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Tém tit. Trong viéc thiét ké hé thong giam xoc, ta biét ring co sy dung hoa giita chéat luong giam xoc
d6i voi ngd vao dang go giam tdc (bump) va chét luong cach ly dao dong gay ra boi mat duong khi xe
chay ¢ toc do cao. Trong nghién ciru nay, diéu khién trugt theo mé hinh tham chiéu (reference-model
following sliding mode control, RMF-SMC) dugc dé xuat ap dung cho hé théng giam xoc tich cuc nham
nang cao chit luong giam xoc va cach li dao dong trong dai tan s6 anh hudng khong tot dén sirc khoe cua
con nguoi. Trong giai thuat diéu khién dugc dé xuét, ta dinh nghia mot mat trugt dua trén déc tinh dong
luc hoc cua hé skyhook dé hé thdng co duoc dic tinh giam xoc va cach ly dao dong tot khi hé théng &
mét truot. Mo phong trén may tinh dugc thyc hién dé danh gia hiéu qua cuia giai thuat diéu khién.

Tir khoa. Skyhook, diéu khién truot, diéu khién dao dong, cach ly dao dong, hé théng giam x6c chu
dong

REFERENCE MODEL FOLLOWING SLIDING MODE CONTROL
FOR ACTIVE SUSPENSION SYSTEMS

Abstract. In the design passive suspension systems, there is a trade-off between the performance under
bump input and that under high frequencies input due to high speed driving. In this work, a reference-
model following sliding mode control (RMF-SMC) is proposed for active suspension systems in order to
obtain high-performance suspension and vibration isolation in the frequency range that causes bad effects
on human. In the proposed control algorithm, a sliding surface is defined based on the ideal skyhook
dynamic such that the system exhibits its good suspension and vibration isolation characteristics once the
system enters the sliding mode. Computer simulations are implemented to evalute the effectiveness of the
proposed control algorithm.

Keywords. Skyhook, sliding mode control, vibration control, vibration isolation, active suspension
system.

1 GIOI THIEU TONG QUAN

Theo nghién ciru ctia Von Gierke va Brammer [1], dao dong tir 20-30 Hz 14 dai tan giy cong huong co
hoc phan dau ciia con ngudi, anh hudng nhidu nhiéu dén stc khoe con nguoi. Nhitng dao dong dudi 20
Hz giy cong hudng nhiing co quan khéc trong co thé con nguoi. Ngoai ra, nhitng dao dong trén 30 Hz c6
thé dugc lam suy giam boi ghé ngdi trén xe. Vi vay, dé ting d6 d& chiu khi 1ai xe, viéc thiét ké hé thong
giam xoc khong chi nghién ciru cai thién dép Gmg d6i v6i ngd vao bump (dang g giam tdc), ma con cn
phai chu trong lam suy giam nhimg dao dong trong ving tan sé dudi 30 Hz.

Hién nay, loai giam xdc thu dong 1a loai dugc sir dung trong phﬁn 16n cac loai xe 6t6. Hé théng giam
xoc thu dong néu dugc thiét ké véi tinh nang giam xoc tot thi dac tinh cach ly dbi voi nhitng dao dong
truyén tir banh xe 1én than xe khi xe chay tdc do cao lai kém, va ngugc lai. khi thiét hé théng giam x6c¢
dic tinh cach ly tét d6i v6i dao dong tan sb cao thi dic tinh giam xoc lai kém. Ddi voi bai toan thiét ké hé
thong giam xoc thu dong, can phai co su dung hoa giita hai van dé khong thé dat dugc dong thoi; d6 1a
giam xoc va cach ly dao dong. Hé thong giam x6c ban chi dong phan ndo giai quyét van dé nay nho vao
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viéc thay doi hé sé giam chan (damping) cho phu hop tic dong ngd vao. Tuy nhién, hé thong ban chii
dong con han ché pham vi diéu khién, do ban chat hé théng van khong phat sinh ning luong lam suy
giam dao dong khong mong mudn mot cach hi¢u qua. Hé thong giam chén tich cuc cho phép tic dong
mot cach tich cuc vao hé théng dé triét dao dong hi¢u qua béng cach phat sinh luc co hoc theo mot luat
diéu khién nhat dinh nao d6, cho phép giai quyét bai toan giam xoc va cach ly dao dong mot cach hiéu
qua nhat.

Tinh dén nay, d3 c6 nhiéu nghién ctru dé xuit luat diéu khién cho hé thong giam x6c. Choi S.B va
Han Y.M. [2] dé xuét ap dung diéu khién truot cho hé thdng giam x6c ban chi dong sir dung dung dich
dién bién (electrorheological fluid), trong d6 co tinh ciia dung dich dugc diéu khién dé 1am thay doi luc
giam chin. Yahaya M.S. va cong sy [3] dé xuit diéu khién truot tich phan ty 18 cho hé thong giam xoc chit
dong, trong d6 mit truot dwoc xac 1ap dua trén diéu khién tich phan ty 1& dé ting bac mat truot, nham triét
sai s6 x4c 1ap va giai quyét dugc van dé tac dong nhiu khong khép (unmatched uncercainties) trong mo
hinh toan hoc. Ali J.K. va Keith J.B. [4] dé xuat diéu khién truot cho hé théng giam xoc chu dong, trong
d6 mit truot duge chon la td hop tuyén tinh cta cac trang thai h¢ théng. Phu D.X. va cong su [5] dé xuét
ludt diéu khién trugt mo thich nghi cho hé théng giam xoc tai ghé ngdi trén xe. Cac luat diéu khién dé
xudt trong cac nghién ctru trén ddy déu tap trung giai quyét bai toan giam xéc ddi véi ngd vao bump, chua
quan tdm dén nhitng dao dong trong dai tan sd anh huong khong tét dén sirc khoe con ngudi. Trong
nghién ciru [6], Katsuyama va Omae da dé xuat phuong phap diéu khién giam chén skyhook am dé cai
thién chat luong diéu khién trong viing tan s giita (tir 4-8Hz). Tuy nhién, cach diéu khién nay chi c6 hiéu
qua t6t dbi voi nhimng tac dong gay dao dong co dai tin sd hep, boi khi chét lugng diéu khién trong ving
tan sd giita dwoc cai thién thi chat lwong didu khién trong ving cong hudng lai kém hon va nguoc lai.

Bai bao nay dé xuét giai thuat didu khién truot theo md hinh tham chiéu (RMF-SMC) cho hé thong
giam x6¢ chu dong; trong do, dic tinh tan sb cua hé théng duoc chi dinh theo md hinh tham chiéu sky-
hook 1y tuéng qua viéc dinh nghia mit truot. Skyhook 13 y tudng didu khién dao dong dé xuit boi
Karnopp [7] dua trén céu hinh hé théng ma trong d6 phan tir giam chin dugc ndi mot dau vao hé quy
chiéu ¢ dinh, goi 1a “sky’. C4u hinh hé giam chén nay cho phép dat dwoc chat luong diéu khién t6t trong
ca ving cong hudng va ving tan sd cao. Tuy nhién, viéc thuc hién hé théng giam xoc theo cdu hinh
skyhook 1a khong thé thuc hién dugce dbi voi nhitng hé thong di dong nhu xe 6td, do khong co diém cd
dinh “sky’. Bé c6 duoc dic tinh giam xoc nhu hé skyhook, luat diéu khién RMF-SMC duoc thiét 14p trén
co so thoa man diéu kién tiép can mat truot, bao dam hé thong s& chuyén sang pha trugt trong thoi gian
hitu han. Khi ¢ pha trugt, dac tinh dong luc hoc cua hé théng s€ dugc duy tri nhu déac tinh cua hé
skyhook. Viéc thiét ké diéu khién dwoc thyuc hién trén mién tan s6 qua viéc chi dinh dic tinh dong luc hoc
ctia mo hinh tham chiéu. M phéng trén may tinh duoc thuc hién dé danh gia tinh hiéu qua cua thuat toan
diéu khién dbi v6i dic tinh giam xoc, cling nhu dic tinh cach ly dao dong & ving tan s6 5 — 30 Hz. Pay la
ving tin sd ciia nhimg dao dong gy ra boi tuong tac gilta banh xe va mat duong khong bang phang
truyén 1én than xe khi xe chay & tde do cao.

2. MO HINH HE THONG GIAM XOC CHU PONG

Xét mo hinh don gian hoéa hé thng giam x6c 1/4 xe 6t6 nhu Hinh 1. Trong hinh nay, 1a khéi luong
cua 1/4 than xe, 1a khéi luong cua banh xe va truc banh xe, 1a chuyén vi cua than xe, la chuyén vi
clia banh xe, 13 nhidu dao dong sinh ra cho su gb ghé cia mit duong,  1a do cimg ctia 10 xo mé hinh
hoa cho su dan hdi dan hoi cia 10p xe, va  1a d6 cling ctia 10 xo va hé sd giam chin cua bd giam xoc,
1a lyc diéu khién sinh ra tir co ciu chip hanh.
Theo dinh luat Newton thir 2, phwong trinh vi phdn mé ta chuyén dong ciia hé théng giam xoc nhu
sau:
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¢ >y )y ) M
¢ ) C ) (@)
Phuong trinh vi phin m6 ta hé théng skyhook (Hinh 2) nhu sau:
' ) 3)
Chia hai vé cho , dongthoidat ~—  / wva / , taduoc:
- « ) “)
fSkYJ
1
I IJ‘:‘ 1
1
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Hinh 1: HE giam xdc chu dong Hinh 2: H¢ skyhook
3. THIET KE PIEU KHIEN

Nhu d3 dé cap trén day, luat diéu khién RMF-SMC dé xuit trong bai bao nay c6 mat truot dya trén dac
tinh h¢é skyhook. Ta dinh nghia mat trugt nhu sau:

(OO () ()] )

Khi hé théng & pha truot, ta co , hay:

O O OO ©)

Ly dao ham 2 vé theo , phuong trinh (6) s& tr& thanh phuong trinh (4). Nhu véy, khi & pha truot,
dic tinh hé thong s& dugc duy tri gibng nhu ddc tinh hé skyhook. Ta biét rang luat diéu khién can phai bao
dam thoa mén diéu kién tiép can, nghia 1a hé thong diéu khién phai chuyén sang pha truot trong thoi gian
hiru han. Luat diéu khién RMF-SMC c6 dang:

C ) ) ) n( ) M
trong d6 1a mot hé ) duong, can duoc chon sao cho diéu kién tiép can duoc thoa.
Xét ham Lyapunov:
®

Tinh dao ham cua

¢ ) C ) O ) ©)
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Thé (7) vao (9), ta co:
|| (10)

Nhu vay, chi canchon > ,thi < va chi bang 0 khi . Theo dinh Iy Lyapunov, s& tién
vé 0 trong thoi gian hitu han.

Tuy nhién, trong thyc té ta khong thé c6 dugc thong sb chinh xac ctia hé thong, ma chi biét tri sb danh
dinh coa n6. Goi ,  va lan luot 1a cac tri s6 danh dinh cia , va . Thong sé hé thong
duoc biéu dién nhu sau:

A, A, A (11)

trongd6, A ,A vaA 1asaisd mo hinh. Nhiing sai s6 nay tuy khong dugc biét chinh xac, nhung gia
sir ta biét duoc d6 16n giGi han ciia n6 twong ing 1a A , A va A ; nghia la:
A |<A, |A <A, |A |<A (12)
Luat diéu khién RMF-SMC duoc viét lai nhu sau:
C ) ) ) n( ) (13)

Véi luat diéu khién (13), ta co:

A ( ) A () A ( ) n( )
A ( ) A () & ( ) ||
<||al o an- A - ( )
<||a A 0 0oANC M TANCH (14)
Néu chon dui16n, cu thé 1a
> A Al a0 "ancl (15)
thi "< | |, thoa diéu kién tiép can mit truot. Mot van dé ma khi thuc hién diéu khién truot thuong

gip phai d6 chattering [8]. Bé giam anh hudng khong tdt cua hién tugng chattering 1én co cau chap hanh,
ta c6 thé thay ham  n(.) bang ham bao hoa (saturation):

é <
_ - & < < (16)
é >

Trong phan mo phong dudi dy, ta dung ham  at(.) thay cho ham  n( ), trong d6 chon ®
4. KET QUA MO PHONG

Dé danh gi4 hidu qua cua giai thuat didu khién dé xuét, ta thuc hién mo phong hé thdng didu khién dung
phan mém Simulink/MATLAB. Cac phan tir hé thong dung dé mé phong c6 thong s6 nhu sau:
68 “N/m, 9 k, N /m, 9 N/m, 59 k
Dé danh gia tinh bén viing ctia hé thong diéu khién, ta gia st ton tai sai s6 md hinh trong cac phan tir

héthéng , , . Nhing sai sd nay khong tuy khong xac dinh, nhung ¢é gidi han trén nhu sau:
A N/m, A N /m, A I
Ta chon thong s6 ciia mé hinh tham chiéu: 5 N/m/k , N /m/k . Hinh 3 la déc tinh

tan sd cta hé théng khi chua diéu khién va mé hinh tham chiéu. Tur hinh, ta théy dic tinh tin sb mo hinh
tham chiéu duoc thiét ké nhdm 1am suy giam dao dong trong dai tan sb tir 5 Hz dén 30Hz; nhu da dé cap
& trén, ddy 1a dai tin s anh hudng nhidu dén strc khoe con ngudi [1].
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Frequency Response

Uncontrolled System |

A0F
20¢

30F Skyhook

Magnitude (dB)

40 -

-50

-60 [

-70 : :
107 10° 10
Frequency (Hz)
Hinh 3: Dap tng tan so ctia hé giam xdc chua dicu khién va ctia hé¢ tham chi¢u skyhook

0.08 [

0.06 |

0.04 |

d (m)

0.02

-0.02

0 0.5 1 15 2
time (sec)

Hinh 4: Ng6 vao bump

Mo phéng duge thuc hién véi 2 loai tic dong nhiéu tir mit dudng: bump (Hinh 4)
.8 co(8 )/ néu 5= = 75 (17)

) cac iatri khac
va dao dong diéu hoa trong dai tin sb 5-30Hz.
) . in(C ) trongdo5=< =3 (Hz) (18)
Dua trén nhitng thong s6 mé phong trén, ta chon . cho luat diéu khién RMF-SMC.

Hinh 5 1a két qua md phong ddi v6i ngd vao bump. So sanh két qua trong 2 truong hop khong didu
khién (Uncontrolled) va duoc diéu khién boi bo diéu khién RMF-SMC (Controlled-RMFSMC), ta thiy
trong truong hop duoc diéu khién, dap ung c6 bién do giam gan mot nira va dao dong nhanh chéng tit
dan trong khoang thoi gian 1 gidy. Hinh 6 1a két qua mé phong diéu khién véi tac dong ngd vao 1a ham
sin tan s6 20 Hz, bién d6 0.02 m. Trong 5 gidy dau, bo diéu khién chua kich hoat; hé thong giam xoc hoat
dong & ché d6 thu dong. Ta thdy dao dong truyén 1én than xe suy giam bién d6 con 0.14mm. Tai thoi diém
gidy thir 5, bo diéu khién dugc kich hoat; ta thdy bién d6 dao dong suy giam manh con 0.016 mm.
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0.08

— — — Uncontrolled
006 Controlled (RMF-SMC) |

0.04

-0.02

-0.04

0 2 4 6 8 10
time (sec)
Hinh 5 Pap ng ctia hé¢ giam x6c¢ doi véi ngd vao

y (mm)

0 5 10 15 20
time (sec)

Hinh 6 Pap tmg hé giam xéc dbi v6i ngd vao () véi tin s6 20 Hz

Pé biéu dién do suy giam dao dong, ta sir dung chi s6 d6 truyén dao dong chuyén vi (displacement
transmissibility). Chi sb nay dugc dinh nghia nhu sau:

"o — (dB) (19)

trongdd va  tuong ung la bién do dao dong ngd ra va bién dd dao dong ngd vao.

Panh gia két qua mo phong trén day dya trén do truyén dao dong (19), ta thiy ring dao dong suy
giam 43. dB khi khong diéu khién va suy giam 6 .9 dB khi c¢6 diéu khién. Thyc hién mo phong
tuong tu tai cac tan sd khac nhau trong pham vi tir 5 Hz dén 30 Hz véi cung bién dé ngd vao 0.02 m, két
qua tong hop duoc trinh bay trong Bang 1.

Bang 1: Bién d¢ dao dong than xe trong truong hop

¢6 diéu khién so voi truong hop khong diéu khién. ncontrolle
Bién do dio?i%ng Egmm) . e’ ]

M) K hong dicu Khién Co didu khién g o '

5 333 130 30

10 3.08 1.64 £ sof

15 0.42 0.065 5ot

20 0.14 0.016 ol

25 0.066 0.006 80 - s - - J

30 0.036 0.0028 T e "

Hinh 7: D¢ truyén dao dong trong truong hop khong
didu khién va truong hop c6 diéu khién.
Hinh 7 1a db thi biéu dién do truyén dao dong tai cac tan sd khac nhau khi hé théng hoat dong khong
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diéu khién va khi c¢6 diéu khién. Két qua cho thay, khi ap dung bd diéu khién dé xuét, dao dong suy giam
15 rét. Bé danh gia tinh bén viing cia RMF-SMC, mét s6 mé phong duoc thyc hién véi sai sé md hinh gia
dinh nhu sau:
A N/m, A 8 N/m, A k
Str dung luat diéu khién (13) v6i cac tri sé danh dinh: 58 “N/m, 9° N /m,

9 k . Két qua mo phong hé thong diéu khién co sai sé mo hinh dbi véi tac dong ngd vao bump (17)
dugc biéu dién ¢ Hinh 18. Ta thay trong trudng hop nay, dap ing hé théng c6 diéu khién co bién d6 giam
gan mot nira sao voi truong hop khong co diéu khién; ngoai ra, dao dong ciing nhanh chéng tit dan trong
khoang thoi gian 1 gidy. Dé so sanh, dap ng hé thong diéu khién trong hai truong hop, ¢6 sai sé mé hinh
va khong c6 sai s6 mo hinh, dugc vé trén cting mot d6 thi Hinh 9. Ta c¢6 thé thiy rang hai dap tmg khong
khac nhiéu. Piéu d6 cho thiy diéu khién RMF-SMC thira hudng tinh bén vimg vén c¢6 cua diéu khién
truot kinh dién.

0.08 T T T T

— — — Uncontrolled
006 ¢ Controlled (RMF-SMC) |

0.04

-0.02

-0.04 : : : :
0 2 4 6 8 10

time (sec)

Hinh 8: Pép tng v6i ngd vao ‘bump’ trong truong hop c6 sai s mé hinh

— — — Controlled sys. w/o uncertainties
Controlled sys. w/uncertainties

0.06

yim)

002 F ’ i N \

0.04 ; ; ; ;
0 2 4 § 8 10
time (sec)
Hinh 9: Pap tng v6i ngd vao ‘bump’ trong truong hop
¢6 sai s6 md hinh so véi truong hop khéng c6 sai sé mé hinh

Két qua md phong véi tac dong ngd ham sin (18) trong trudng hop c6 sai s6 mé hinh duoc téng hop
trong Bang 2. Hinh 10 so sanh do truyén dao dong trong truong hop ¢ sai sé md hinh va trudng hop
khong c6 sai s6 md hinh. Ta thay riang khi c6 sai s6 md hinh, chét lugng diéu khién bi suy giam; tuy
nhién, lugng suy giam nay khong nhiéu; hé théng van duy tri dic tinh cach ly dao dong tot tai ving tan sd
nay.
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Bang 2: Bién d¢ dao dong than xe trong truong hop cla

hé théng di€u khién c6 sai s6 m6 hinh so v6i —©— Controlled sys. w/o uncertainties
\ A I3 . A A 1Y -20
truong hop khong co sai s6O mo hinh. 3

—3— Controlled sys. w/ uncertainties | |

Bién d6 dao dong (mm) g o
(Hz) | Khong sai s6 md hinh | C6 sai sé mé hinh fg 40
5 130 135 2 5o}
10 1.64 2.15 g ol
15 0.065 0.09 | |
20 0.016 0.025 ' X
25 0.006 0.01 e 10 5 20 2 30
30 0.0028 0.005 | Freency(z)
Hinh 10: B9 truyén dao dong ctia h¢ thong di€u khién
trong truong hop khong c6 sai sé mé hinh so véi
truong hop co sai s6 mé hinh.
5. KET LUAN

Bai bdo nay da dé xuat 4p dung gidi thuat diéu khién RMF-SMC cho hé théng giam xéc tich cuc
nham lam ting d6 d& chiu, thoai mai ctia hanh khach ngdi trén xe. Viéc thiét ké diéu khién duoc thuc hién
trén mién tan sd qua viéc chi dinh dic tinh tin s ciia mo hinh tham chiéu skyhook. Cac két qua mo
phong cho thay, viéc ap dung bo diéu khién RMF-SMC cho phép lam suy giam dang ké dao dong than xe
dbi voi ngd vao bump ciing nhu ngd vao dao dong trong dai tan sé anh huong khong tét dén ste khoe cia
con ngudi. Hon nita, cic két qua md phong trong trudng hop ¢ sai s mo hinh cho thay tinh bén viing
ctia hé théng diéu khién. Didu nay rat c6 y nghia trong viéc img dung bo diéu khién RMF-SMC vao hé
thdng giam xoc trén xe 6-t6 thyc té.
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