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Tém tit: Hé thong treo dwege sir dung dé kiém sodt cdc dao dong ciia xe khi di chuyén trén dwong.
Trong bai bao nay, thudt toan diéu khién trueot (SMC) duoc thiét ké dé diéu khién cho hé théng treo
chu dong (treo tich cuc). Pdy la mot thudt toan phirc tap, phu hop voi cac hé dao dong co kich thich
dau vao la dang tien dinh, dién hinh nhw hé théng treo 0 to. Qua trinh mo phong dwoc thién hién
boi phan mém MATLAB-Simulink véi hai truong hop cu thé. Theo két qua tinh todn, chuyén vi va
gia toc than xe da giam manh khi st dung thudt toan diéu khién truot cho hé théng treo. Thém vao
dé, sw én dinh cia 6 16 ciing dwoc dam bao 16t hon khi trang bi h¢ théng treo chu dong (dwoc minh
chitng théng qua sw thay déi lwc dong ciia banh xe). Hién twong nhiéu van con xay ra khi dao déng
chuyén pha, ddy la ban chat cia thudt todn diéu khién truot. Tuy nhién, anh hudng cia né la khéng
lon. Trong cac nghién curu sau, thudt toan diéu khién truot cé thé duoc két hop voi cdc thudt toan

théng minh khdc dé giai quyét van dé nay.

T khoa: Hé théng treo 6 t0, dicu khién truot, dao dong, mo phong.

1. GIOI THIEU

bong luc hoc 6 t6 la mot linh vuc quan
trong, thu hit dugc sy quan tdm cua nhiéu cac
nha nghién ctru trong va ngoai nudc. Véi su
phat trién manh mé& ctia nganh cong nghiép 6 6,
linh vuc dong luc hoc va diéu khién cho 6 t6
ngay cang dugc tap trung dau tu va nghién ctru
nhiéu hon. Linh vic dong luc hoc va didu khién
cho 6 to rat da dang, bao gém nhiéu chu dé nhu:
dao dong lat xe, rung dong 6 t6, on dinh quay
vong, ... Trong d6, chii d& lién quan dén diéu
khién va kiém soat rung dn trén xe dugce dic
biét quan tdm bdi cac hoc gia.

Dao dong cua 6 t6 duoc diéu hoa boi hé
thong treo (Lwu Vian Tuédn, 2019). Hé thong
nay dugc xem nhu 1 mot thanh phan lién két
mém giita cum banh xe (khéi lugng khong
dugc treo) va than xe (khdi luong duoc treo).
Hé théng treo trén 6 t0 thuc hién cac nhiém vu:

! Khoa Co khi, Trieong Pai hoc Thity lgi
’Truwong Pai hoc Phenikaa
'Pai hoc Bach Khoa Ha Ngi

diéu hoa va bién d6i dao dong, hip thu va triét
tiéu dao dong, din huéng chuyén dong (truyén
lyc). Tuong tng véi cac chiic ning 1a tirng bo
phan cu thé cua hé théng treo, nhu 1a by phéan
dan hdi (1o xo, nhip 14, thanh xoén), bd phéan
giam chan va bd phan din hudng (don ngang,
don doc, thanh lién két da diém) (Nguyén Khic
Trai, 2020).

Heé thdng treo dugc trang bi trén hau hét cac
dong xe phd thong ngay nay dugc goi 1a hé
thdng treo bi dong (hé thong treo co khi). Poi
voi loai hé thong treo nay, do cing cua phan tir
dan hoi va phan tir giam chin 1 ¢b dinh (C =
const, K = const). Két cdu cua loai hé théng nay
kha don gian nhung hiéu qua vé d6 ém diu
mang lai 1a khong cao. Trong nhiéu tinh huéng
dao dong, su mat ém dju c6 thé Xay ra. Pé khic
phuc nhuoc diém nay, y tuong sir dung cic hé
thdng treo c6 do clmg thay ddi da dugc ap dung.
Trong (Chen et al., 2014), Chen et al. d& xut
viéc su dung hé théng treo ban chu dong cho 6
t6. Hé thong treo ban chu dong sir dung giam
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chin dién tir thay cho giam chén bi dong thong
thuong. Khi c6 tin hiéu dong dién cung cép toi
cac ban cuc bén trong giam chan, tir truong sé
xuat hién xung quanh cac ban cuc va lam thay
d6i trat tu sip xép cua cac hat mat sit bén trong
(Yao et al., 2022). Két qua 1a dan dén viéc thay
d6i d6 nhét cuia chat long giam chan (thay doi
d6 cung cua giam chdn). Giai phap thi hai 1a
thay d6i 6 cimg ciia bd phan dan hoi, tic 14 sir
dung 10 xo khi nén thay cho 10 xo kim loai
truyén thong. P9 cimg ctia 10 xo khi nén dugc
thay ddi mot cach linh hoat dua trén su cung cép
khi nén vao cac khoang cua 10 xo (Lee, 2010).
Qua trinh cép khi duoc thuc hién hoan toan tu
dong dua trén viéc dong — md cac van solenoid.
Vi vay, day con duogc goi 1a hé théng treo khi
nén va thuodng duoc trang bi trén cac dong xe 6
t6 con cao cdp hodc xe khach c& 16n. Mic du
hi¢u qua vé d6 ém diju ma hé théng treo khi nén
mang lai 16n hon so véi hé thong treo ban chu
dong nhung gia thanh ciia n6 van con rat cao va
khong gian lép dat thuong bi han ché ddi véi
cac dong xe cd nhd. Mot y tudng khac dugce ap
dung dé cai thién dao dong cua 0 td6 chinh la
viéc su dung hé théng treo chu dong voi co ciu
chip hanh thiiy lyc (Huang et al, 2018). Hé
thong treo chu dong van co6 diy da cic thanh
phin nhu cia mot hé thong treo bi dong thong
thuong nhung duoc tich hop thém mdt co céu
chip hanh thuy lyc riéng biét tai mdi vi tri cta
hé théng treo. Lyc tdc dong dugc sinh ra tir co
cau chip hanh co thé giup dam bao su 6n dinh
clia xe trong sudt qua trinh dao dong.

Trong vai nim trd lai ddy, c6 nhiéu céc
nghién ciru vé didu khién cho hé thdng treo
trén 6 t6 da duogc thuc hién. In (Shefiei, 2022),
Shafiei da tién hanh danh gia vé viéc str dung
thuat toan PID cho mo6 hinh hé théng treo 1/4.
Day la mdt thuat toan don gidn va chi phu hop
d6i véi cac hé dao dong tuyén tinh véi mot
dau vao va mot dau ra (SISO). Néu hé dao
dong co nhiéu diu vao hodc nhiéu diu ra,
thuat toan LQR la mét gidi phap phu hop cho

viéc diéu khién hé thong treo, theo Nagarkar
and Vikhe (Nagarkar and Vikhe, 2016). Ban
chat cta thuat toan LQR Ia tim ra giai phap
gitup t6i thiéu hoa ham chi phi, tir d6 gitp
giam dao dong t6t hon (Yuvapriya et al.,
2022). Mot khi ap dung thuat toan nay, cac
phuong trinh mé td dao dong cua xe nén
dugc dua vé dang ma tran trang thai. Mac du
day 1a hai phuong phap phd bién, nhung
chung chi phu hop cho cac hé tuyén tinh. Néu
coi dao dong ctia xe 1a phi tuyén, can phai sir
dung thudt toan diéu khién phirc tap hon,
chéng han nhu thuat toan diéu khién truot
(Bayar and Khaneghah, 2020). Thuat toan
diéu khién truot (SMC) la mdt thudt toan
phtic tap va c6 thé ap dung cho dai da phan
cac hé théng phi tuyén. Trong bai bao nay,
tac gia dé xudt viéc thiét ké mot by dicu
khién truot dé kiém soat hoat dong cua hé
théng treo chi dong nhim ning cao do ém
diu va tinh 6n dinh cua xe.

2. MO HINH PIEU KHIEN

2.1. Ly thuyét diéu khién truwot

Ap dung 1y thuyét didu khién hién dai
(Nguyén Doan Phudc, 2020), xét dbi tuong
phi tuyén c6 md hinh duoc thé hién boi cong
thue (1):

W = £ (33" (1) (0

Trong d6: y(z) 13 tin hiéu dau ra va u(?) 1a tin
hiéu d4u vao (tin hiéu diéu khién).

Gia thiét rang ham hop f(y(?)) 14 mot ham phi
tuyén chua dugc xac dinh va c6 gidi han, tac la:

/]l <6 <o (2)
v Bodiéukhién |
-;:keJrﬁ ipsgn(s) :u~S(s):i, y;
dt H s

Hinh 1. Bé diéu khién truot

Neéu diéu kién ban dau w = 0, theo nhu so do
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trén Hinh 1, tin hiéu sai sb va tin hiéu diéu
khién cta hé théng duoc thé hién dudi dang sau:

e(z‘)zO—y(l):—y(Z) 3)

u:sgn(s):sgn(ke(t)+é(t)) 4)
Trong phuong trinh (4), ham sgn dugc sir dung
v6i muc dich duy tri quy dao chuyén dong cua
d6i tugng trong ving 1an can ctia mat truot. Tuy
nhién, viéc sir dung ham sgn c6 thé giy ra hién
tugng “chattering” trong mot sd truong hop.

bat x,=y,x,=7,...,x, =y,
trinh (1) duoc viét lai dudi dang hé nhu (5).

phuong

xi =X 5)
X" = f(§)+u(t)

Nhiém vu can thiét dat ra la thiét ké mot bo
diéu khién phan hoi tin hiéu dé hé on dinh dé
x(1) > 0.

Mat truot ctiia hé théng duogc cho dudi dang:

s(e)zliaie(i)(t) (6)

Trong d6, cac hé sb a; ctia mit truot (6) 1 cac
hé s6 cua da thic (7) sao cho thoa min diéu
kién p(4) 1a da thirc Hurwitz.

p(2)=2 0,2 %

2.2. M hinh diéu khién hé thong treo

Xét mod hinh dao dong mdt phﬁn tu dugc cho
boi Hinh 2, bao gdm: khdi luong duoc treo
(than xe) m;, khéi luong khong duoc treo my, 16
xo0 (d6 cimg K), giam chan (46 cimg C), 16p xe
(46 cing K7). Mot co céu chip hanh thuy luc
duogc dit gitta hai khdi lugng voi muc dich dam
béo 6n dinh dao dong cua 0 to.

. : ]
—_ | A : 1 :
K= C| ‘ | W LU SMC Cantroller|
—= | “~cccH -
I = =]
m; g™
[2 ‘ - e ht‘nsﬂl
l ; Kr =
- P

Hinh 2. M6 hinh treo chu dong

Ap dung nguyén ly D’alembert cho hé hai
vat, dao dong cua 6 t6 dugc minh hoa theo cac

phuong trinh sau:
mz =K(z,—2)+C(2,-2)+ Foecew ~ (8)
mz, =K;(h—2,)-K(2,~2)~C(4,~4) ~Foey (9)
Lyc tac dong dugc sinh ra boi co cAu chép
hanh thuy luc (Feccn) duge mo ta boi cac ham
phi tuyén (Konieczny et al., 2020). Tuy nhién,
qua trinh tinh todn khi sir dung cac ham nay la
tuong ddi phirc tap, ddc biét ddi voi nhirng thuét
toan can st dung tin hi€u dao ham bac cao cua
h¢ théng. Do @0, cac ham phi tuyén mo ta mdi
lién hé giita lyc tac dong va tin hiéu diéu khién
da duogc tuyén tinh héa dudi dang mot phuong
trinh vi phan bac nhat don gian hon (Bai and
Guo, 2018):
Focen = A (1) = A Focey + 25 (2, %)

Dit cac bién trang thai:

(10)

X = 215X, = 255X :FCCCH;x4:ZI;x5 =7z (11)

Lay dao ham cua cac bién trang thai:

%= x, (12)

X, =X, (13)

X, =ﬂ1u(z‘)—izx3+23(x5—x4) (14)

x4=mi(—le+Kx2+x3—Cx4+Cx5) (15)
1

X, =mi[1<x1 —(K; +K)x, —x,+Cx, - Cx, | (16)
2

Trong nghién ciru nay, dau ra cua bai toan
md phong duoc gia thiét 1a gid tri cia chuyén vi
than xe, turc la:

J/(t)=Z1:x1 (17)

Léy dao ham bac 5 cua tin hiéu ra:
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(11 K K+K |
KC[—+—jxl+C[——— * zjz
ml m2 ml mZ
K 2 2
O = _2r +[—£—£—ﬂzjx3+[C—+C——K—ﬂgjx4 (18)
xmm, m,m, m, - m,
2 2
+[—C——C—+(K+KT)+Z3}C5 + Au(r)
i m, m, |
Goi e(t) la sai s6 gitra tin hi¢u ra va tin hi¢u dat:
e(t)=y(1)-r(t) (19)
Mat truot ciia hé théng (6) duoc xac dinh dua trén cac tin hi¢u dao ham bac cao e(?):
s(e)=ae+ae+aé+ae+ae? (20)

Tin hiéu diéu khién cudi cung dugc tong hop lai theo (21).

(0= -3 S () R S0 0| @n

i=0

3. KET QUA

Nghién clru nay su dung phuong phap mo
phong s6 dé danh gia hiéu qua ctia hé thong treo
chii dong. Pau vao ciia bai toan mod phong 1a
kich thich tr mat duong (nguyén nhan chinh
gdy nén rung dong), dau ra la cac gia tri lién
quan dén d6 ém diu (chuyén vi va gia toc than
xe) va tinh 6n dinh (tai trong dong). Co hai
truong hop dugc xem xét trong qué trinh tinh
toan, tuong tng vai hai tin hi€u kich thich dang
hinh sin nhu trén Hinh 3. Trong trudng hop tha
nhét, tin hi€u kich thich c6 bién d va tan so
nho. O trudng hop thir hai, ca bién d6 va tan sd
cua tin hiéu dau vao déu 16n hon.

T
—THI1| /Y]
= TH2
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Hinh 3. Kich thich dau vao
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Céac thong sb phuc vu cho qua trinh mé
phong dugc tham khao trong Bang 1.

Bang 1. Cac thong s6 k¥ thuit 6 to

A /\ Ky’ . L4 .
Thong so N Pon vi | Gia tri
hi¢u

Khdi lwong duo
OLHONECuee ) 1 ke | 400
treo
Khbi lwong
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khong dugc treo " 8
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© 0SB ) Ne/m | 3160
chan

3.1. Truong hop 1

Chuyén vi cta than xe khi chju kich thich tir
mat duong (TH;) dugc mo ta trén Hinh 4. Theo
Kkét qua thu dugc, gia tri cua chuyén vi khi xe st
dung hé thong treo bi dong thi 16n hon rat nhiéu
so voi treo chu dong. Gia tri 1on nhat dat duoc
trong truong hop nay la 60,70 (mm) ung voi
tinh hudng bi dong va 10,07 (mm) cho tinh

huéng chu dong. Bén canh viéc st dung gia tri

cuc dai dé so sanh, chi tiéu vé RMS cling

thudng duge dé cap khi xét dén dao dong lién
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tuc cua hé théng treo. Gia tri RMS thu duoc cho
hai tinh hudng lan luot 13 39,61 (mm) va 7,04
(mm) theo thtr ty nhu trén. Nho vao viéc su
dung hé théng treo chi dong voi thuat toan
SMC, chuyén vi cua than xe da cai thién hon
dang ké.
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Hinh 4. Chuyén vi thén xe

Gia tdc clia than xe 1a thong sd quan trong
gitp danh gid d¢ ém diu cua 6 t6 khi rung dong.
Twong ty nhu chuyén vi, gia tbc duoc so sanh
gifta hai tinh hudng trong diéu kién xem xét vé
ca gia tri lon nhit va gia tri RMS. Theo Hinh 4,
gia tri dinh cua gia tdc khéi lwong dugce treo ¢6
thé dat toi 1,34 (m/s”) néu 6 t6 chi str dung hé
thong treo co khi truyén thong. Trong khi do,
gia tri ndy chi bang khoang 48,51% gia tri dinh
néu trén néu xe c¢6 bd diéu khién cho hé thong
treo. Gia tdc cua than xe dat cuc dai trong pha
dau tién cia dao dong, sau d6 giam dan & cac
giai doan tiép theo. Gia tri trung binh cua gia tc
tinh theo chi tiéu RMS duoc xac dinh 1a 0,40
(m/s”) cho tinh hubng bi dong va 0,07 (m/s®)
cho tinh hudng chu dong. Nho vao viée st dung
thudt toan diéu khién truot, dao dong cua 6 to
duoc dam bao tdt hon, mang lai tinh ti€n nghi
cao cho nguoi sir dung.

Tuy nhién, thuit toan diéu khién truot van
ton tai mot han ché chua thé giai quyét hoan
toan, do 1a hién tuong “chattering”, hay con goi
1a “nhidu”. Hién tugng nay khién cho dao dong

bi nhiéu tai mot vai thdi diém hodc toan bd thoi
gian khdo sat. Nho vao viéc lya chon cac tham
s6 mot cach hop 1y, hién tuong nay co thé duoc
giam b6t (Hinh 5) va sy anh huong cua no toi
dd ém diu cua xe 1a khong lon.

Trong cac bai toan vé diéu khién hé thong
treo, d0 ém diu cua xe 1a d6i tuong dugc quan
tam hang dau. Tuy nhién, néu hé théng treo chu
dong ma hoat dong qua muc, sy tuong tac gitta
banh xe va mit dudng c6 thé bi anh huong va
tham chi dan t6i hién tuong tach banh. Mot khi
su dung thudt toan diéu khién truot cho hé dao
dong véi kich thich dau vao c¢é dang tién dinh,
su hoat dong cua co cAu chép hanh thuy luc co
thé duoc kiém soat tét hon. Diéu nay giup duy
tri murc thay d6i 6n dinh cia tai trong dong banh
xe (Hinh 6).
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Hinh 5. Gia toc théan xe
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Hinh 6. Tai trong dong
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3.2. Trudong hop 2

Trong truong hop thir hai, kich thich mat
dudng la 16n hon. Do dd, cac dao dong cua xe
dugc du doan co thé thay d6i nhidu hon so véi
truong hop thir nhat. Sy thay ddi cuia chuyén vi
than xe theo thoi gian dugc mo ta trén dd thi
Hinh 7. Néu 6 t6 chi st dung hé thdng treo
thong thudng, gia tri cuc dai ciia chuyén vi c6
thé 1én t&i 105,94 (mm) va gia tri RMS thu duoc
1a 69,45 (mm). Trong khi do, néu bo diéu khién
truot duge ap dung cho hé théng treo, cac gia tri
nay gidm manh, chi con 15,99 (mm) va 11,33
(mm) theo thur ty néu trén. RO rang, sy chénh
léch cuia cac két qua 1a rat 16n.

Sy thay doi cua gia tdc khdi luvong duoc treo
trong truong hop thir hai thi 16n hon so voéi
truong hop dau tién. D6i voi hé thong treo bi
dong, gia tri cua gia tdc chi 6n dinh ké tur pha
thir ba tré di v6i d6 1on khoang 1,55 (m/s),
trong khi su 6n dinh cua tinh huéng 0 to su
dung treo chi dong co thé bat dau ngay ¢ pha
thir hai v6i bién d6 n dinh khong vuot quéa 0,24
(m/s?). Gia tri trung binh cia gia téc cho ca hai
tinh hudng nay 1a 1,18 (m/s®) va 0,20 (m/s),
gip nhau t6i gan 6 1an (Hinh 8). C6 thé két luan
rang d6 ém diu cia 6 to di dugc cai thién tét
hon khi str dung thuat toan diéu khién truot cho
hé théng treo chii dong. Trong truong hop nay,
hién tugng “nhiéu” van xay ra nhung anh hudng
ctia nd 1a khong dang ké.

Chuyén vi than xe (mm)

Thoi gian (s)

Hinh 7. Chuyén vi thén xe
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Hinh 8. Gia téc thén xe.

Su thay ddi cua tai trong dong tai banh xe khi
sir dung hé théng treo chu dong dugc kiém soat
t6t hon so v6i hé thong treo bi dong (Hinh 9).
Néu sy thay d6i ndy ma qua 16n, tham chi giam
vé khong, banh xe c6 thé bi tach khoi mit
dudng va gy ra su mit 6n dinh chuyén dong.
Thuét toan diéu khién truot gitip dam bao diéu
kién nay t6t hon trong cac tinh hudng dao dong
voi kich thich dau vao 1a ham dao dong diéu hoa
(kich thich tién dinh).

5500 T
) [=——Cha ding,
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Tai tinh
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Thiri éinn {s)
Hinh 9. Tai trong dong

Két qua ciia qua trinh mé phong duogc tom tat
trong Bang 2 va Bang 3.
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Bang 2. Két qua mé phéng (TH))

Cha dong | Bidong | Chudong ‘ Bidong | Chudong Bidong

Chuyén vi Gia toc Tai trong dong
L6n nhét (nho nhét) 10,07 60,70 0,65 1,34 3873,13 | 3738,98
RMS 7,04 39,61 0,07 0,40 4287,08 | 428944

Bang 3. Két qua méd phéng (TH,)

Cha dong | Bidong | Chudong ‘ Bidong | Chudong Bidong

Chuyén vi Gia toc Tai trong dong
L6n nhét (nho nhét) 15,99 105,94 1,39 2,83 3400,45 | 3122,17
RMS 11,33 69,45 0,20 1,18 429074 | 4327,57

4. KET LUAN hai khdi lwong. Thuét toan diéu khién truot

Mép mé miat dudng 1a nguyén nhan chinh
gdy ra rung dong cho 6 6, hé thong treo dugc
sir dung dé diéu hoa va dap tit cac dao dong
nay. Trong nhiéu trudng hop dic biét, hé thong
treo bi dong khong thé dap ung dugc cac yéu
cAu dat ra vé do ém diu cho xe. Do d6, hé théng
treo chu dong v6i co cdu chip hanh thuy luc
dugc st dung dé thay thé cho hé théng treo bi
dong thong thuong.

Trong nghién ctu nay, dao dong cua 0 to
dugc mod td boi mot md hinh dong lyc hoc voi
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duoc thiét ké dé ap dung cho hé thdng treo chu
dong ctia xe. Theo két qua mo phong, gia tri cuc
dai va gia tri trung binh ciia ca chuyén vi va gia
téc than xe déu giam dang ké khi sir dung hé
théng treo chu dong. Bén canh do, su tuong tac
gitra banh xe va mat duong cling dugc dam bao
tdt hon khi ap dung thuat todn nay. Vi vay, su
6n dinh va tinh tién nghi cua 6 t6 da dugc cai
thién t6t hon. Hién tugng “nhiéu” van con xay
ra nhung khong anh hudng 16n téi sy hoat dong
clia ca hé thong.

Luu Vin Tudn, Ly thuyét 6 t6, Nha xuat ban Gido duc Viét Nam, 2019.

Nguyén Doén Phu6c, Phdn tich va diéu khién hé phi tuyén, NXB Bach Khoa Ha N6i, 2020.

Nguyén Khéc Trai, Két cdu 6 té, Nha xuét ban Bach Khoa Ha Noi, 2020.

B. Shafiei, “A Review on PID Control System Simulation of the Active Suspension System of a
Quarter Car Model While Hitting Road Bumps”, vol. 103, pp. 1001-1011, 2022.

G. Z. Yao, et al.,, “MR Damper and Its Application for Semi-Active Control of Vehicle Suspension
System”, Mechatronics, vol. 12, no. 7, pp. 963-973, 2022.

J. Konieczny, M. Sibielak, and W. Raczka, “Active Vehicle Suspension with Anti-Roll System Based
on Advanced Sliding Mode Controller” Energies, vol. 13, no. 21, 2020.

K. Bayar and F. S. Khaneghah, “Optimal Sliding Mode Control Method for Active Suspension
Control”, IFAC-PapersOnLine, vol. 53, no. 2, pp. 14285-14291, 2020.

M. P. Nagarkar and C. J. Vikhe, “Optimization of the linear quadratic regulator (LOR) control quarter car
suspension system using genetic algorithm”’, Ingenieria e Investigacion, vol. 36, no. 1, pp. 23-30, 2016.

M. Z. Q. Chen, et al., “Semi-active suspension with semi-active inerter and semi-active damper”,
IFAC Proceedings Volumes, vol. 47, no. 3, pp. 11225-11230, 2014.

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 83 (3/2023) 41



R. Bai and D. Guo, “Sliding-Mode control of the active suspension system with the dynamics of a
hydraulic actuator” Complexity, 2018

S. J. Lee, “Development and analysis of an air spring model”, International Journal of Automotive
Technology, vol. 11, pp. 471-479, 2010.

T. Yuvapriya, P. Lakshmi, and V. K. Elumalai, “Experimental Validation of LOR Weight
Optimization Using Bat Algorithm Applied to Vibration Control of Vehicle Suspension System”,
IETE Journal of Research, 2022.

Y. Huang, et al.,, “Approximation-Free Control for Vehicle Active Suspensions With Hydraulic
Actuator”, IEEE Transactions on Industrial Electronics, vol. 65, no. 9, pp. 7258-7267, 2018.

Abstract:
RESEARCH ON THE SLIDING MODE CONTROL ALGORITHM FOR AN
AUTOMOTIVE ACTIVE SUSPENSION SYSTEM

The suspension system is used to control the vibrations of the vehicle while traveling on the road. In
this paper, the sliding mode control (SMC) algorithm is designed to control the active suspension
(active suspension). This is a complex algorithm, and it is suitable for nonlinear oscillation systems
with the input excitation being of predetermined form, such as automobile suspension systems. The
simulation process is done by MATLAB-Simulink software with two specific cases. According to the
calculation results, the displacement and acceleration of the vehicle body are reduced sharply when
using the sliding control algorithm for the suspension system. In addition, the car's stability is also
better guaranteed when equipped with an active suspension system (as evidenced by the change in
wheel dynamics load). The chattering phenomenon still occurs when the oscillation changes phase;
this is the nature of the sliding mode control algorithm. However, its influence is not great. In the
following studies, the sliding mode control algorithm can be combined with other intelligent
algorithms to solve this problem.

Keywords: Automotive suspension system, sliding mode control, oscillation, simulation.
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