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PIEU KHIEN CHU PONG HE THONG TREO CUA XE O TO
SU DUNG PAI SO GIA TU
Bui Hai Lé'", Bui Thanh Lam? D3 Huy Canh®

Tém tit: Bai bdo trinh bay vé bai todn diéu khién chi dong dao dong cua h¢ thong treo
trén xe 0 t0 duwa trén Iy thuyét Pai s6 gia tir. Cdc dai luong can dwoc quan tam va can
dwgc giam gia tri trong bdi todn ndy bao gom: gia toc cua than xe, bién dang cia hé
thong treo, biéen dang c@a lop, do bam dwong cua xe va luc diéu khién cuc dai. Mé hinh %
xe é t6 duwoc st dung dé thuc hién cac mé phong sé. Hiéy quﬁ cua bo diéeu khiéﬂ duwoc de
xuat ciing dwoc so sanh voi hi¢u qua cia mot bo diéu khién bén viing da cong bo.

Tir khéa: Diéu khién chii dong; Pai s6 gia tir; Hé thdng treo chu dong; Md hinh ¥ xe 6 td.
1. PAT VAN DPE

Hé théng treo trén xe 6 td co6 vai tro quan trong van hanh xe va tao sy thodi mai cho hanh
khach. Hé thdng treo ciia xe c¢6 thé dugc phan thanh ba loai: hé théng treo bj dong, ban chu dong
va chi dong. Trong d6, hé thdng treo chu dong 1a linh vuc nghién ciu dwoc quan tim trong
nhiéu nim gan day [1].

Diéu khién mo da duoc tng dung rong rii trong diéu khién chu dong cac hé thong treo cta 6
t6. Cac nghién ciru sir dung bo diéu khién mo truyén thong hodc két hop mo voi cac thuat toan
hién dai va thong minh nhu diéu khién truot, bén viing, t6i wu, du bao, st dung mé hinh mo
Takagi—Sugeno, két hop v6i mang no ron,... V& di twong, cac mé hinh %, ¥ va day du cua xe
dugc nghién ctru, trong d6 c6 ké dén cac yéu td phi tuyén, tré,... ciia hé [2-6].

Ly thuyét Pai s6 gia tir (Hedge algebras - HA) cho phép md ta cac gia tri ngon ngir cia cac bién
bang cac do do tinh m¢ dinh lu'orng (céc s6 thuc) dua trén cac lap luat toan hoc chat ché dua trén
thir tw nglr nghia von ¢ clia cac gia tri ngdn ngit [7, 8] Vi vdy, ly thuyét HA da duoc trién khai
trong nhiéu trong cac linh vyce khac nhau va cho céc két qua dang khich 1¢. Trong linh vyc diéu
khién dao dong két cAu, cac bo diéu khién dya trén HA d3 thé hién nhiéu wu diém so véi cac bd
didu khién dya trén 1y thuyét tip mo truyén thong nhu thiét 1ap don gian hon, d& tbi wu hon, hiéu
qua diéu khién cao hon va dic biét 1a thoi gian tinh toan (CPU time) nhanh hon rat nhiéu [9-16].

Vi vy, trong nghién ctru ndy, bai toan diéu khién chi dong hé thong treo ctia mé hinh Y xe 6
to st dung HA dugc thuc hién, trong do, hiéu qua cta bd diéu khién dua trén Pai sd gia tr (HA
controller - HAC) ciing dugc so sanh véi hiéu qua ciia bo diéu khién bén vig trong [1].

2. NOI DUNG CAN GIAI QUYET
2.1. M6 hinh diéu khién
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Hinh 1. Hé thong treo chii dong.

Xét md hinh % xe 6 t6 voi hé thdng treo chit dong nhu trén hinh 1 [1]. Trong do, m; va m; la
khoi luong ctia than xe va banh xe; ky, Ky, €4, C; lan lugt 1a @6 cung va h¢ b céan cua hé thong treo
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va 1§p Xe; 71, Zp, Zy 1an lugt chuyén vi cda than xe, cia lép va bién dang mat duong; u 1a luc diéu
khién. Bat X; = 2;- 7,; X, = d(z;- 2,)/dt, hé phuong trinh trang thai cia hé nhu sau:
mlzl +C X, +k1X1 ZU;mzzz —CX _klxi =u —C2(22 _Zr)_kz(zz _Zr) (1)

Dé ting su thoai mai khi 1ai xe va kha nang xir 1y cta xe, céclvén dé can dugc quan tim gom:
(1) Gia toc than xe 7, : gi4 tri tuyét d6i can dugc giam thiéu dé dam bao do thodi mai ctia con
nguoi; (2) Bién dang ctia hé thong treo X; = 7;- Z, va clia 10p xe Z,- z,: gia tri tuyét dbi can dugc
gidm thiéu dé dam bao d¢ an toan ctia hé thong; (3) Dai lugng x, =k, (z, -z, )/ g(m —m,) can
<1 dé dam bao d6 bam duong cia xe; (4) Luc diéu khién u: gia tri tuyét dbi phai < gia tri cho
Phep Unmax.
2.2. Thiét ké bd diéu khién HAC

Cac dinh nghia, dinh 1y va cac cong thirc co ban cua ly thuyét Pai sb gia tir duoc trinh bay
trong [8, 17] cho phép xac dinh tat cd dnh xa ngir nghia dinh luong (Semantically Quantifying
Mapping - SQM) c6 theé c6 cua cdc gia tri ngdn nglt cua mot bien ngdn ngit X (bang 1). Trong
d6, cac tir nguyén thily gom: Am va Duong (duoc ky hiéu la A va D); cac gia tir gom: Rat va Hoi
(dugc ky hi¢u la R va H); fm(c”) va u(h") 1an luot 1a d6 do tinh mo cua cac tir nguyén thay am va

cac gia tir 4am; W 1a phén tir trung hoa; v6i ciac mo hinh héa cac gia tri ngon ngir mot cach ddi
xung thi fm(c”) = g(h") = 0.5.

Bing 1. Gid tri SOM ciia mot sé gid tri ngén ngir.

Gi4 tri ngdén ngil RA A HA W HD D RD

Gi4 tri SQM 0.125 | 0.250 0.375 0.500 0.625 0.750 | 0.875

So dd diéu khién ciia bo diéu khién HAC ti 1é - vi phan, gdm 2 bién trang thai (X1 va xp) va 1
bién diéu khién (u), duoc trinh bay trén hinh 2 [12]. Céc budce chuén hoa ciia cac bién trang thai,
dé chuyen gi4 tri tir mién thuc sang mién ngit nghia, va nguoc lai & bude giai chuan cua bién
diéu khién duogc thé hién trén hinh 3, trong do, a, b, ¢ la cac gia tri thé hién khoang x4c dinh cia
cla cac bién Xy, Xp, U. Co 6 luat HA véi 15 luat diéu khién duoc thé hién trén bang 2. H¢ luat
diéu khién véi cac gia tri SQM trén bang 2 cho phép thé hién hé lut dudi dang mit nhu trén
hinh 4, day ciing dugc coi la budc Suy ludn HA. Boi vi, dua vao quan hé hinh hoc trén hinh 4,
gia tri SQM ciia bién diéu khién c6 thé duoc xac dinh thong qua cac gia tri SQM cua cac bién
trang thai nho phép noi suy.

P ————
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X1 r/— 1 | --—m-- 1 u
X2 : Chuén héa o _l _______ —» Giai chuan >
" ' Suy luAn HA !
< I HE THONG TREO i=
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Hinh 2. So dé diéu khién ciia HAC.
SQM SQM SQM
A A A
D: 0,75}------- - - - - - HD: |------- - - - - - RD: |------- - -
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1 1 1 1 1 1
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Hinh 3. So' do chudn héa va gidi chudn ciia HAC.
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Bdng 2. Co so luat HAC voi SOM.

X2
X HD: 0,625 W: 05 HA: 0,375
D: 0,75 RD: 0,875 D: 0,75 HD: 0,625
HD: 0,625 D: 0,75 HD: 0,625 W: 0,5
W: 0,5 HD: 0,625 W: 0,5 HA: 0,375
HA: 0,375 W: 0,5 HA: 0,375 A: 0,25
A: 0,25 HA: 0,375 A: 0,25 RA: 0,125
Véi cac mo hinh hoa nhu trén, mat luat 1la mat
phang va cong thire tuong minh gitta bién didu SQM ctia u

khién va cac bién trang thai dugc thlet lap thong
qua cac budc ndi suy tuyén tinh gom: (1) Chudn
hoa dé thu dugc gia tri SQM cua cac bién x; va
X2; (2) Suy ludn HAC dé thu dugc gia tri SQM 04

cua u; (3) Giai chuan dé thu duogc gia tri thyc cua 02
u. Cudi cung, cong thirc twong minh thu dugc .0
nhu sau [14]: o, e
SQM ctia X1 04 0.
U= 2cx 2) 0 04 " SQM ciax

+ —_
s 3 Hinh 4. Mat lugt va bude Suy lugn HAC.

3. MO PHONG SO

S6 liéu ciia md hinh mé phong sé nhu sau [1]: my = 320 kg, m, = 40 kg, k; = 18000 N/m, k, =
200000 N/m, ¢; = 1000 Ns/m, ¢, = 10 Ns/m; bién dang cho phép cuia hé thong treo 0.1 m, bién
dang cho phép cua 16p xe 0.1764 m, luc diéu khién cho phép Ums = 2500 N. Bién dang mit
dudng dang xung don (bump) hinh sin c¢6 chiéu dai L = 5 m, chiéu cao A = 0.08 m va vén tbc xe
laV =125 m/s (45 km/h) nhu sau:

Z'=1A£1_Cos(2”t\in khi 0<t<=:—0Khit>L= 3
2 L Vv Vv

Khoéng x4c dinh cta ciia cac bién trang thai va bién diéu khién trong HAC (a, b, ¢) duoc lua
chon duya trén gia tri tuyét dbi cuc dai ctia x; va X, 6 trang thai khong diéu khién (open loop - OL)
va dé gia tri tuyét d6i cuc dai cta luc didu khién cho hé danh dinh gitta HAC va b diéu khién
bén viing (Hinf) trong [1] 14 bang nhau (xem hinh 5). Trong d¢, lyc diéu khién trong [1] dugc
xac dinh nhu sau:

u=10"[1.0098 4.9655 -0.1896 0.0909]x[z, 2, 7, -2, 2, 2,] 4)

Céc dap (mg theo thoi gian voi cac trudng hgp khong diéu khién (OL), str dung céc bo didu
khién Hinf [1] va HAC ctia gia toc than xe, bién dang hé cua thdng treo so véi gia tri cho phép
(Relative Suspension Deflection - RSD), bién dang cua 16p xe so v6i gia tri cho phép (Relative
Tyre Deflection - RTD), luc diéu khién va do bam duong (Relative Tyre Force - RTF) duogc thé
hién trén hinh 5.

Nhu vy, v6i cing luc diéu khién cuc dai, HAC cho két qua diéu khién tot hon nhiéu so voi
Hinf ¢ cac chi tiéu: gia tdc than xe, RTD va RTF va kém hon mot chut ¢ chi tiéu RSD. C6 mét Iuu
y rang, HAC chi st dung 2 bién trang thai (X, Va X,) dé tinh luc didu khién u, trong khi Hinf ding 4
bién trang dé tinh u (xem phuong trinh 4). Day 14 loi thé cia HAC trong thuc té diéu khién.

Cac b diéu khién HAC va Hinf & trén dugc khao sat véi s6 ligu danh dinh ciia m; va m,.
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Trong trudng hop cac khdi lugng nay bi thay d6i thanh Wym; va W,m,, két qua md phong dugc
thé hién trén hinh 6, voi RBA 1a gia tri gia toc than xe twrong ddi so voi trudng hop khong diéu
khién (Relative Body Acceleration).
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Hinh 5. Céc dép vmg theo thoi gian ciia hé thong.
4. KET LUAN

Bai béo trinh bay cac két qua budc dau khi 4p dung Dai so gia tir trong diéu khién chu dong
hé thdng treo cua xe 6 to. Cac két qua md phong cho thiy tiém nang ng dung cua Dai s gia tir
trong linh vuc nay. Cac nghién ciru tiép theo can dugc hién c6 thé 14 t6i wu b diéu khién HAC
hoic tng dung HAC cho cac mé hinh hé thong treo phtc tap hon.
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Hinh 6. Két qud mé phong khi cdc khéi lwong bi thay doi.
TAI LIEU THAM KHAO

[1]. Sun, W., H. Gao, and P. Shi, "Advanced control for vehicle active suspension systems,"
(2020).

[2]. Wen, S, et al., "Fuzzy control for uncertain vehicle active suspension systems via dynamic sliding-
mode approach," IEEE Transactions on Systems, Man, and Cybernetics: Systems. Vol. 47, No. 1,
(2016), pp. 24-32.

Springer

Tap chi Nghién ciru KH&CN qudn suw, S6 Déc san Hpi thio Quéc gia FEE, 10 - 2021 147



Co hoc — Co khi dong luc — Co dién ti

(3].

[4].
[5].
[6].

[71.
[8].
[9].
[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

Zhao, J., et al., "Chassis integrated control for active suspension, active front steering and direct yaw
moment systems using hierarchical strategy,” Vehicle System Dynamics. Vol. 55, No. 1, (2017), pp.
72-103.

Li, H., et al., "Adaptive event-triggered fuzzy control for uncertain active suspension systems," IEEE
transactions on cybernetics. Vol. 49, No. 12, (2018), pp. 4388-4397.

Lin, B., X. Su, and X. Li, "Fuzzy sliding mode control for active suspension system with proportional
differential sliding mode observer," Asian Journal of Control. Vol. 21, No. 1, (2019), pp. 264-276.
Singh, D., "Ride comfort analysis of passenger body biodynamics in active quarter car model using
adaptive neuro-fuzzy inference system based super twisting sliding mode control,” Journal of
Vibration and Control. Vol. 25, No. 12, (2019), pp. 1866-1882.

Ho, N. and H. Nam, "Towards an algebraic foundation for a zadeh fuzzy logic,” Fuzzy Set and
System. Vol. 129, No. (2002), pp. 229-254.

Ho, N.C. and N. Van Long, "Fuzziness measure on complete hedge algebras and quantifying semantics
of terms in linear hedge algebras,” Fuzzy sets and Systems. Vol. 158, No. 4, (2007), pp. 452-471.

Bui, H.-L., D.-T. Tran, and N.-L. Vu, "Optimal fuzzy control of an inverted pendulum," Journal of
vibration and control. VVol. 18, No. 14, (2012), pp. 2097-2110.

Duc, N.D., et al., "A study on the application of hedge algebras to active fuzzy control of a seism-
excited structure," Journal of Vibration and Control. Vol. 18, No. 14, (2012), pp. 2186-2200.

Anh, N.D., et al., "Application of hedge algebra-based fuzzy controller to active control of a
structure against earthquake,” Structural Control and Health Monitoring. Vol. 20, No. 4, (2013), pp.
483-495.

Bui, H.-L., et al., "General design method of hedge-algebras-based fuzzy controllers and an
application for structural active control,” Applied Intelligence. Vol. 43, No. 2, (2015), pp. 251-275.
Bui, H.-L., et al., "Vibration control of uncertain structures with actuator saturation using hedge-
algebras-based fuzzy controller,” Journal of Vibration and Control. Vol. 23, No. 12, (2017), pp.
1984-2002.

Bui, H.-L., T.-A. Le, and V.-B. Bui, "Explicit formula of hedge-algebras-based fuzzy controller and
applications in structural vibration control," Applied Soft Computing. Vol. 60, No. (2017), pp. 150-166.
Bui, V.-B., Q.-C. Tran, and H.-L. Bui, "Multi-objective optimal design of fuzzy controller for
structural vibration control using Hedge-algebras approach,” Artificial Intelligence Review. Vol.
50, No. 4, (2018), pp. 569-595.

Tran, D.-T., et al., "Vibration control of a structure using sliding-mode hedge-algebras-based
controller,” Soft Computing. Vol. 23, No. 6, (2019), pp. 2047-2059.

Ho, N.C. and V.N. Lan, "Optimal hedge-algebras-based controller: Design and application,” Fuzzy
Sets and Systems. Vol. 159, No. 8, (2008), pp. 968-989.

ABSTRACT
CONTROL OF AN ACTIVE SUSPENSION USING HEDGE ALGEBRAS

The paper presents the control problem of an active suspension based on the Hedge

algebras theory. The quantities that need to be decreased in this problem include: car
body acceleration, suspension and tire deflection, road holding and maximum control
force. A % car model is used to perform numerical simulations. The efficiency of the

proposed controller is also compared with that of a robustness controller.

Keywords: Active control, Hedge algebras, Active suspension, ¥z car model.

Nhdn bai ngay 15 thang 4 nam 2021
_ Hoan thién ngay 05 thang 8 nam 2021
Chap nhdn dang ngay 05 thang 9 nam 2021

Pia chi: * Vién Co khi, Dai hoc Bach Khoa Ha Noi;

2 Khoa Co khi, Dai hoc Cong nghiép Ha Noi;
% Khoa H¢ thong thong tin quén ly, Pai hoc Tai chinh quan tri kinh doanh.
Email: le.buihai@hust.edu.vn.

148

B. H. L&, B. T. Lam, B. H. Cinh, “Piéu khién chii dpng hé thong treo ciia xe ... dai 56 gia tir.”



