =0. (21)
Chu yM,, q xac dinh duong, phuong trinh (17)
duoc viét lai
M 8 +C.. q.4 ¢
qz=—M2§q{ u 6 +Ca ad ql}. 22)
+C» 6,9 ,+G, ¢
Thay (22) vao (16) dan dén
Mq §+C q49¢+C, 99 9,+G q =U, (23)

voi

M q :Mll q _MlZ q ME% q le q. (24)
(_:1 a,q :Cll a,q _M12 q M£§ q C21 a,q , (25)
Cz a,q :Clz a,q _Mlz q ME% q C22 a,q , (26)

G q =_M12 q M;; q Gz q. (27)
Cac ma tran trén duogc viét dudi dang

o mom,] - [a
M = IC i = H
“ {m m} 2 4 {@a e;j
= ¢ C5 T
C, a9 {_21 _f} a=0 0 .
CZl CZZ

ma cac thanh phan cua no6 duogc xac dinh

. m ..
M, = m +m,sin® pcos” 0, m,, =—7°sm @sin 26x
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m, . . _ 2 2 )y2
m21:—?csm¢sm29x, M, =J+ m +m, X +cos"&x",

. =b, —lm . singsin 26y ,
Icos@@—lcos@smgpy
m,
—[—‘Jrljx;ﬂrcoszgpx;?
ch=m| \™ ,

+sin® gsin® Oxy —%sin @sin 26

+lsinpcos® pcos® 8y

C,= 2 m+m, —mcos’d xy,

I cos ¢ cosOx¢p — I sin psin Ox0
IZ

+12 sin 2pcos® O + cos? psin 260

Cpp =M, +%sin @sin 20x°y — cos’ OxX '

b
+l 1-cos® pcos® 0 sinoxy +——
m

C
cos
~b, P 7
lcos@

b,
m.l cosd cos2¢y +sin @0 +|—sm psin 9}

Cos&sin gg
-m, I00529 _ W .
+SII’I 2¢psingy

b
Icos@ cosey +singcosdp x——=cosptand
C,p=m m, ;

—I12 cospcos® 66 — 21 Ising+1 cos® & cos gy
—1? cos? @ cos g + | sin O — 1 sin gsin Oxy

=2
C,=m, cos QXJ

. b, (.
—1%sin 26 cos® ¢;'/+—'9[sm P+
m

C

g, = —%mcg cos® @sin2¢, G, = %mcg sin 26.¢cos pX.

Thay (23) vao (21) ta duoc luat diéu khién quy ddi:
Ueq :61 a.q C11"'(_32 a.q qz"'é q (28)
-M g 2AG,+od, +ATA O, =0y +had,
bé gitt quy dao trang thai trén mat truot, tac dong
“dong-md” can dugc thém vao. Luat di€u khién bay
gi0 tré thanh:
U:Cl a.q q1+62 a.q qz"‘é q
-M q 27\'q1+aq2+7\'T7\' 0, — 0y +Aod, (29)
—-Ksgn s ,
v6i K =diag K . Céc tham s6 K, A, va a dugc
chon sao cho mat trlrort on dinh va quy dao trang thai

truot dén gia tri yéu cau. bé giam hién tugng rang
cua, ham sign dugc thay bang ham saturation

U, =-Ksat s , (30)

Vo1
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1if s/e>1

[sat s | =1 s/eif —1<s/e<1, (31)
1if s/e<-1

O day, ¢1a hing sb chi chiéu day 16p bién.

3.3 Phén tich én dinh ,,
Ta chirng minh luat diéu khién (29) 6n dinh tiém cén
mat truot (18). Xét ham Lyapunov

V= %sTs (32)

c6 dao ham tuong ung
V =§'s. (33)
Chiy M q xéac dinh duong véi moi g, phuong
trinh (23) duoc viét lai
¢=M"q U-C q4¢-C,q4¢-Gq . (34
Thay (29) vao (34) va (34) vao (33) dan téi
V=-=s"As-s'M* g Ksign s . (35)
Déu ciia s, cing ddu véi sgn s, nén xét dau ham V
tuong duong v6i xét ddu ham
V,=-s'As-s'M™ q Ks
_ . 36
=s' A+M'qKs (39)
Ro rang V, <0 voi moi M g xéc dinh duong va véi
moi K>0 and A>0. Trdodindén V t <V 0 .
Viy, s phai nim trong bién hiru han. Ap dung bd dé
Barbalat suy ra duqc!im\/ =0 hay !Lrg s=0. Vay,
mit trugt s 6n dinh tiém can.
3.4 Piéu khién thich nghi bén virng )
Nhu da noi, ta khong biét rd thong tin voi khoi lugng
hang va cac yéu t6 can. Nhu thé, cac tham sb m., b,.
b,, b,, va b, dugc xem la cac tham s bién doi theo
b,, b,, va b, Luat diéu khién
trong (28) va (29) duoc tham sb hoa theo cac tham sb
ndi trén nhu sau:
eq=ClAq,q 4+C, 9.9 4,+G q @
-M g 204, +aqg, +A'A g,-q,, +iag,

thoi gian: m_, b

X 1

’ :él a,9 Q1+éz a.q q2+é q
K 27‘?1+“q2
+A A 0, -0,y +Aad,

}—ngn s (38)

O déy, ma tran cac hé s6 diéu khién bién doi theo cac

tham s6 ,_, BX, b,,

,, b,, va b,. Cic ma trdn nay

duoc viét nhu sau

9 rf"11 m, A < 6111 6112
M = C y = )
q Lﬁn mzj 2 4 { 3 >

g
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Céc phén tir cua ma trdn hé sb diéu khién M q,
é1 qvq ’
dinh

éz aq,q , va G g lan luot dwoc xac

My, =m, +_ sin pcos® 0, M, =~ singsin20x,

o

=1

m, . . . 5 2 2
21:—?smgosmzex, m,=J+ m+mMm, +cos°f x°,

A

=b, - singsin 26y ,

._g'»
r\>||—\

. . m
lcosd8 -l cos@sin ¢y—(%+1jxy
mC
¢, =M. | +lsingcos® g cos® oy :

+c0s° Xy +sin® gsin® Oxy —%sin @sin 20%

=2 m+m, —m cos’d xy,
I cos ¢ cosOx¢ — I sin psin Ox0
+I?

sin 2¢pcos? G+ cos? gpsin 200

o 1. .
Cp =M, +5singsin 20%%y — cos® Oxx .

A

b
+l 1—cos® pcos® @ sinoxy +—
M

C

€2 = -t cos? @ cosdsin g +sin 2psin Py —h cosp
lcosd

. R S « .
¢2 =-m_lcosd cos2¢y +sin po +T95|ngpsm9,

Icos® cosqy +sin@cosbp x—I1?cospcos® 69

A2 _ oo
Cyy=m

A

s . b
-21 Ising+1 cos® &cos py ——2cos ptan &
M

C

—1? cos® 8¢os pg + 1 sin Ox6 — I sin gsin Ox 5

2 _ s
Cp =M

—1?sin 26 cos® ¢7+t3—'9(sin o+ Cosiexj
m

C

g, = —%rﬁcg cos’ sin 2¢, §, :%rﬁcg Sin20¢os X .

3.5 Co céu thich nghi

Ma tran hé sé didu khién cia céc luat dléu khién (37)
va (38) duoc biéu dién theo cac tham sb u6c luong
M, b,, b
nghi dé tim va cap nhat cac ma tran hé ) hay cac
tham s bién d6i ciia hé. Co cau thich nghi dugc ap
dung dé dléu chinh cédc tham s6 cua luat diéu khién
(chc tham sb ciia can truc mot cach tuong ung) sao
cho quy dao trang thai tién tiém can dén cac gia tri
tham chiéu. Goi

o b, b va b Ta di xay dung co cdu thich



1a cac sai sO udc luong tham so. Twong Ung, ta c6 ma
tran ung voi cac sai sO nay:

~ . = m, m,
Mqgq=Mgq - q—{N ~]
m21 m22
~1 =1
C, a4 =C, a9 -C, g9 :L?f ;ﬂ
21 22
~x2

Gq=G6qg-Gg=g, g,
Cac phan tir clla cac ma tran trén lan Iuot duoc xac
dinh

N 1. .
m, = m, sin® pcos’ O, m, :—Emcsmgosmzex,
- 1. . . - L2
m,, :—Emcsm @sin 260X, m,, =m.x",
a o~ 1.
Cn:bx—EmCS'W’S'“Zé’?’n
I'sin pcos? pcos® 87 —1 cos@sin gy
¢, =M, | —xy +cos’ pxy +sin® psin® Oxy |,

+l cos 68 —%sin @sin 20%

¢, =m 2-cos’d xy,
| cos @ cos Oxg — | sin gsin Ox6
1. .
+=sin@sin 20x%7 — cos? Oxx }
C;Z = mc 2 +b7 !

2 sin 2pcos? g +cos? psin 260

+
+1 1-cos® pcos® O sinOxy

cosésin pp
+sin 2¢sin 6y

~ COSg
?lcosd’

¢2 =-ml cos? 6(

. . b, . .
¢4 =-mlcosd cos2¢y +sin po +T95|ngpsm9,

Icoséd cosgpy +sindcosdp X

<2

¢2 =m. | -1? cosgcos’ 9 b, cosptand

C

=2l Ising+1 cos® &cos gy

@ _m —1% cos® @ ¢cos g + 1 sin %6
’ —Isin psin Oxy —12 sin 20 cos? gy

( cos@xj
+b singp+ I

g, = _%rﬁcg cos® @sin 2¢, §,
Thay (37) vao (23) dan dén
o G, + 20, + o,

+A'A 0, -0y +haq,

=%ng sin 26.¢cos pX .

}=Clql+ézq2+é+Mqr, (39)

va dugc rat gon thanh
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M $+as =C, +C,
q a.9 q, a.q Qz (40)
+G q +M g q,
voi
qr = _27"(-11 _aQZ —ATA O — O _qu ' (41)
dugc ggi 1a van toc tham chjéu. Pai lugng nay duoc
khai trién thanh hai thanh phan
X =-24X—a,p—A7 X=X, —Aop, (42)
Vo =207 —0,0-22 y—y, — A0 (43)
Bong luc hoc mach kin (40) cho thiy rang bude gitra
mat trugt va sai sb tham so thong qua bd loc sO mu.
V6i phan tich trén, cdu tric thich nghi dugc dé xuat
¢6 dang nhu sau
glsl + gZSZ + r’ﬁllsl + lesZ X

r

mcz-m_ + M,s +M,s, 7, . (44)
C
#3454 s
b —& ¢ o X 45
7% €S 68, X, (45)
b =—L5 @s icis, g 46
, = b €S +C58, 7, (46)
4
b, =L @25 s, g 47
o = b €S, +65S, @, (47)
P
=B s s, 0 "
A 5_ €S T35, ’ ( )
0

voi B, By, Bu P. VA P 1a cic hé sd thich nghi.

M, M, M,y M,, 14 bén phan tir cia ma tran M q |,
c6 dang
M, =m, sin2gpcos® Ogp —sin 20sin® po

M, = —— COS@SiN 20%¢ +2sin pcos 20xA) +Sin gsin 20%

M, = —— C0SSin 20Xg + 25iN ¢ C0S 20X0) +5in psin 20%
My, =2 m +m_ +cos’ & xx—sin200x>
Nhu thé, cic tham s M, BX, By, Bw,
diéu chinh bang luat thich nghi (44)—(48).

va b, dugc

n
Pinh 1y: Luat diéu khién (38) két hop véi bd uéc
lugng tham s6 (44)—(48) on dinh s6 mii dap Gng
T
a=x y ¢ 0
T
Qg=% 7 00

Chirng minh: Xét ham Lyapunov

dén cac gia tri tham chiéu

s'M q s+’% +ibz
vzé . L A (49)
+—b2+—b2+—b2

BB b

Dao ham V theo thoi gian, ta dugc
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V=s"Mq s+%sTI\7I q s+ir‘ﬁcrﬁC
ﬂ% . . (50)
+—bb +—bb +—b b, L= B,b,
5 BT BT B
Thay (40) vao (50) ta dugc
(G ag4+C, aqq,
V=ST 1 .
+G q+Mq g, +=-Mgs

+imm +—bb +—bb +—bb

B, g BT B
+ﬂi6969—sTl\7l q As,

5
duoc khai trién thanh

(51)

€L XS, +C5,XS, +Cpp 7S, + 63,7,
s, +CLps, +C50s, +EL0s,
018, + 0,8, +My XS +My XS,
+My, .S +My,y,S,

1. , = =2
+E MyyS + My +My, §,S; +My,S,
1

1

SO A S T S
+ mcmc+—bxbx+;byby+ﬂ—bwbw (52)
4

2 3
+ﬂib b,-s'M €7
Thay luat thich nghi (44)—(48) vao (52) dan dén
V=-=s'Mq As<0,
Chy y rang M q

(53)
12 ma tran xac dinh dwong. V <0
véimoi A>0,suyra V<V 0, vavivay, s, m,
b, b, b, ‘
Barbalat chi ra rang s — 0 khi t — 0. Nhu thé, mat
truot 6n dinh tiém can, dan dén g, —>q,, va g, -0
khi t — 0. Vay, bo diéu khién thich nghl bén viing
(38), ma cac tham s cua n6 duge cung cap tir co cau
thich nghi (44)—(48), on dinh tiém can can truc thap
mb ta bang hé dong Iuc (15). NGi cach khac, hé on
dinh tiém cén dudi tdc dong cia bo diéu khién (38) va
co cau thich nghi (44)—(48).

va b, ¢ trong bién xac dinh. B4 dé

4. Mo phéng va két qua

Ta tién hanh mo phong s6 dap mg cua can tryc thap
dan dong boi bo diéu khién dé xuat. Hé mach kin gom
moé hinh toan (16) va (17), b diéu khién thich nghi
bén vimg (38), céu truc thich nghi (44)— (48) duge mod
phong s6 baing MATLAB. Dit liéu ding dé mo phong
cho trén bang 1. Ban dau, hang treo thing goc véi
nén: @(0) = 40) = 0°. Di chuyén xe con va quay thap
dugc tién hanh dong thoi. Gia tri ban dau cua cac
tham sé ™, 0 =b, 0 =b, 0 =b, 0 =b, 0 =0
cho thiy khong biét thong tin ban dau cua nhimg tham
s6 nay. Két qua mo phong thé hién trén cac hinh 3—
16.
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Bang 1. Tham s6 mo phong.

Cin truc thap

m. = 5 kg; m; = 50 kg; J = 30 kgm?; I = 3 m;
b, =90 Ns/m; b,= 140 Ns/m; b, = 12 Ns/m;

b, = 12 Ns/m; g = 9.81 m/s’

B dieu khién

41=0.8;4,=1; o =0.5;
O!Z—O5 Ki1=05;K;=05

Co céu thich nghi
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0.6 %107 Parameter estimation
0.4 \
0.2

0

Estimated damping
coefficient (Ns/m)

Angular velocity (rad/s)

_0'20 10 20 30 40 50 60 70 O0 10 20 30 40 50 60 70

Time (s) Time (s)

H.8  Van toc quay thp. H.14  Ubc ligng hé s6 cin b, .

0.05

X 10-3 Parameter estimation

Vs - i
-0.05 ? \f

0 10 20 30 40 50 60 70 3
Time (s) 0 10 20 30 40 50 60 70
Time (s)

H. 15 Udc liwong hé s6 cdn 69.

Angular velocity (rad/s)
o

Estimated damping
coefficient (Ns/m)

H.9  Van téc lic hang ¢ .

-3

- x10
I
2 Daép tmg can tryuc thap gom chuyen dong xe con, quay
En ~— thap, va cac goc lac hang dwoc thé hién trén cac hinh
% j / 3-6. Xe con chuyen dong tiém can dén vi tri yéu cAu.
2 . P LA . A A A
5 5 Thép quay Chlnh‘XaC dén goéc quay yéu cau va khong
=] ¢6 luong qua diéu chinh. Cic goc lac hang ¢ va &
<10, 10 20 30 40 50 60 70 duogc gilt nho trong sudt qua trinh van chuyén va bi
o Time () khir hoan toan & dich dén. Pao ham so cac chuyén vi
H.10 Van téc ldc hing O . (hinh 3-6), ta dugc cac yéu to van toc thé hién trén
B os Parameter estimation cac hinh 7-11. Céc yeu t6 van toc nay tién den 0 theo
2 su 6n dinh tiém can ctia cac thanh phan chuyén vi.
g 0 Céc tham sé i, b, by, bw va b,, udc lugng bing
§ 05 \\ cAu trac thich nghi, dugc thé hién trén cac hinh tir 12—
é \ 15. Mat du céac tham s6 ude lugng khong tién toi cac
-] gia tri thuc, nhung chung tién téi cac gia tri hang &
g4 o 10 20 30 40 50 60 70 U S S AP
Time (s) trang thai xac 1ap. So di c6 di€u nay la do c6 nhiéu gia
H. 11 Ubc luong khdi hrong hang M, . tri cua cac tham $0 dé dap ung cua hé hf)i ty. Vi the,
co cau thich nghi khong quan tam dén viéc tim ra cac
Parameter estimation gia tri thyc, mién 1a hé on dinh.
2
Se A A
£3 ., 5. Kétluin
== Chung t6i vira moi thiét ké thanh cong b diéu khién
£2 005 thich nghi bén vitng dua trén cdc ky thuat SMC va
28 MRAC. Tinh bén virng cta hé khi cac tham s bién
% 10 20 20 20 50 50 7o doirdng déq tu k¥ thuat SMC. Tinh thich nghi cﬁa.l}é
Time (s) dam bao boi ky thuat MRAC ma ¢ do bd dieu khién
H.12 Ubc lwong hé s6 can BX_ khong cén thong tin ban dau cua nam tham s6 quan
trong cua hé. Ket qua md phong cho thiy bo diéu
Parameter estimation khién lam viéc t6t va dam bao hé on dinh tiém can.
o 04 Diéu khién dua trén nén tang MRACva SMC cho mot
%E 03 16p céac hé phi tuyén hut co cau chél_p hanh s¢€ 14 huéng
S2 o, nghién ctru mé rong trong tuong lai.
Q@
E€ 01/
s Tai liéu tham kha
% 10 20 30 40 50 60 70 arficu tham fhao
Time (s) . .
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