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Céng truc gian banh 16p
biéu khién bén virng
B6 quan sat trang thai
mé& rong thoi gian hitu
han

Trong bai b4o nay, mot phwong phap diéu khién bén virng dwa trén bd quan sat trang thai
mé& rong thoi gian hiru han dwoc phat trién cho hé thong cdng truc gian banh 16p dwéi tac
doéng ctia nhiéu gié. Trudc tién, mot bd quan sat trang thai mé rong dwoc dé xuit khong chi
wéc lwgng nhiéu gié do méi trudng bién tac dong con cé thé quan sat van tdc nhim giai
quyét van dé kho khin trong viéc 1ap dit cdm bién do. Thoi gian hoi tu ctia bd quan sat dwoc
phén tich va tinh toan 1am co s& danh gid sy 8n dinh cho toan bd hé théng diéu khién. Tiép
theo, bd diéu khién trwot ting dwgc trinh bay dwa trén két qua wéc lwong clia bd quan sat.
Sw 8n dinh cta hé thdng dieu khién dwoc chirng minh bing cach st dung ly thuyét 6n dinh
Lyapunov nham dam bdo sai léch wéc lwong hoi tu vé mot mién bi chin va sai léch trang
thai hoi tu vé khong. Cudi cling, tinh hiéu qua cua phwong phap dé xuit dwgc kiém chirng
théng qua mo phdong s6 va so sanh véi bo diéu khién trwot tiéu chuén trong tredng hop bi
tac dong béi nhiéu gio.
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In this paper, a robust control method based on finite-time extended state observer is
developed for the rubber-tired gantry crane under the influence of wind disturbance.
Firstly, an extended state observer is proposed to estimate not only the wind disturbance
from the marine environment but also to observe the velocity to address the difficulty in
sensor installation. The settling time of the observer is analyzed and calculated to serve as
the basis for evaluating the stability of the whole control system. Subsequently, a
hierarchical sliding mode controller is presented based on the observer's estimation
results. The stability of the control system is demonstrated using the Lyapunov’s stability
theory to ensure that the estimated error converges to a bounded domain and the state
error converges to zero. Finally, the effectiveness of the proposed method is validated
through numerical simulations and compared with a standard sliding mode controller in
the case of wind disturbance.
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1. Giéi thiéu

Ngay nay, cac thiét bi ndng chuyén nhw
céng truc va ciu truc cé vai tro quan trong
trong qua trinh cong nghiép hoa, hién dai
héa. V&i hau hét cac linh vuc trong cong
nghiép nhw xay dung, co khi, dong tau, van
tai,... céng truc va ciu truc gidp cai thién
dang ké kha ning x€p va van chuyén hang
héa, tr d6, ndng cao nang suit lao dong.
Trong linh vwc van chuyén hang hai, cong
truc v&i két cdu banh 16p dwgc xem nhw
mot gidi phap tiém nang trong qua trinh vin
chuyén hang héa tai cac cang bién. Mac du,
cong truc gian banh 16p [1] va cong truc di
chuyén trén ray [2] déu dwoc rng dung cho
cac nhiém vu ngoai troi, nhung cong truc
gian banh 16p cho thiy kha nang di chuyén
linh hoat nho hé thong banh 16p thay vi viéc
di chuyén trén dwong ray c6 dinh. Trong khi
dé, ciu truc [3] v&i két cdu dang cau thuwong
thiép lap va &ng dung trong cac nha xwdong.

Trong nghién cru nay, tac gia tap trung
vao cac rng dung van chuyén hang hoéa tai
cac cang bién véi do linh hoat cao. Vi vy,
cong truc gian banh 16p dwgc xem la doi
twong nghién ctru trong bai bao nay. Viéc
diéu khién céng truc gian banh 16p 1a mot
trong nhirng thach thirc chinh do dic diém
phitc tap ctia doi twong cling nhw sw tac dong
dén tir méi trwong. Do c6 nhirng dac diém
twong tw trong qua trinh thiét ké diéu khién
cla ciu truc va cdng truc gian banh 16p, nén
nghién ctru cong truc gian banh 16p con han
ché [1], [4], tac gia da xem xét viéc thiét ké
diéu khién cho hai loai dé ting sw da dang
trong viéc khao sat. Nhiéu mo hinh dong luc
hoc ctia cong truc va cau truc da dwoc dé xuit
nham phuc vu muc dich tinh toan, diéu khién,
bao gom mo hinh hai bac tw do trong [3], [5];
mo hinh ba bac ty do trong [6], [7]; m6 hinh
bon bic tw do trong [8], [9]; va m6 hinh ndm
bic tw do trong [10], [11]. P& ¢4 thé ning cao
dd chinh xac trong chuyén dong ciing nhw

62

han ché sw rung lac cia hang héa, cac bo dieu
khién bam quy dao dit dwoc tip trung
nghién ctru va phat trién. Trong dé, hé thong
diéu khién phan hoi vong kin st dung b6 PID
dwoc dé xuat trong [12], bo diéu khién LQR
dwoc dé xuit trong [13], hay bd diéu khién
moé hinh du doan (MPC) dwoc phéat trién
trong [14]. Ngoai ra, ly thuyét vé diéu khién
phi tuyén dwoc ap dung pho bién dé xir Iy hé
thiéu co cu chidp hanh nhw hé théng cong
truc va cau truc. Trong [15], b diéu khién
tregt dwoc thiét ké gidp nang cao hiéu suit
chuyén dong, dic biét cé thé bén virng vdi
bat dinh. Ngoai ra, b diéu khién trwot ting
dwoc dé xudt trong [16], trong khi, bo diéu
khién trwot bac hai dwoc phat trién trong
[17]. Mit khéc, cac phwong phap diéu khién
dwoc dé xuit bang cach két hop diéu khién
truot véi cac ly thuyét diéu khién khac. Vi du,
bd PD két hgp diéu khién trwot trong [18],
diéu khién trirot két hop tuyén tinh héa phan
h6i mot phan trong [19],... Tuy nhién, trai
nguoc voi ciu truc dwoc van hanh tai cac khu
cong nghiép, cong truc gian banh 16p phin
16n chuyén dung dé xép hang héa tai cac cang
bién. Do vay, cic yéu té vé moi tredng anh
hwdéng 16n dén chit lwgng diéu khién, chang
han nhw nhiéu gié. O' cac nghién ctru [1],
[20], [21], bd quan sat nhiéu dwoc dé xuit
nham muc dich xem xét nhiéu trong thiét ké
diéu khién. Ngoai ra, viéc 1ap dit cdm bién dé
do téc dd phuc vu hé thong diéu khién ciing
la mot thach thirc 1én, do vay, bd quan sat
trang thai dwoc xem la giadi phap hiéu qua
lam gidm phu thudc vao cam bién khi diéu
khién. Trong [4], hai b0 quan sat dwa trén co
s& mang no ron dwoc dé xudt nhim wéc
lwong t6c dd va nhiéu, tuy nhién, véi viéc st
dung cac 1ép nhiéu nut mang, hé thong co
thoi gian phan hoi ldu va chi phi tinh toan 16n
khi xem xét nhiéu trong sé.

Trong ndéi dung nghién ctu nay, mot
phwong phap diéu khién bén virng dwoc dé
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xudt cho cong truc gian banh 16p két hop véi
b0 quan sat trang thai mé rong giip dam bao
hiéu sudt bam quy dao dat ngay ca khi c6 sw
anh hwdéng ctia bat dinh va nhiéu moi treong.
Thay vi, chi tip trung vao giai quyét bat dinh
va nhiéu nhv trong cac nghién ctru [1], [20],
[21], phwong phap dé xuit cho phép doéng
thoi gidi quyét nhiéu, bat dinh va quan sat
trang thai, gidm thiéu sw phu thudc vao cam
bién. Viéc kiém chirng phwong phap dé xuit
dwgc thwc hién thong qua phin mém mo
phoéng. Cau tric cua bai bdo bao gom nhirng
ndi dung nhw sau: Phan 2 trinh bay mé hinh
nam bic tw do cua cong truc, tir do, bién doi
sang mo hinh diéu khién; Phan 3 thiét ké bd
quan sat trang thai mé rong va tinh toan thoi
gian hoi ty; Phin 4 trinh bay thuit toan diéu
khién dwa trén b quan sat & Phan 3; két qua
mé phong dwoc thé hién trong Phan 5; va
cudi cung la két ludn trong Phan 6.

2. M6 hinh toan hoc

Dwa vao nghién ctru [1], md hinh toan hoc
clia c6ng truc ba chiéu (3D) dwoc biéu dién:

M(q)4+C(q,q)q+D(q)q+G(q)=F+d (1)

Trong d6, M(q)eR> 1a ma tran quén
tinh, C(g,q) € R*°1a ma tran Coriolis ly tam,
D(q)eR™ 1a ma tran can; G(q)eR™ la
vector trong lwc; q=[x y [ «a B]T la
vector trang thai véi x,yla vi tri cia cong
truc va xe con, I la chiéu dai cap day, va a,f
hai  géc

F=[F, F, F, 0 0] la tin hiéu didu

la dao dong cua tai

khién; va d=[d, d, 0 d, d,]|

nhiéu gié. Nhw vay, c6 thé thiy, s lwong bién
trang thai q cua céng truc 3D nhiéu hon s6
lwgng bién diéu khién F. Vi vdy, phwong
trinh (1) cdn dwoc phan tich thanh hai hé con

xem xét Dbién trang thai kich hoat
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Q=[x »y I]TVébié'ntrangthéikhéngkich

hoat q, =[a ﬁ]T nhw hé phwong trinh sau:

M,, (a)d, +M,, (q)d, +C,, (9,9)d,
+C,,(9.4)q, +Dy, (q)d, +Dy, ()4,
+G, (q)=F, +d,

M,, (d)d, +M,, (q)d, +C, (0,4)d,
+C,, (q’Q)qu +G, (q) =d,

(2)

, d,
Trong do, F, :I:FX F, F,:l va d:[d }

Bién do6i hé phwong trinh (2) thu dwoc hé
phwong trinh sau:

l\711 (q)qa + Eu (q: q)qa + E12 (qr q)qu

+(_}1 (q)=Fa+da ]
M, (q)d, +C,, (2,9)d, +C,, (0,9)d, (3)
+G,(q)=F, +d,

Trong do:

M, (q)=M M, (q)M,;" (q)M,,(q);

1 (a)-
(

C11(q» ) D,, q)+c11(

a)

-M,, (q)M,," (q)C;, (a,4) ’
C;,(9.9)=Dy,(a)+Cy,(a,4) ,
M, (a)M,," (4)C;, (a,9)
G, (a)=G,(a)-M, (a)M," (a)G. (a);
M ,(4)=M,,(q)-M,,(q) M," (a)M,;(a);
€. (9.4)=C; (a.4)
M,, ()M, (q)Cy, (0.9);
-M,, (q)M,," (q)Dy, (q)
Cy, (9,4)=C;,(a,9)
-M,, (q)M,,” (a)Cyz (0. 9);
-M,, (q)M,,” (4)D,, (q)
G,(a)=G;(a)-M,; (9)My," (9)G1(a);
F, ——1\421( ) (q)Fa.
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Vé&i phwong trinh (3) 1a mé hinh toan hoc
cla céng truc gian banh 16p, dwoc str dung dé
thiét k& mo6 hinh b6 quan sat trang thai mo
rong va bo diéu khién trong cac phan tiép
theo ctia bai bao.

3. B0 quan sat trang thai mé rong
bat z, =q va z,=q , phuong trinh (3)

dwoc viét lai dwdi dang hé truyén nguoc chit:

z, =1,

z,=M"(z,)F+¥ (4)

R & A S
Trong do, &= : la bién phu gobm mot

by

phin md hinh va nhiéu, v&i §, e R™ va

¢, € R* dwoc tinh nhw sau:

g da—Eu(zl'ZZ)qa
b =M, (Zl)(_élz (Zl'zz)qu_él (ZI)J
L ‘ (5)
_ " 21(Z1'Z2)qa
§.=M, (zl) c j. -G
-C,, (erzz)qﬂ_Gz (Zl)

T phwong trinh (4), mé hinh b quan sat
trang thai m& rong dwoc trinh bay nhw sau:

A ~ a; .
z,=2,——17Z,
u
A _ 1 2 a2 ~
z,=M (zl)FJrE—Fz1 (6)
A a, .
E:_ﬂ_gZI

Trong d6, z,,Z,,§ la cac bién dé wéc
lwong z,,z,,§; z, =z, —Z, la sai léch woc
lwong z,; u, a, @, a,la cic tham s6 bd

quan sat. T phwong trinh (4) va (6), thu
dwoc mo hinh sai léch:

X
u

Z,=7,+ z,

(7)

¢4
3~
—1Z

:€+

NVaa Rl
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Trong d6, Z, =z, —2,, §=§—§ lan luot 1a

sai léch wéc lwgng cuaa

%:[éx é;y £ &, éﬁ]T voi  gid  thiét
HEHSL Viét lai hé phwong trinh (7) bang

Z,, § va

cich st dung bién phu e, B, e R*™ voi
i=1+5:

e, =Ae, +B, (8)
Trong do:

[z1 iz 2]2[81 e, € €, es]T;

[Bl BZ B3 B4- BS ]T )

Zo1o0
U
A= a_g 0 1/|.DPé tim tri riéng clia ma
u
a
‘u—i 0 0

tran A, xét dinh thirc:

-4 1 o
u
Am-Al=| %2 2 -1|=0 (9)
u
a
e 0

Bién d6i phwong trinh (9), ¢6 tri riéng cua
A 1a nghiém ctia phwong trinh:
A3 % A2 _% A _%

pooowow

=0 (10)

Céc tham s6 diéu khién «a,,a,,a,, u dugc
chon sao cho ma tran Ala ma tran Hurwitz,
tirc 1 da thiee (10) c6 nghiém A ndm bén trai
truc do. Nhw vay, véi bat ki ma trin déi xirng
xac dinh dwong Q ludn ton tai duy nhit ma
trian doi xirng xac dinh dwong P théa méan
phwong trinh Lyapunov:

A"P+PA+Q=0 (11)
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bEé xét sy 6n dinh cua bd quan sat trang
thai mé rong chon ham Lyapunov:

5
Viso = ZeiTPe

i=1

(12)

Liay dao ham hai vé (12) va két hop véi
phwong trinh (8) c6 thé thu dworc:

25:( "Pe. +eTPe)

1

ESO

M- &

> (Ae, +B, ) Pe,

1
=N

(13)

+Z e,'P(Ae; +B,)

5

= Z( "(A"P+PA)e, +2B,Pe, )

Thay (11) vao (13) va st dung bat dang
thirc ma tran, c6 dworc:

(-e"Qe, +2B,Pe, )
Ze e, +2ZIIB [Pl
Ze e +2vZIIe |

5
ESO
i=1

<-A

mm

(14)

mm

<vdogia thiétdanéuva
ma trdn P 12 ma trdn hi3ng sd xac dinh
duong, A, (*) 1a ki hiéu tri riéng nhé nhit

cla ma tran * . Mat khac, tir phwong trinh

(12), c6 thé danh gia nhw sau:

()3 Jef < P)Y el

Vi <

ESO —

rnm Amax ( (1 5)

Véi A, (*) 12 tri riéng 16m nhit cia ma
tran *. Ap dung bat ddng thirc Bunhiacopxki
cho vé sau cia phwong trinh (14) va két hop
v&i phwong trinh (15) thu dwoc:

, 5
ESO mm ze e +2V 5[ ei Z)
i=1

mm (Q) 2'\/_]/

S Amax P) VESO ' mm (1 6)
Amm Q) 2'\/>V ‘min (Q)
[ZA”W (P VESO mm (P) ]\/@ Zlmax (P) VESU
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#5vA, (P)
Ain (Q) §f 2 (P)

7 Amm Q
VESO = ZA—(())VESO

(16) tré thanh:

Neu\/—

(17)

Nhuw vay, gidm ham Lyapunov dan dén su
hoi tu cla cac sai léch wéc lwogng dén mot
mién bi chdn trong thi gian hiru han:

s W (P) Y
2 el SB“"’"('AWAQ‘)AW,.(PJ (19)

Hé théng c6 thé bi danh hwéng béi nhiéu
khién sai 1éch d4y ra khoi vi tri cAn bang; song
néu sai léch qua 16m, dong lwc hoc cia hé thong
kéo ching tré vé diém cin bang. Hai trang thai

5
s 1A N N Y . 2 \
d6i 1ap nay cin bang khi ) |le;|" ~ B, va sau
i=1
thoi gian hitu han, sai léch ndm trong viing 1an
A 5 J 2 ~ / e . A
cancia Y |e,|” = B . D& tinh toan thoi gian hoi

i=1

tu cia bd quan sat trang thai mé& rong, dat

o _ zﬁv(1-z) ~ Aw(Q) 6
1 Z \/ Amm ( ) ‘o ZAmﬂX ( )
€ (0,1), c6 duoc:
ESO - @ ESO ®2VESO (19)

Viét lai phwong trinh (18) dwéi dang vi
phan, thu dwoc:
dVESO
VESO +®ZVESO

dt<-

o (20)
Tich phan hai vé phwong trinh (20) trong
doan [0,¢t

ESO ]

teso 0

[de<—]

0

AV
0, \/ Viso + 0,V

(21)

Viso
Nhuw vay, thoi gian héi tu cia bd quan sat

trang thai mé rong dwoc tinh toan nhuw sau:

[91 V;;O +0,Viso } (22)
0,

2
teso <—1In

2
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4. Thiét ké bd diéu khién bén virng
Bo diéu khién dwoc thiét k€ nham muc dich
dat dworc vi tri mong muén cda q, va loai bo
T
dao dong goc q,, . Giad stt, q,4 =[Xd Yy Id] )
Q.. =0,,, 1an lwot la gia tri dat cta q, va q,.
Xét mat trrgt dwoc dinh nghia nhw sau:
s=e, +c,e, +c,e, +ce,

(23)

Trong do, e, =q,—q,, 1a sai 1éch vi tri;

e, =q, —q,q1a sai léch géc dao dong cua tai;
— T -

S= [51 Sz 53] ;¢ =diag(c,;,¢p,¢55)
c,, 0 ¢, O

c,=| 0 «¢,|,c;=| 0 «c,, |lacactham sb
0 0 0 0

diéu khién. Pao ham hai vé phwong trinh (23)
thu dworc:

s:((':ia_qad)—i_cl(qa_(Elad)

. .. 24
+C2(qu_qud)+c3(qu_qud) 4

Tin hiéu diéu khién F, dwoc thiét ké gom
hai thanh phan. Thir nhat, tin hiéu diéu khién
F

a

. €0 nhiém vu gilr cac bién trang thai &

trén mat trwot, 1a nghiém cua phwong trinh
$=0.Keéthop (3) vdi (24) va st dung dau ra
cia bd quan sat trang thai mé rong, c6 thé
thu duoc:

E _(1\71171 - (:21\_/[2711\/1211\/11171 )71

a_eq

(orchirodrcd)

\ . 7 A A » A7 =7
Ngoai ra, tin hiéu diéu khién F,  gitp
cac bién trang thai tién vé mat truot, dwoc dé
xudt st dung ham sgn(*) nhu sau:

F

a_

SW =—(l\7ll’1 —-c,M, "M, M, )71 c,sgn(s) (26)

Trong do, c4:diag(c 043) [a ma

4—1’C4—2’
tran dwong chéo xac dinh dwong. Nhu vay,
bang cach két hop hai tin hiéu diéu khién
thanh phan, tin hiéu diéu khién F, dwoc tinh

toan nhu sau:
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F,=F

a_

+F

eq a_sw

_ — -1
_(M1_1 _C2M2_1M21M11_1) (2 7)

(Ea +¢,§, +¢,q, +¢,q, +c4sgn(s))
Buéc tiép theo, tinh 6n dinh cta bd diéu

khién dwoc xem xét, chon ham Lyapunov
nhu sau:

v="Lsms (28)
2
Pao ham hai vé cta (28) va két hop véi
(23), thu duoc:

; T (qﬂ_qﬂd)+cl(qa_qad) J
V= 29
i [+C2 (qll _qlld)+c3 (qu _qud) ( )

Dwa trén (3), (6) va (27), phwong trinh
(29) dwoc bién doi thanh:

ST (Mlil _CZM271M21M1171)
+§, +¢,8, +¢,q, +¢,q,
=-s'c,sgn(s)

Mat khac, nhw da chirng minh & Phan 3,
sau khoang thoi gian 6n dinh, sai léch wéc
lwong hoi tu tai mot mién bi chdn, mé ta
trong phwong trinh (18). Do 46, vo&i

F

V a

(30)

_ST (ia + cZEu + c1(71;3 + Csflu)

c,, C,, €, 1a cdc ma tran hdng s6, ludn ton tai

0 > 0 thod man Hia +C2£u +C1(ia +c3au <0.

Khi d6 tir (30), ¢6 thé danh gia:
V<-s'c,sgn(s)+[s|o
< _||s||(/1min (C4 ) B 9)

Nhu vy, bang cach chon 4, (c,)>6,hé

(31)

thong diéu khién ddm bdo tinh 6n dinh theo
Lyapunov. Bang viéc str dung mé hinh toan
hoc & phwong trinh (1), bd quan sat trang
thai va bo diéu khién bén virng lan lwot dworc
dé xuit trong phwong trinh (6) va phwong
trinh (27).
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______________________________

Bo diéu khién

B0 quan sat trang
thai

Ma hinh cau
truc 3D

trwot

Hinh 1. Chién lwoc diéu khién phwong phap dé xuit.

So d6 diéu khién ciia phwong phap dé xuit
dworc thé hién trong Hinh 1, trong d6, van téc
va anh hudng ctia nhiéu dwoc wéc lwgng béi
bd quan sat trang thai va dwa vao bo diéu
khién, ddu ra cta cong truc la vi tri dwoc
phan hoi dé tim ra sai léch.

5. M6 phong kiém chirng

Bing ciach st dung phin mém
MATLAB/Simulink, cic két qud md phong
dworc trinh bay cu thé trong phan nay dé kiém
chirng tinh hiéu qua cia dé xuat. Thong so cua
mo hinh cong truc 3D duwoc dwa trén nghién
ctru [1], cting véi thong s6 bd quan sat trang
thai mé réng, va bd diéu khién SMC dwoc liét
ké: m,=5kg , m,=085kg , m, =7 kg ,
m,=2kg , b,=27Ns/m , b, =18 Ns/m
b,=20Ns/m, b,=5Ns/m, a,=a,=-6
-11 , =01, ¢,=055, ¢,=05
100

¢,, =C,; =50.

)

)

)

, € =€, =01, c¢;;=c,=-5

)

C
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Cac thong s6 ctia bo quan sat trang thai moé
rong va bd diéu khién duoc chon sao cho thoa
mén diéu kién da tim ra & phwong trinh (10),
(18) va (31). Ngoai ra, trong nghién ctru nay,
nhiéu gié d dwocxem xét tic ddonglén mo hinh
cOng truc, mé ta béi phwong trinh sau:

d=0.5p0k,c Av? (32)
Trong do:

p =1.25 kg/m*1a mat do khong khi;
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v =3.5m/s latoc do gio;
Cac ma tran:

k, =diag(1.1,1,0,1.07,1.07);
c,, =diag(1.1,1,0,0.4,0.6);
A =diag(0.8,0.2,0,0.01,0.01).

Tl cic théng so trén két hop védi phwong
trinh (1), cong truc gian banh 16p dwoc mo
phéng bang md hinh todn hoc dua trén phan
mém MATLAB/Simulink. Ngoai ra, phwong
phap dé xuit (ESO-SMC) dwoc so sanh véi bo
diéu khién trwot thong thwong (SMC) dé kiém
chirng d6 hiéu qua. Trong Hinh 2, vi tri cia cong
truc mong mudn c6 gia tri bang 4 m trong 30
gidy dau va gidm xu6ng 3 m trong 30 gidy tiép
theo. Trong khi d6, vi tri mong muén ctia xe con
c0 gia tri bang 2 m tai 30 gidy d4u va tang 1én 3
m & 30 gidy sau, thé hién trong Hinh 3. Déi v&i
chiéu dai day cap, gia tri mong muén dworc giit
& mirc 1.5 m trong su6t 60 gidy, nhw trong Hinh
4. Nham gitr 6n dinh va gidm rung lac cho tai,
cac gbc dao dong dworc gitt tai vi tri khong trong
sudt qua trinh vin hanh. Nhw dwgc trinh bay
trong Phan 3, phwong phap dé xuat khong chi
wéc lwong trang thai con wéc lwong nhiéu, nhw
trong Hinh 2 dén Hinh 8.

Hinh 2 va Hinh 3 cho thiy thoi gian dap Gng
ctia bo diéu khién dé xuat vao khodng 7 gidy, va
gitt on dinh sau khoang 5 gidy tai thoi diém
chuyén gia tri dat. Trong khi dé, thoi gian dap
trng cda chiéu dai day cap vao khoang 4 gidy va
gitt on dinh trong su6t qua trinh, nhw trong
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Hinh 4. Cac gbc chi xuit hién dao déng, va vi tri
cua xe, chiéu dai diy cdp trong qua trinh qua
do, tién vé gia tri dat, nhw trong Hinh 5 va Hinh
6. V& mat sai 1éch tinh, b0 diéu khién dé xuit
cho thiy kha nang loai bd sai 1éch tinh ngay khi
c6 sw xudt hién cua nhiéu gi6 trong phwong
trinh (32). Piéu nay dwoc thuwc hién bdi kha
nang wéc lwgng chinh xac ctia bd quan sat
trang thai mé rong, thé hién trong Hinh 7 va
Hinh 8. Trong phan mo phdong kiém chirng, bd
diéu khién dé xuit dwoc so sanh véi bd diéu
khién trwot thong thwong dé nhan manh dong
gop trong nghién cru nay. Dudi tac dong cua
nhiéu & phwong trinh (32), bd diéu khién truot
thong thwong khong thé gitip cac trang thai ciia
hé thong khong thé dat dugc gid tri mong
mudn mot cach chinh xac. Cu thé, trong Hinh 2,
sai léch vi tri cong truc vao khoang 0.7 m, trong
khi sai léch vi tri xe con roi vao khoang 0.4 m
nhw Hinh 3. Sy dao dong va sai léch tinh dwoc
quan sat & hai goc lac, thé hién trong Hinh 5 va
Hinh 6. Bang cach st dung bd quan sat trang
thai mé& rong, phwong phap dé xuit da loai
bé dwgc dnh hwdng clia nhiéu. Ngoai ra, thoi
gian dap &ng cta vi tri cong truc, vi tri xe con
va chiéu dai diy twong d6i ngdn, sw dam bao
vé dao dong goc tai ludén gitt & mic nho va
tién vé khong khi 6n dinh.

5
4 v T
B
)
%2 —REF
/ —ESO-SMC
1 : &
/ SMC
0 { 1 1 B E—
0 10 20 30 40 50 60
Thai gian (s)
Hinh 2. Vi tri c8ng truc.
Clwra
= | // —REF
11/ —ESO-SMC
t, ]
or SMC 1
0 10 20 30 40 50 60

Thai gian (s)

Hinh 3. Vi tri xe con.

1.5 7
!
E .l
= 1 | —REF
f —ES0-SMC
J [
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0 10 20 30 40 50 60
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Hinh 8. U6c lvong sw anh huéng cda nhiéu.
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6. Két luan

Trong ndi dung nghién cru nay, phwong
phép diéu khién bén virng dwa trén b6 quan sat
trang thai m& rong dwoc phat trién dé€ dam bao
hiéu suit bAm quy dao dwdi sy anh hwdng cia
nhiéu gié. Ngoai ra, vdn dé kho khan trong viéc
13p dat cAm bién do dwoc gidi quyét khi bod
quan sat trang thai mé rong co thé wéc lwong
van toc. Tiép theo, bd diéu khién trwot ting
dwoc dé xuat két hop véi bd quan sat trang thai
mé& rong. Thoi gian hoi tu ciia bo quan sat dwoc
tinh toan dé phan tich tinh 6n dinh cta hé
thong. Cac két qua mo phong da chirarang tinh
hiéu qua ctia phwong phap dé xuit trong viéc
xem xét &nh hwéng ctia nhiéu va gidm thiéu
cam bién do. Trong twong lai, cic bai kiém tra
thwc nghiém dwoc tién hanh dé kiém chirng
phwong phap dé xuit.

Tuyén bd Khong xung dot lgii ich va cam
két ban quyén

Tac gid tuyén b6 vé sy khong xuat hién
nhitng xung dot tiém an tir nghién cru nay,
va cam két bai bao chwa tirng dwoc cong bd
truwdc day.

Chia sé dir liéu theo yéu ciau

Dir liéu sé dwgc cung cip theo yéu cau.
Loi cam on

Nghién ctru nay dwoc tai tro béi Trwong

Pai hoc Hang hai Viét Nam trong dé tai ma
s0: DT24-25.28.
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