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Piéu khién thich nghi bén virng khong dé quy méi trong nang/ha tai caa
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Abstract

In this paper, the author considers the design of a non-recursive robust adaptive controller for a two-dimensional overhead crane system with
varying cable lengths, to suppress swing angle during load hoisting/lowering, while tracking the load's trajectory under conditions of uncertain
system parameters and external disturbances. The proposed non-recursive robust adaptive controller, with only a time-varying and updated
parameter, eliminates the need to design a tool for estimating uncertain model parameters and disturbances. The controller is analyzed and
proven stable according to the Lyapunov theory. The trajectory tracking error of the trolley and all parameters in the closed-loop control
converge to zero and are bounded. Finally, simulations are performed to verify the feasibility and effectiveness of the proposed control

algorithm.
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Ky hié¢u
Ky hiéu Don vi M6 ta
M kg Trong lugng cua Xe con
m kg Khoi lugng cua tai trong
Iy m D¢ dai day cap
X m Vi tri chuyén dong cua xe
con
o(t) Rad Goc dao dong cua tai trong
Fx, Fi N Luc tac dong
a=[xh, H]T Véc to vi tri
F =[F,.F.0] Vée to dhu vao didu khién
=D LT Bién trang thii c6 diéu
khlrén tac dong .
q, =0 Biép khéng duoc  diéu
khién truc tiép
Tém tit

Trong bai béo nay tc gia xem xét thiét ké bo diéu khién thich nghi
bén viing khong dé quy cho hé thdng ciu truc con lic don trong
khéng gian hai chiéu véi chiéu dai day cap thay dbi, dé ngan chan
dao dong cua tai trong trong qua trinh nang va van chuyen dong thoi
theo ddi quy dao cua tai trong trong didu kién cac tham sé cua hé
thdng 1a bit dinh, chiu tac dong ciia nhidu ngoai. Phuong phép diéu
khién thich nghi bén viing khéng dé quy dé xuat, trong do6 chi can
cap nhat mot tham sé duy nhét theo thoi gian nham khéng can dén
thiét ké mot cong cu dé wdc luong cho cac tham sé chua biét va
nhiéu. Tinh én dinh cua hé théng dwoc dam bao thdng qua phan tich
Lyapunov. Két qua cho thiy sai sb, ciing nhu wdc lwong nhidu. Bo
diéu khién duoc phan tich va chiang minh én dinh theo tiéu chuén
Lyapunov. Sai s6 qu§ dao chuyén dong cua xe con va tit ca cac tham
s6 trong vong diéu khién kin hoi tu vé khong va b chan. Cudi cing,

céc thir nghiém mo phong dugc tién hanh nham kiém tra tinh kha thi
va danh gia hiéu qua cua phuong phap diéu khién da dé xuat

1. Giéi thi¢u

Hg théng cau truc dugc sir dung va nghién ciu rong rai
dé van chuyen hang hoa tai cac nha may, cong truong xay
dung, cang bién,... Hé thong cau truc hoat dong trong diéu
kién moi truong khong on dinh, dé chiu tac dong tir nhiéu bén
ngoai. Bén canh do, day 1a mot hé théng phi tuyén c6 mé hinh
dong hoc khong hoan toan xac dinh, dong thoi ton tai dic
diém thiéu hut co cau diéu khién truc tiép d6i vai mot sé bién
trang thai. Viéc kiém soét hé théng vira dam bao yéu cau van
chuyén tai trong tai vi tri mong mudn, vira dam bao han ché
rung lic cua tai trong. Bén canh viéc nghién ciru mé hinh cho
hé thong, thi diéu khién hé thdng ciing rit dwoc quan tam
nham cai tién chat lwong diéu khién gilp hé thdng cau truc
lam viéc ngay mot tét hon. Biéu khién cho hé théng cau truc
da duoc rat nhidu cac nha khoa hoc quan tam va phat trién.
Pau tién d6 1a bo diéu khién truyén thing, nhu bo didu khién
dinh hinh dau vao dugc dé xuat trong [1] va [2] nhiam giam
dao dong dur va dao dong tam thoi, va loai bo rung lac con lai
cua tai trong vao cudi thao tac. Trong [3] trinh bay phuong
phap dinh hinh duong cong Bezier dau vao, bang cach diéu
chinh vi tri cia cac diém diéu khién. Hé thong cau truc dugc
md hinh hoa dudi dang phi tuyen va thiéu co cau truyén dong,
khién cho viée diéu khién vong kin tro thanh mot can nhac
thiét yéu dé cai thién viéc van chuyén tai trong. Trong [4] trinh
bay phuong phap han ché rung lic cua tai trong bang cach sir
dung tuyén tinh héa phan hdi mot phan. Con diéu khién theo
ddi xe con va tai trong duoc thiét ké dua trén didu khién truot.
Bo diéu khién truot duoc trinh bay trong [5], da diéu khién
giam thleu d6 rung lic tai trong, theo ddi xe con dén dich
mong mubn va nang/ha tai trong dén chiéu dai tham chiéu cua
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cap. Trong [6] dé xuit thiét ké bo diéu khién du bao dua trén
Lyapunov, b diéu khién vira ¢am bao diéu khién bam quy
dao cua xe con, vira dam bao gigi han cia cac dau vao ciing
nhu dau ra cua hé thdng cau truc con lic doi.

Ngoai ra, dé d6i ph6 véi anh huong ciia nhidu ngoai, cac
phuong phap quan sat nhidu di dugc dua ra, nhu trong [7] bo
diéu khién bén ving dé dinh vi xe day va on dinh tai trong
duogc thiét ké trén co sé wdce tinh nhidu tong dua trén bo quan
st trang thai mo rong. Bo diéu khién dugce dé xuat [8] bao
gom mot bo diéu khién dao ham ty I¢, mot bo quan sat nhidu
va mot thanh phan bt bao gdm mot ham ghép. Thiét ké hop
Iy cua ham ghép cho phép lam giam d¢ lon cua géc lac, trong
khi b quan sat nhiéu cho phép giam tac dong cua nhiéu bén
trong va bén ngoai.

Céc bo diéu khién phia trén duoc thiét ké dya trén mo
hinh hé thong, diéu nay yéu cau mot md hinh chinh xac véi
c4c tham s6 rd rang. Tuy nhién, d6i véi hé thdng cau truc, tinh
phi tuyén manh mé caa n6 1am cho viéc xac dinh md hinh va
c4c tham s tro nén kho khan va khong hoan toan chinh xac

Dé giai quyet véan dé tham sé bat dinh cua hé thong cau
truc, da c6 mot s6 nghién ciru cho van dé nay. Bo diéu khién
PD két hop st dung mang no ron ham co sé huéng tam
[9][10], nhitng bét dinh cua hé théng cau truc c6 thé dugc bu
mot cach hiéu qua. Bo dinh hinh thoi gian thuc dugc thiét ké
bing st dung mang no ron nhin tao dugc dao tao bing
phuong phap téi wu hoa bay dan [11]. Ky thuat dé xuét duoc
cap nhat truc tiép cac tham sb cua bo dinh hinh theo thoi gian
thue dé xir 1y cac tac dong cua cac tham sé thay doi theo thoi
gian trong qué trinh van hanh can truc véi viéc nang tai trong.
Phuong phap diéu khién trugt phan cap thich nghi dua trén
mang no ron ham co s¢ hudng tdm (NNRBF) trong [12], da
xap xi mé hinh dong luc hoc bat dinh. Bo diéu khién dam bao
d6 rung l4c tai trong nho va sai s6 vj tri tiém can vé khong.
Dua trén mo hinh mo Takagi-Sugeno va bat dang thirc ma tran
tuyén tinh [13] phat trién diéu khién chéng rung lic va didu
khién vi tri hé théng cau truc. Trong [14] dé xuat bo diéu khién
Mang no ron dao ham ti I¢ thich nghi dé diéu khién dao dong
cta cau truc dudi tac dong cua tai trong nang. Trong [15] bang
céch thiét 1ap cac quy tic mo, chuyen dbi ché do truot dugc
tao ra mot cach thich nghi va quy tic thich nghi cua mang no
ron RBF dugc suy ra thém dé phi hop véi phan dong phic
tap va chua biét ciia hé thdng can truc trén cao.

Tat ca cac bo diéu khién thich nghi hay diéu khién thich
nghi bén vitng ¢ trén déu cho thay bo didu khién duoc thiét ké
phuc tap, can c6 cong cu dé udce lugng thanh phan bt dinh,
va yéu cau tai nguyén tinh toan lon. Trong bai béo nay trinh
bay mot phuong phap diéu khién thich nghi bén viing khong
dé quy cho hé théng cau truc con lic don trong khong gian hai
chiéu, nhiam theo d&i quy dao vi tri va han ché goc lic tai
trong trong qué trinh nang va van chuyén. Hé thong diéu khién
duogc thiét ké trong diéu kién cac thong sé cua hé théng bt
dinh va nhiu ngoai dang ké. Véi cac dic diém trén, nhiing
dong gop chinh cua bai bao nay c6 thé dwoc tém tit nhu sau:

+ Khi h¢ thong cau truc gap phai cc tham s6 khdng xac
dinh va bi anh huéng béi nhidu ngoai, cac phuong phap nhu
bo quan sat dé ude lwong nhidu hoac cac cong cu tién tién nhu
mang no-ron, logic mo, v.v., thuong duoc ap dung dé ude
lwong céc thanh phan bét dinh. Dé giai quyét ddng thoi ca hai
van d&: bat dinh va nhidu ngoai, so dd diéu khién khong dé
quy méi cing véi bd udce lugng mot tham sé duoc thiét ké cho
céc hé thdng cau truc con lic don ma khdng can dén thiét ké

cong cu dé udce luong cac tham sé bat dinh caa mé hinh, wéc
lugng nhiéu.

« Trong hé thdng c6 nhiéu tham sb bat dinh, chiu tac dong
ctia nhiéu, nhung chi can wéc lugng mot tham sé can thiét. Do
d6 tai nguyén tinh toan duoc tiét kiem.

Phan con lai cua bai viét bao gdm 5 phan. M6 hinh dong
luc hoc cua hé thdng dugc trinh bay trong Phan 2. Bo diéu
khién thich nghi bén viing khong dé quy va phan tich 6n dinh
cho hé thdng cau truc con lic don duoc thiét ké trong Phan 3.
Két qua md phong duoc trinh bay trong Phan 4 dé ching minh
tinh hiéu qua cua bo didu khién d& xuat. Cudi cung, Phan 5
két luan lai két qua nghién ctru cua bai viét.

2. MB® hinh hé théng céu truc con lic 2D

Hg thong cau tryc thiéu co ciu chép hanh dugc xem xét
trong khong gian 2 chiéu (trong mat phang toa d6 X0Y), dugc
m6 ta nhu Hinh 1. Xe day dugc Chuyen dong theo truc x, véi
chiéu dai cua day cap duogc thay d6i dé nang/ha tai. Gia thiét
day treo c6 khéi lugng khong dang ké va khong bi dan. Trong
qua trinh tai trong dugc van chuyén va nang/ha, tai trong bi
lic mot géc 6

.
']
‘\ ’

Hinh 1: Céu tric hé ciu truc duoc biéu didn trong miat phing hai chiéu

Céc ky hiéu trong Hinh 1 dugc dinh nghia nhu sau: M la
khéi luong cua xe con; m 1a khéi luong cua tai trong; I 1a
chiéu dai cua cap, c6 thé thay ddi dé nang ha tai trong; g 1a gia
toc trong truong; X(t) va @(t) mo ta vi tri chuyén dong cua
xe con va goc dao dong cua tai trong khi van chuyén; F, F
lan Iuot tac dong 1én xe con va tai trong, dong vai tro 1a dau
vao cua hé thdng. Muc tiéu didu khién 1a dua tai trong dén vi
tri yéu cau trong khi han ché ti da dao dong phaét sinh trong
qué trinh di chuyén.

DPong luc hoc cua hé thdng duoc thiét lap thong qua
phuong phéap Euler-Lagrange nhu trinh bay dudi day [6]:

H(@)d+C(a,9)q+G(q)+D=F D
trong d6 Q= [X, Il,H]T l1a véc to vi tri; F =[FX, R ,0:|T biéu
thi cho véc to lyc tac dun Ién toan hé théng; H(q) 1a ma tran
quan tinh cé kich thuéc 3x3; C(qg,q) la ma tran ly tdm va
giam chan c6 kich thudc 1a 3x3; G(q) 1a véc to trong
trudmg ¢6 kich thuée 3x1; D xic dinh nhiéu ngoai tac dong
I&n hé thong co kich thudc 3x1.

Céc phan tir trong cac ma tran H(q), C(q,q), va véc to
G(q) nhu sau:
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M+m msind ml cosé
H(@)=| msind m +m 0 ;
ml,cosd 0 ml?
b, mdcosd ml, cosd—ml;sing &
C(a,9) = by -mh6 ;
0 mlho mll,
0
G(qg) =| mg(cosd) |.
mgl;siné

b,,b, biéu thi ma sat khi xe con di chuyén va nang tai trong.
Gia thiét 1: Véc to nhiu D I lién tuc va bi chin. Do dé ton
tai mot hang s6 d; sao cho || D[<d; .

Nhan xét 1: Do b truyén dong chi c6 thé cung cép tin higu
diéu khién trong mét giai han cho phép cho hé thong. Do @6
IF|| < Fmax, trong d6 Fmax 1a hang sé duong biéu thi luc téi
da ma bo truyén dong co thé tao ra. ’
Nhan xét 2: Cac tham s6 va bién trang thai cia hé¢ thong bi
chan. Vi vay ma tran H(Q), cac véc to C(q,q)q va G(q)
cling bi chan.

3. B diéu khién khong dé quy cho h¢ thong
cau truc 2D

Hg thdng cau truc 1a mot hé théng hut co cau chap hanh,
Vi s0 bién dau vao nho hon s6 bién can diéu khién. Hé thong
can diéu khién ba bién daura x, |, va @, trong khi d6 chi c6
hai dau vao diéu khién 1a F, va F,, diéu nay lam cho hé
thong cau truc kho diéu khién. D¢ diéu khién h¢ thong cau
truc dugc thuan loi hon, tac gia chia thanh bién trang thai c6
cociuchaphanhla x va |, (g, =[x, L]") va bién trang thai
khong c6 co cau chip hanh 1a g, = 6. Phuong trinh (1) duoc
Viérrt lai dudi dang hai phuong trinh dong luc hoc 1a du co céu
chap hanh va thiéu co cau chap hanh:

Haa (@)da +Hay (@4, +Caa (A, 9)Ga +Cay (A, 9)4,
+G,(@)+D, =F,

2

Hua (@)da +Hyy (@G, +Ca(@,0)4a +Cyy (9,0)4,

+G,(@)+D, =0 )

H H H
Vi Haa(q)={ 1 12}; Hau(q)z{Hle’} la ma tran

H21 H22 23
quén tinh cua bién trang thai du co cdu chap hanh, bién trang

Cu clz}

thai thiéu co cdu chip hanh; Caa(q,Q):{
Ca Cp

C . .
C..(0,9) ={C13} Ia ma tran ly tdm va giam chan cua bién
23

trang thai du co cAu chap hanh, bién trang théi thiéu co ciu

. G
chap hanh; Ga(q)z{Gll} la véc to luc trong trudng;
21

D, € R??* xac dinh véc to nhidu ngoai; F, =[F,,R]" luc tac
dong trong phuong trinh dong luc hoc dii co cau chap hanh
(2). Tuong tu nhu vy, v6i phuong trinh dong luc hoc thicu
co cau chap hanh (3), cac ma tran va véc to:

Hya () :[H31 H32]' Huu (a)= H33’
C@®)=[Cqy Cyp]. Cu(@d)=Csy , G (A)=Gy ,
D, € R ¢6 y nghia tvong ty nhu phuong trinh (2).

Tt phuong trinh (3) viét lai dang phuong theo bién trang thai
thiéu co cau chap hanh nhu sau:

dy = —Hyy (@)H, (@8, — Hy (@)Cya (0,0)d,

_Huu (q)Cuu (q’q)qu _Huu (q)Gu(q)_H;j(Q)Du (4)
=fu (9,9)

Thay phuong trinh (4) vao phuong trinh (2), dong luc hoc cua
hé thong du co cAu chap hanh duoc viét lai theo bién trang
thai c6 co cau chap hanh nhu sau:

G = H7"(@)(Fa ~Cur (4.0)da ~Coy (a.6) 4 )

B . ‘ 5)
@G (@) —-Hy (@b =f,(q,9)

Vai
Hy (@) = Haa (@) —Hay (@) Hgs (@) H,a (0);
Ci (.6)=Caa (9.6) ~Hay (@Hu (@)Cua (0.9
Cy1 (6,8) = Cay (6,8) — Hay (O)Hy (@)Cy (@, 6);
G (4)=G4(4)~Hau (@Hu @Gy, (@);
Dy =D, —Ha, (@)Hy; (@)D, .
Dit bién trang thai X, =q,; X, =0, , X3 =0, ; X4 =0, khi
d6 dong luc hoc ban dau ciia h¢ thong cau truc con lac don co
thé duoc sap xép lai thanh:
)'(1 =X,
H_l(X11X3)( ua (% X3)% + Cya (%1, X5, X3,X4)X4 )
- HJU (XI'XB)(Cuu (Xq, X2, X3, X4) X3 + G, (X, Xs))
—Hy; (%1,%5)D,
X3 =X, (6)
Xy = H?l(xllxs)(Fa =Gy (X1'X21X3’X4)X4)
?1(X1vx3)(02f (X11X21X3:X4)X3 +Gf(X1!X3))

_H?l(Xst)Df

Muc tiéu diéu khién cta bai viét nay 1a diéu khién chuyén
dong cua xe con theo mot quy dao tdi vi tri mong mudn (o
va ngan chan sy rung lic cua tflli trong. Céac dai lugng trang
thadi mo td hé thong dugc biéu dien theo cong thuc sau:
Xig =0yg =0 goc

laic mong muon cua tai trong;
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T ~ A o g .
Xag =0aq = [Xd Ly } : quy dao mong muon cua tdi trong;
O =X —Xqq © sai sO cua goc lac; ¢, =X, : toc do lac cua tai
trong; ¢3 = X3 —Xa4 © sai sO vi tri cla xe con; ¢, =X, : van
toc chuyén dong cua xe con; F, : tin hiéu diéu khién. Hé

phuong trinh (6) duoc viét lai theo bién trang thai méi nhu
sau:

& =6
d = —Hug (1,00) (Hua (8,050 + Coia (8.0, 65,00 )
—Hs (@,05) (Cuu (61102 63,00)0s + G (1,05))
—Hi (4.4:)D,
5% :¢4 - X3d
¢y = HY (81.5)Fa —H (8,05)C1r (61,00 05.04) 04
—H T @.8)(Cor (010204304 )0 +G ¢ (61.3))
—H7 (.6,)D;

U]

Do su ton tai cua cac tham sb chua biét trong ma tran
H (0,85) , (7) duoc viét lai thanh:

b1 = loHT (01, 03)1 2002 +F1(61,02, 05, 64)

¢z = 1oH T (61, 03)03 + 12 (61, 62,03, 64)

d’s = H?l(¢1,¢3)¢4 +13(¢1, 02,03, 94)

ds = H™ (01, 93)Fs + 4 (01,02, 03, 04)

®)

I 1a ma tran don vi c6 s hang va sb cot theo chi s6 bén dudi.
Céc ham f; (¢, 9,,05,0,) (i =1+4) dugc xac dinh nhu sau:

(0102005, 04) = (1= o H 7 (61,0515 )0
T (1,02,03,04) = ~ 11 HT (1, 8)05 — Hiy (6, 03)Hua (61.03)d

—Hu (@.95)C0a (9o, 05, 9

—Hi (81.63)C 00 (61,02, 63,65

—Huy (,6:)Gy (1,03) - Hc (41.6)D,
f3(¢1!¢2'¢3!¢4) = (|2><2 - H}l(¢1,¢3))¢4 —Xag
f4(01,02.03,04) =—H (&.0:)C1r (1.0, 05.01 ) b4

~HT (@.0:)C21 (4102, 05,04 )0

—HT(0.6:)G ¢ (61.0)

—H7(6.45)D4
Dé diéu khién vi tri cia xe con bam theo mot quy dao dat

cho tru6c t6i vi tri mong mudn, dong thoi ngan chan sy rung
lac cua tai trong. Phuong phép thiét ké diéu khién khong dé
quy dam bao hé thong on dinh toan cuc ngay ca khi h¢ thong
bat dinh va chiu tac dong cua nhidu ngoai, ma khéng can s
dung céc cdng cu nhu: xac dinh ma tran hdi quy, mang noron

hay logic mo, bo quan sat nhiéu,... dé wéc lugng tham s6 bét
dinh, udc lugng nhiéu.

©)

Dé thiét ké bo diéu khién trudc hét phép ddi bién dugc thyc
hién nhu sau:

¢ . I ST !
e]_:T, eZZF,e3:F,e4:F (10)

trong do L 1a tham s6 thay doi theo thoi gian voi diéu kign ban
dau L(0) =1. T (10), hé phuong trinh (8) dugc viét lai nhu
sau:

e =L |1x2H?l(¢1x¢3)|2x1 €;
+%f1(¢11¢2v¢3-¢4)—%91
& = L1, Hi (01, 95)e;
+ bbb )25,
€y = LH}1(¢1,¢3)e4
1 L
+Ff3(¢l’¢2’¢3’¢4)_3ﬁe3

_H(01.05)
€, = Qe

(11

F +%f4(¢1,¢2,¢3,¢4)

Bo diéu khién cho h¢ thong cau truc con lc duge duge dé
Xuat nhu sau:

Fa = _L4Kl‘h - LS K2¢2 - L2 K3¢5 -L K4¢4 (12)

Vé6i Kj(i=1+4) 1a ma tran hé sb xac dinh dwong véi

K:Kll . K:KZl .K:KSl 0 )
7o ’ 271 0o BT 0 Ky |
K4:K41

0 Ky

tran A la ma tran Hurwitz, va P 1a ma tran d6i xang xéac dinh
dwong thoa min phuong trinh Lyapunov: ATP +PA =—I 66

} ; cac hé sé K, duoc lya chon sao cho ma

0 1 01><2 01><2
_ 0 0 I1><2 01><2
o2><1 02><l 02><2 I 2x2

Thamsé L thay ddi theo thoi gian, dugc cap nhat véi luat cap

nhat nhu sau:

L=e¢'e (13)
T

Vi e:[eI, ey, ey,en ]

Hg thong vong kin duoc thiét 1ap 6n dinh, véi bo diéu khién

(1‘2),’Iuat cap nhat tham so (13), hé kin (11) s& hoi tu tiém cén

Ve goc toa do. )

Hé (11) duoc viét lai dudi dang ma tran nhu sau:
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. L f, (4,
e=LEAe+f(§,L) - Ae (14) ‘% s%(|¢l|+|¢2|+...+|q|)
SHCERRD <1 (fea|+e]+ -+ e1]) 18)
1.+ S}’max(|2x1 el +1oa e2|+|e3|+|e4|)
Ffz (¢l’¢2’¢3’¢4) _ I I I I |e|
vi A=diag(1.2.334,4); f(o,L)=| =Vmax[l2a loa 12 o]
— 7 ($,,0,,0-,
F kb max(1,72.73.74) . do 6
1.7
— 4 (01,02, 93.9,)
LD aeTeg,L) < 2feT|[P[f(o, L)
Ell 01><2 01><2 Ol><2
0 En 0. 0. <2fe"|[P|Ble (19)
E= Opz O Hi(01.3) 02,2 < 8 max Amax (P)||e||2
02><2 02><2 02><2 H ?1 (¢1' ¢3)

Véi By = |1x2H?1(¢1a¢3)|2x1? Ex = |1><2H;1(¢1'¢3)
Hg théng dugc phan tich on dinh véi ham éng vién Lyapunov
duoc dé xuat chon nhu sau:

V =e'Pe (15)
Pao ham ham Lyapunov (15) ¢6 duoc:
V=¢"Pe+e'Pé
[ T
=(L EAe+f(d,L) —IAe] Pe
(16)

+eTP(LEAe+f(¢, L)—%Aej

=—Le'Ee+2e' Pf(¢, L)—ZEeT PAe
Nhan xét 3: Theo Gia thiét 1, Nhan xét 1, 2 va phuong trinh
(9), ton tai mot hang duong y sao cho
i
|fi (-)| < 7i2|¢j|v J €Ny
j=1
Do L=e"e>0 vaL codiéu kién dau L(0) =1 vi vay tham sé
thay ddi theo thoi gian L(t) >1. Theo Nhan xét 3 va (10) c6
duoc:

f (b ds)|_ 7

e R G
<7 (feal +ei) (17)
< Yimax (|e1|+|ez|+ I es|+ I e4|)
=7’max[1 1 1y, |1><2]|e|

voik=1,2

Amax (P) 1 gia tri riéng 16n nhat cia ma tran P; ma tran

1 1 I1><2 |1><2

1 1 1 |
B= 1x2 1x2

I2><1 I2><§|. I2><2 I2><2

I2><1 I2><l |2><2 |2><2
Nhan xét: Do P lamatran doi xing xac dinh duong, A lamatran
dudng chéo, do d6 Q = PA la ma tran doi xiing xé4c dinh duong,
Hon nita tham s6 thay ddi theo thoi gian L(t) > 1. Vivay
256 PAe < 2 Ay ([l <0 (20)

Amin (Q) 12 gi4 tri riéng 16n nhat cia ma tran Q. Tur phuong
trinh (19), (20), phuong trinh (16) duoc viét lai nhu sau:

V., —(LEmin —8/maxAmax (P)) Il € I @1)
trong d6 E;, = min(H{}j) .
L(t) 1a hiang sé xac dinh duong thoa man diéu kién:
8 P)+1
Emin
Do vay
V<-ele<o (23)

Tu (15) va (23) suy radugc e bichanva e -0 khi t —> .
T .
Do d6, ¢ [4,:[@,4;},4,;,4)1 } jcﬁng bi chan khi t > o .

Diéu nay c6 nghia tit ca c4c tin hiéu cua hé théng vong kin 1a
bi chinva L(t) ciing bi chin. Do vay, ta co:
limg=0

t—o
Nhu vay bo diéu khién dam béo sai s6 diéu khién vi tri s hoi
tu tiém can veé khong, van toc qhuyéq dong cua xe con s& h@i‘ tu
vé khong khi tai trong duoc diéu khién dé dat téi vi tri yéu cau.

(24)
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) DPé minh hoa rd hon qué trinh diéu khién cua b(}'diéu
khién thich nghi khéng dé quy va bd ude lugng tham s6 cho

hé thdng cau truc con lic don, so dd khéi cua bo diéu khién

nay dwoc minh hoa trong so @4 Hinh 2.

X
B¢ diéu khién f ﬁ o la=
Quy dao dit khong dé quy PSS N 0
T 7 R -k K, s e
Ay :[qu'Qud I : . ' : “ﬂ”%m
-L Ks% =L K4¢4 Q
/Y
Luat cap nhat tham $6
L=¢e"e -
voi e -4
L
Hinh 2: So db khéi diéu khién hé théng cau truc con lic don.
4. Ket qua mo phong kiém chimg 4.1 Két qua md phéng kich ban 1
Dé kiém tra tinh kha thi cia phuong phép diéu khién da Ty TR T
phat trién, tac gia ticn hanh trién khai cac kich ban mo6 phong 1S ———————— R e
trong muc nay. Cac tham s6 cua hé thong dugc st dung trong z
mb phong nhu sau: M =4 kg; m, =15 kg; m=17 kg; g o 1
g =9,81m/s? b, =20Nm/s;b, =50Nm/s . Vj tri ban ddu N ]
cua tai [X9;ho] =[0;1,1] (m). Quy dao cua tai trong dugc thiét =
ké nhu sau. 00 5 10 15 ‘ 2‘(] 25 30 3‘5
Xd = 1, 5 Time [s]
. (25) 0
hg =1,1+1,2.pimf(t,[0 10 20 30 40]) ' ' ]
Céc tham s6 dieu khién duoc chon nhu sau: Ki =[0,1;0]; K = .l ]
[0,1; 0]; Ks = diag(20,1800); K4 = diag(90,10); tham so bat £
dinh, thay doi theo thoi gian dugc thict ke vai gid tri ban dau < L |
L(0) =1. é
Hai kich ban mé phong dwoc tién hanh dé minh hoa cho s ‘ ‘ ‘ ‘ ‘ ‘ ‘
- 5 10 15 20 25 30 35

kha nang ap dung va hiéu qua cia phuong phap da néu. Trong
Kich ban 1, cac tham s6 m6 hinh 1a hing s6 nhung chiu su tac
dong cua nhidu ngoai nhu Hinh 3. Trong Kich ban 2, hé thong
bi anh huong bai nhidu ngoai nhu Hinh 3 va cac tham sb hé
thong thay doi.

3l | | .

A | | .|
I | L I |
1] 5 10 15 20 25 30 35 40

Offset=0

Hinh 3: Nhi&u ngoai tac dong Ién hé théng

Time [s]

Hinh 4: Quy dao chuyén dong ciia xe con theo truc x (kich ban 1)

40

Quy dao dat ----- Quy dgo thyc|
2.5 T T T T T T

Quy dao diy cap [m]

I
0 5 10 15 20 25 30
Time [s]

I
35

E
=-0.002
£
B
&
&-0.004
s
&
=.-0.006
=
S
"% -0.008
=
w
001 s . L . s .
0 5 10 15 20 25 30
Time [s]

Hinh 5: Quy dao chuyén dong cua day cap (kich ban 1)

35
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0.15 ; ; ; 0.4
031 1
0.1+
= 02f 1
T
0.05 - =
o 0.1 1
=
=
= &
£ of g0
= .
g 01 1
-0.05 &
> 02 1
0.1+ 03F 1
-0.4 ‘ ‘ ‘
-0.15 - ‘ : . . : : 0 10 20 30 40
0 5 10 15 20 25 30 35 40 Time [s]

Time [s] . . . .
Hinh 9: Van toc lac cua tai trong (kich ban 1)

Hinh 6: Géc lic cua tai trong (kich ban 1)

30 . . . . . . T
— £g ——--- T
g o4 - . . 201 1
P N | —
EY 03y K8 % 10 g
s o02b N - =
£ kY of
E 0.1r \M\"‘m\w T
g nptr, 10 I . . L . . |
A A " LAl Lo Aol .
g o — . : e 0 5 10 15 20 25 30 35 40
= Time [s]
&1 . . .
Z 10 20 30 40 50 . . .
Time [s]
£
=
3
5
< o . . . . . . .
h 0 10 15 20 25 30 35 40
@ Time [s]
0.1 : ! . N . A 1a . X
0 10 20 30 40  Hinh 10: Lyc tac dong Ién xe con (kich ban 1)
Time [s]
. ALk 2 an . . 25
Hinh 7: Van toc chuyén dong theo truc x (kich ban 1) -2 T I I I I T T
=
S 1sp 1
z 02 z
% 0.1 b= ! 1
£ 5
> 0 .05 J
<« =
3 = . s . . ‘ .
<01 0 5 10 15 20 25 30 35 40
§~ Time [s]
-0.2 ]
£18 . : . .
<
Time [s] =
= 16 1
=
0.1 T °
S 14f 1
g 0.05 | =
_— <« 12 4
123 ]
B L e S T e S e e A T -
& = ‘ | I | | ! .
; 005 1 5 o 5 10 15 20 25 30 35 40
3 o1f i Time [s]
‘ i Hinh 11: Luat cap nhat va gia tri cap nhat caa tham sb (kich ban 1)

o
O

=)
=)

20 30 40
Time [s 7
) ) . 4.2 Ket qua md phéng kich ban 2
Hinh 8: Van toc chuyén dong cua cap (kich ban 1)

Hg thong chiu sy tic dong cuia nhidu ngoai nhu Hinh 3, dong
thoi khoi Iugng cua tai trong thay doi m =5,1kg.
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\ Quy dao dat ----- Quy dao thyc

15 : e = : . ; ;
-l , J
& !
3 ll
ke /!
Tosfk ¢ .
o ’
> ,’

.
.
o ! | ! L ! L !
5 10 15 20 25 30 35 40
Time [s]
0 T T T T T

E
=05 .
i
z
<
2ot .
=
172]

s | | ‘ | ‘ | ‘

0 5 10 15 20 25 30 35 40
Time [¢]

Hinh 12: Quy dao chuyén dong cua xe con theo truc x (kich ban 2)

)5 Quy dao dat ----- Quy dao thuc ‘

Quy dao day cap [m]

Time [s]

-0.005

dao diy cap [m]
S
s> &
- o
o=

6 quy
s
=)
S}

-0.025

Sai s0

0 5 10 15 20 25 30 35

Time [s]

Hinh 13: Quy dao chuyén dong ciia day cap (kich ban 2)

40
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Time [s]

Hinh 14: Géc l4c cua tai trong (kich ban 2)
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Hinh 15: Van téc chuyén dong theo truc x (kich ban 2)
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Hinh 16: Van téc chuyén dong cua cap (kich ban 2)
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e
T
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(=}
T

-0.3 ! 3
0 10 20
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Hinh 17: Van téc lic cua tai trong (kich ban 2)
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30 T T T T T T T

20 b

.
0 5 10 15 20 25 30 35 40
Time [s]

Hinh 18: Luc tac dong lén xe con (kich ban 2)
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w« 0.5 L 4
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&) 0 5 10 15 20 25 30 35 40
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Hinh 19: Luat cap nhat va gia tri cap nhat caa tham sé (kich ban 2)

Tur céc két qua md phong cua hai kich ban, két qua kich
ban 1 tir Hinh 4 d&n Hinh 11, két qua kich ban 2 tir Hinh 12
dén Hinh 19 cho thay: Hinh 4, Hinh 5, Hinh 12, Hinh 13 thé
hién su bam quy dao chuyén dong vi tri ciia xe con va hoi tu
cua sai s6 quy dao vé khong. Hinh 7 dén Hinh 9, Hinh 15 dén
Hinh 17 cho thay sy hoi tu ciia quy dao van tdc, sai sé cua quy
dao van tbc ciing hoi tu vé& khong. Gac lic cua tai trong dugc
thé hién trong Hinh 6, Hinh 14 c6 gigi han trong mot khoang

nho [-0,1; 0,1] (rad) (= 6° ). Hinh 10 va Hinh 18 Ia tin hicu
luc didu khién tac dong I&n xe con, tai vi tri can bang lyc dugc
hoi tu. Hinh 11 va Hinh 19 cho thiy luat cap nhat va gia tri
cap nhat caa tham s6 thay ddi theo thoi gian ciing dwoc hdi ty.
Qua céc két qua md phong cua ca hai kich ban thay dugc rang
hé théng cau truc con lic don trong khong gian hai chiéu chiu
su tac dong cua nhidu ngoai, tham sé cua hé thong thay doi,
v6i bo didu khién thich nghi khong dé quy duoc dé xuat quy
dao chuyen dong vi tri cua xe con bam theo quy dao mong
mudn, goc lc cua tai trong duoc kiém soét trong mot khoang
nhé, cac tin hiéu cua hé thong kin déu hoi tu. Nhu vy bo diéu
khién hoat dong hiéu qua va kha thi.

5. Két luin

Bai bao xem xét diéu khién hé thdng cau tryc con lic don
trong khong gian hai chiéu, véi chiéu dai day cap thay doi,
dugc xét trong diéu kién lam viéc chiu tac dong 16n tir nhidu
ngoai, cling véi cac tham s cua hé thong 1a bat dinh. Bo diéu
khién thich nghi bén viing khong dé quy duoc dé xuat, duoc
thiét ké doc lap véi dong luc hoc cua hé thong va bén viing
Vvé6i su bat dinh ciia mé hinh va nhidu ngoai. Bo diéu khién
don gian, khdng can xem xét téi cac cong cu dé udc luong
cho cac tham s bét dinh ciia hé thong hay wdc lugng nhiéu.
Thay vao d6 mét tham s6 thay ddi theo thoi gian dwoc thiét
ké véi gia tri duoc cap nhat theo luat cap nhat. Viéc nay
khong chi gilp giam thiéu thoi gian tinh toan cho b diéu
khién ma con don gian hoa thiét ké, tir 46 nang cao kha ning
ng dung trong thuc tién. Bo diéu khién ciing dam bao hoat
dong o6n dinh trong hé théng vong kin. Nhiing két qua mo
phong thuc hién da khang dinh tinh kha thi va hiéu qua cua
phwong phap dé xuat.
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