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TOM TAT

B diéu khién Backstepping va bé diéu khién Sliding Mode duwoc thiét ké dé diéu khién cho hé
théng treo nita xe chii déng, phi tuyén. Bdng cdach so sanh hiéu sudt giita cdc b diéu khién
Backstepping, Sliding Mode, PID va hé lhong treo thu dong (hé lhong treo khong suw dung bo
diéu khién) dé tim ra phwong phdp diéu khién tét nhat. Cdc hiéu sudt dwoc xem xét dén la: su
thodi mai khi di xe, d6 bam dwong, khong gian treo va sy bdo hoa lyc. Matlab Simulink dwoc s
dung dé mé phong va cho ra két qua dudi tac dong dau vao mdt dwong cho truée. Két qua cho
thay, bg diéu khién Sliding Mode cho két qua tot nhat. Sau do, la b diéu khién Backstepping va
PID. Heé théng treo st dung bo diéu khién cho két qud 16t hon hdan hé théng treo thy dong.

Tir khoa: Hé théng treo chi dong; Diéu khién cudn chiéu; Diéu khién trugt; M hinh nira xe.
1. MO PAU

Hé thong treo 1a hé thong lién két giira than xe va cum truc banh xe, giup dam bao st thoai
méi va an toan cho nguoi ngdi trong xe. Hé thong treo c6 thé dugc chia lam ba loai: h¢ thong
treo thy dong, ban chi dong va chu dong. HE thong treo thu dong bao gorn 10 xo va bd giam chin
duoc lép gitra than xe va cum truc banh xe. N6 c6 uu diém 1a co ché don gian, dé thuc hién va do
tin cay cao, nhung khong du trong viéc cai thién su thoai mai khi di xe hoac bam duong vi ly do
dic tinh cua 16 xo va giam chan bat bién khong thé xir Iy dwoc nhing diéu kién mat duong khac
nhau. Hé thdng treo ban chu dong c6 bd giam chan hodc 10 xo thay ddi, co nghia 1a hé s6 giam
chan hodc do cimg cua 10 xo ¢6 thé dugc didu chinh trong pham vi nhat dinh. Do tiéu thu ning
lwong thap va do tin cdy cao, ching c¢6 sin trong nhidu loai phwong tién san xuét. Tuy nhién, luc
diéu tiét cua giam chén va 16 xo 13 rang bi han ché boi cac rang budc thu dong, tirc 1a ching chi
6 thé chéng lai chuyén dong tuong ddi va tiéu tan mot cach thu dong. biéu nay lam han ché su
cai thién thoai mai khi di xe mic du dwoc cai thién dang ké so voi hé thong treo thu dong [1-4].
Do nhiing cai tién thich hop cia h¢ théng treo chui dong c6 kha nang cai thién sy thoai mai khi di
xe va kha ning bam duong, linh vuc nghién ciru nay van hap dan trong nhidu nam [5-9]. Vi hé
théng treo chua dong, bd truyén dong duoc dat gitra than xe va cum truc banh xe, song song voi
céc bo phan cua hé thong treo c6 thé bd sung hodc tiéu hao ning lwong tir hé thdng, cho phép hé
thong treo kiém soat trang thai ctia xe dé ting sy thoai mai va an toan.

C6 nhiéu phuong phap diéu khién cho hé théng nay nhu: Sliding Mode [10, 11],
BaCkStepplng [12-14], PID, Fuzzy, ... Trong cac nghién ctru [10-14], cdc bd diéu khién deu cho
két qua rét tot, nhung cac yéu cau vé hiéu suit nhu bam dudng va do bao hoa bod truyén dong
khong dugc xem xét.

Trong bai bao nay, ndi dung can giai quyét dugc trinh bay ¢ muc 2. Muc 3 trinh bay phan mé
phong, tinh toan va thao luan. Muc 4 rat ra két luan.

2. NOI DUNG CAN GIAI QUYET

2.1. Xay duyng md hinh toan hoc cho hé théng treo nira xe
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2.1.1. Gia thiét ban dau

Néu bén trai va bén phai ctia 6 to6 d6i xtimg, mé hinh hé thdng c6 thé dugec md phong nhu mod
hinh ntra xe nhu hinh 1. M va | dai dién cho khéi lvong va mé men quan tinh theo truc ngang cia
than xe. my, m, lan luot 1a khéi hIorng khong bung phia trude va phla sau. Fsq, Fga, Fsz, Faz biéu
dién lyc do 10 xo va bd giam chin tao ra. Fyq, Fyq, Fyp, Fyp biéu dién luc dan hoi va giam chin
ctia 16p xe. Z, 1a ly do theo phuong thang dung cua than xe, ¢ 1a ly d6 goc quay theo truc ngang
ctia than xe. Z;, Z, 1a ly d6 ctia khdi luong khong bung. Zo1: Zo2 1a dau vao cua mat dudng vao

banh xe lién quan. a, b 1a khoang cach tir dau trude va dau sau dén trong tam than xe. Uy, U, 1
luc dau vao diéu khién hé thdng treo.

! 1
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Z Feo[ Foo F T Fan z,
L my m, J

Hinh 1. Mé hinh hé thong treo nira xe [15].
2.1.2. Xay dung phwong trinh
M® hinh dong luc hoc cua hé thdng treo duge biéu dién nhu sau:

MZ. = ~F,+ U, 1)
I = —F,+ U, 2
miZ; = Fy - Fpy - Uy 3
myZ, = Fp - Fop = Uy 4)
trong do:

F,=F+F Fy =Fg + Fgq

F, = —aF, + bF, F, = Fy + Fy,

U, =U; + U, Fo1 = Fq + Fpy

U(p = —alU; + bU, Fopp = Fip + Fyy

Fsi, Fyy lan luot 14 Iyc dan hoi cta 16 xo va 16p xe. Fy;, Fp; 1an luot 1a luc giam chin cua giam
chéan va 16p xe (i = 1, 2), duoc tinh theo cong thuc:

Fs1 = kp1(Zr — Zy) + ky (2 — Zl) Fo = ko (Zy — Z3) + kno(Zy — Z5)° )
ber(Zy — 2,), néu (2, —2,) 2 0 bea(Zy — 2,), néu (Zy —2,) > 0

d1 — . . A, . . d2 = . . . . . (6)
ber(Zp — Z1), néu(Z; —Z,) <0 ber(Zy — Z,), néu(Z, —Z,) <0

Foy = k1 (Z1 — Zo1) Foy = kea(Zy — Z532) (7

Fyp1 = bp1(Z1 — Z41) Foo = bpy(Z2 — Z43) (8)
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2.2. Thiét ké b diéu khién cho hé thdng treo nira xe
2.2.1. Nhitng yéu cau vé hiéu sudt ciia hé thong treo

Dé thiét ké bd diéu khién, nhitng yéu cau vé hiéu suit cia hé théng can duoc quan tam. Bén
yéu cau chinh v€ hi¢u suat cta hé thong treo la: Sy thodi mai khi di xe: nhiém vu chinh cua h¢
thong treo la giup on dinh chuyén dong thang dtmg va chuyén dong quay ciing nhu cb 1ap luc
truyén cho ngudi ngdi trén xe. Gia tdc 1a dai lwong dai dién cho sy thoai mai ciia nguoi ngoi trén
xe va can kiém soat no trong gidi han cho trudc. PO bam dudng: tai dong cua 16p khong duoc
vuot qua tai tinh d6i véi ca banh trude va banh sau ¢é dam bao sy bam duong cia xe, duge biéu
dién boi phurong trinh sau:

ID1] = |Fe1 + Fpe| < Ff |Dz| = |Fez + Fp2| <F 9
trong do:
Fr+FE =gM+m; +m,) Fr(a+b) = g(Mb+my(a+b)) (10)

Khong gian treo: do két cau co khi, khong gian treo khong dugc vugt quéa gidi han cho phép,
¢o thé duoc mo ta nhu sau:

|Z; — Z,| < 4Z;max |Z, — Z,| < AZ,max (11)
Bio hoa bo truyén dong: Tét ca cac bd truyén dong cta thiét bi co khi déu phai bio hoa bién
do, ture 14, do 16n lyuc sinh ra boi bd truyén dong bi gidi han.
|U; ()| < Uymax, (i=12) (12)
2.2.2. Thiét ké b¢ diéu khién Backstepping
Bo diéu khién Backstepping duoc tao ra v&i muc dich giit cho sai léch e; = Z, — Z%, e, =
@ — @ tién vé 0. Dat cac bién trang thai: x; = Z.,x, = Z0, X3 =@ , X4 = @, X5 = Z1 ,Xg =

Z1,%; = Z, ,xg = Z5. Thé cic bién trang thai vao phuong trinh (1)-(4), dugc phuong trinh trang
thai sau:

1
561 = xz 5('2 = M(_FZ + UZ) (13)
. 1
X3 = X4 X4 = 7(_F(p + U(P) (14)
. 1
X5 = Xg X == (F1= Fo1= Up) (15)
1
X7 = Xg Xg = _(Fz - Uz) (16)

Lién h¢ gilta Zf , Z, theo Z , ¢ duoc mo ta qua phuong trinh sau:
Zs = Z. + asing Z, =Z,.— bsing 17)

Thiét k§ bo diéu khién ao xg sao cho e; hoi tu vé 0. Dt sai léch dao dong than xe theo
phuong thang dung:

€1 = X1 — xf €2 = X3 — xéi (18)
Chon b diéu khién ao xg dé e; hoi tu vé 0:

x¢ = %% — kytanh(ey), (kg > 0) (19)
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Xét ham Lyapunov: V; = %elz , dao ham hai vé ham nay, thu dugc:

V1 = 6162 - kleltanh(el) (20)
Néu e, = 0, suy ra V; < 0. ey s& ddm bao hdi tu vé 0. Tim lut diéu khién U, dé sai léch e,
hoi tu vé 0. Xét ham Lyapunov:

1
VZ = Eezz + V1 (21)

Qua mét vai budc bién ddi toan hoc don gian, rit ra biéu thirc sau:

V, = —k,e; tanh(el) + e, (—%(—FZ +U,) —x¢ +e;) (22)
Chon luat diéu khién U, tir phuong trinh (22):

U, = F, + M(i# — k;(1 — tanh(e;)?)é; — kytanh(e,) — e;) (23)
Thé U,, tir phuong trinh (23) lai phuong trinh (22):

V, = —k,e,;tanh(e;) — k,e,tanh(e,) < 0 (24)

Vay lut diéu khién U, théa man sai léch e; , e, hi tu vé 0. Tim luat diéu khién U,, twong tu
nhu U,:

Uy = Fp + 1(%§ — k3(1 — tanh(ez)*)é3 — kytanh(e,) — e3) (25)
trong do:
e; = x3 — x& ey = x4 — X% + kstanh(e;)

U,, U, duoc tinh théng qua mdi quan hé véi U, Up dugc biéu didn qua phuong trinh sau:
UZ = Ul + l]2 U(P = —aU1 + bU2 (26)
2.2.3. Thiét ké b¢ diéu khién Sliding Mode
Dé thiét ké bo didu khién Sliding Mode, phwong trinh trang thai (13)-(16) van duogc sir dung

cho muc nay. Tim luat diéu khién U,, dit sai léch cua thanh phan dao dong theo phwong thing
dung:

e, = x; — x¢ (27)
Chon mat truot:
S =¢é;1+ce (28)

Xét ham Lyapunov: V = 2 sZ.Dao ham hai vé ham Lyapunov, thu dugc:
2

V =5,5 = s,(&, +cyey) (29)
Sau mot vai budce bién dbi toan hoc don gian, thu duoc:

. 1 .

V= S1[M (=F,+U,) —x; +creq] (30)

Tir phwong trinh (30), chon luét diéu khién U, nhu sau:
U, = E, + M(i — c,é; — k,tanh(s;)) (31)
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Thé U, tir phwong trinh (31) vao phuong trinh (30), ta duoc:
V = —kys tanh(s;) < 0 (32)
Vay luat diéu khién U, dam béo gia trj sai 1éch e; tién vé 0. Tuong ty, luat diéu khién U,
U(P = F(p + I(jég - C3é3 - kgtanh(53)) (33)
trong do6, sai 1éch goc nghiéng than xe theo phuong ngang va mat trugt s; dugc dat nhu sau:
e; = x5 — x¢ S3 = é3 +c3e;3
3. MO PHONG, TiNH TOAN, THAO LUAN
3.1. S6 liéu dau vao
Thong s6 mo hinh hé thong treo nira xe dugc trinh bay trong bang 1, thong s cua cac bd diéu
khién dugc ghi & bang 2.
Bing 1. Théng s6 mé hinh hé thong treo nita xe.

bai lugng Ky hié¢u Gia tri bon vi
Khbi lugng than xe M 1200 | kg
Khdi lwong khong bung phia trudc my 100 kg
Khdi lwong khong bung phia sau m, 100 kg
M0 men quan tinh than xe I 600 kgm?
Do cling thanh phan bac 1 16 xo ke, 15 kN /m
Do cimg thanh phan bac 3 10 xo k,, 1 kN /m3
Heé s6 giam chén ciia hé thong treo b.1 1500 Ns/m
Heé s6 giam chén ciia hé thdng treo b1 1200 Ns/m
Do clng 16p xe trude ke 200 kN /m
Do cimg 16p xe sau ko 150 kN/m
Hé s giam chan 16p xe trudc by, 1500 Ns/m
Hé sb giam chan 16p xe sau by, 2000 Ns/m
Khoang cach dau xe dén trong tim than xe a 1.2 m
Khoang cach dudi xe dén trong tdm than xe b 1.5 m
Vian tdc xe %4 20 m/s

Phuong trinh mo ta mat duong:
A v
Z, = 5 (1 - cos(2mt. Z)) (34)

v6i A 13 bién d6 doan duong nhip nho, v 12 van téc xe, L chiéu dai doan nhap nhd. Thong sé
chiung nhu sau: A = 0.08 m,L = 5m, v =20 m/s.
3.2. Két qua md phéng va binh luin

Quan sat hinh 2, thoi gian hoi ty vé 0 cta dao dong theo phuong thfmgﬁ dang va dao dong goc
theo phuong ngang stir dung bd dicu khién Backstepping va b dicu khién Sliding Mode tuong
duong nhau. B dicu khién PID cho déap umg vé 0 chm hon hai bo diéu khién Backstepping va
Sliding Mode. V& dang quy dao cua dap Ung dau ra, hai b diéu khién Backstepping va Sliding
Mode khong bi dao dong. Trong khi d6, bé PID va hé thong treo thu dong cho dap tng dao dong
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trude khi hoi ty v& 0. Hinh 3 thé hién dap ung vé gia téc cta than xe khi di qua mat dudng nhap
nho. Gia tdc ciia than xe khi sir dung bo diéu khién Backstepping va b diéu khién trugt cho két
qua twong duong nhau va nho hon déng ké (khoang 1/3 14n) so véi khi st dung bo PID va khong
sir dung bo diéu khién. Qua do6 thiy dwoc hiéu qua cua cic bo diéu khién vé phuwong dién cai
thién sy thodi mai cho nguoi lai.

Road — P55
0.08 — PSS - Backstepping
- = Backstepping —Sliding mode
0.06 . ——PID
""" SlidingMode
—  0.04 —-—PID =
E g —
~NY 0.02 s
0
-0.02
0 1 2 3 4 5 0 1 2 3 4
Thai gian (gidy) Théi gian (gidy)

Hinh 2. Dao déng cua thdn xe.

—PSS

-+ Backstepping
—Sliding mode
—-=PID

o (rad)

3 —PSS
- -+ Backstepping
-4 —Sliding mode
—-=PID | | | .
0 1 2 3 4 5 0 1 2 3 4
Thai gian (gidy) Théi gian (gidy)

Hinh 3. Gia téc cia than xe.

Trong bai mo phong nay, gia tri 16n nhat ma co ciu chip hanh co thé tao ra 1a 5000N. Tir
hinh 4, cac bo diéu khién déu dua ra tin hiéu luc U trong khoang cho phép. Hinh 5 1a cac db thi
thé hién khong gian hoat dong ciia hé thdng treo. Theo thir tyr tir trén xuéng duéi va tur tréi sang
phai 1an luot tuong g voi hé thdng treo thu dong, sir dung bo diéu khién Backstepping, Sliding
Mode va PID. C6 thé thiy rang, khong gian hoat dong cua h¢ thong treo khi str dung cac bo dicu
khién va khong st dung bd didu khién khong cé su khac biét rd rang. Trong diéu kién mat duong
nay, khong gian tdi thiéu can c¢6 ctia hé thong treo 1a 15 cm. Co céu chap hanh luén tao ra luc
trong mot gia tri gidi han cho trude. Vi vay, khi thiét ké by diéu khién can chii trong dén diéu
nay dé chon thong s6 cta bo diéu khién.

3000 | — Backstepping 3000 —— Backstepping
= =SlidingMode idi
2000 | - —SlidingMode
~ PID ’000, ...... PID
. .
1000 moog
z 0 z
e | 2 o
= -1000 £ -
-1000
-2000 §
=2 I
-3000 | 2000
- - : -3000 £ i - :
0 1 2 3 4 5 0 1 2 3 4

Théni gian (gidy) Théri gian (gidy)

Hinh 4. Luc ciia co cau chdp hanh.
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— Trudc | [ I —Trudc
0.08 |
n = =Sau = =Sau
0.06 § -
_0.04 =
E L)
‘-’E 0.02 1 =
N0 N
N 0.02 1N
-0.04
-0.06
0 1 2 3 4 5 0 1 2 3 4 5
Théi gian (gidy) Théi gian (gidy)
—Trudrc 0.06 [ [ [ —Trudrc
0.05 = =Sau = =Sau
0.04
E- 0 " E- 0.02
NE NE 0
=" -0.05 =" -0.02
0.04
-0.1 0.06
0 1 2 3 4 5 0 1 2 3 4
Théi gian (gidy) Théi gian (gidy)

Hinh 5. Khéng gian hoat déng ciia hé thong treo.
4. KET LUAN

Bo diéu khién Backstepping va Sliding Mode da dugc thiét ké dé ting hiéu suét ciia hé thong
treo trén ca bon phuong dién: sy thoai mai khi di xe, d6 bam dudng, hanh trinh treo va sy bao
hoa luc cta co cau chap hanh. Két qua mé phong trén Matlab Simulink cho thay, hé thong treo
sir dung b diéu khién Sliding Mode va Backstepping cho két qua twong d6i giong nhau va tot
hon hin so véi bd diéu khién PID vé phuong dién 6n dinh dao dong va tdng su thodi mai cho
ngudi ngdi trén xe. V6i diéu kién mit dudng trong mé phong, cac hiéu suit vé do bam duong,
hanh trinh treo hay sy bao hoa cta co ciu chép hanh chua t6 ra dugc sy khac nhau gitta cac bo
diéu khién nhung chung déu duoc dam bao trong gidi han cho phép.
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ABSTRACT
Comparison of controllers for nonlinear active half-car suspension

Backstepping controller and Sliding Mode controller are designed to control the
active, nonlinear half-car suspension. By comparing the performance between
Backstepping, Sliding Mode, PID and passive suspension (non-controller suspension) to
find the best control method. Performance considerations are: ride comfort, grip,
suspension space and force saturation. Matlab Simulink is used to simulate and produce
results under a given pavement input. The results show that the Sliding Mode controller
gives the best results. Then there are Backstepping and PID controllers. The suspension
using the controller gives better results than the passive suspension.

Keywords: Active suspension; Backstepping; Sliding mode; Half vehicle model.

80 V.G. Hung, ..., N. T. LAm, “So sdnh chit lwong cdc by diéu khién ... xe chii dong phi tuyén.”



