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Tém tit - Céc kich thich tir mét duong la nguyén nhén chinh gy
ra dao dong cho 6 t6. Dé nang cao sy 6n dinh va tinh ém diju, hé
théng treo chii dong dugc sir dung dé thay thé hé théng treo bi
dong thong thuong. Bai bao nay tap trung vao viéc mo phong va
danh gia hiéu qua dao dong cua xe khi sir dung hé théng treo chu
dong vai co cdu chip hanh thuy lyc. Trong bai bao ndy, mé hinh
mot phin tu véi xylanh thay Iyc phi tuyén dwoc xét dén. Thuat
toan diéu khién PID (Proportional — Integral — Derivative) cho hé
SISO (Single Input — Single Output) dwoc st dung dé didu khién
cho h¢ théng treo, qua trinh md phong duge thyc hién ba‘tng phin
mém MATLAB-Simulink. Két qua nghién ctru cho thiy, cac gia
tri 16n nhét va gia tri trung binh cua chuyen vi cling nhu gia toc
than xe da giam di rat nhiéu khi hé thong treo chil dong duoc st
dung. Do d6, 36 ém diu va tinh tién nghi cua xe da dugc nang cao.

T khéa - H¢ théng treo chu dong; co cdu chip hanh thay luc;
thuat toan diéu khién

1. Gidi thi¢u

Dao dong ciia xe 0 t0 1a mot trong nhing van dé dang
ngay cang duoc nghién ciru nhiéu, dic biét trong nhitng nam
gan ddy. Dao dong ciia xe c¢6 thé gay anh hudng 16n i sirc
khoe ctia nguoi 1ai, hanh khach, chat luong hang hoéa ciing
nhu tudi tho ctia xe. C6 nhiéu nguyén nhan khién cho xe bi
dao dong, trong do, cac kich thich tir mat duong 1a nguyén
nhan chi yéu cua hién tuong ndy. Vi vay, hé thng treo duoc
str dung dé diéu hoa cac dao dong cho xe. Theo [1], hé thong
treo chia xe thanh hai phan, bao gdm: Khdi lugng duoc treo
(toan bo nhitng phan & trén hé thdng treo) va khéi lwong
khong duoc treo (nhitng thanh phan nam bén duéi hé thong
treo). Hé thong treo c6 ba thanh phan: Lo xo, giam chén, tay
don tuong tmg voi ba chiic ning chinh cua hé thong. Trong
nhiéu truong hop dac biét, h¢ thong treo bi dong thong
thuong khong thé dap tmg cac yéu cau vé sy 6n dinh ciia xe.
Do d6, hé thong treo chu dong duogc dé xuat dé thay thé hé
thong treo co khi thong thuong [2].

Hé thong treo chu dong duoc trang bi thém mot co cAu
chdp hanh thuy luc & mdi banh xe. Co cdu nay c6 dang
xylanh thiy Iy, bén trong 13 hé thdng cac servo-valve [3].
Khi dong dién duoc cung cap, cac valve bén trong s& thuc
hién qué trinh dong — mo, diéu nay gy ra su chénh léch ap
suat giita cac khoang. Sy chénh léch ap suét nay s& gay ra
lyc tic dong 1én ca phan khi luong duge treo va khong
dugc treo dé giam thiéu dao dong cua xe [4].
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Abstract - Excitations from the road surface are the main cause of
vehicle vibrations. To improve the stability and ride comfort of the
vehicle, the active suspension system is used to replace the conventional
passive suspension system. This paper focuses on simulating and
evaluating the vibration efficiency of the vehicle when using the active
suspension system with a hydraulic actuator. In this paper, a quarter
model with nonlinear hydraulic cylinders is considered. The PID control
algorithm (Proportional — Integral — Derivative) for the SISO system
(Single Input — Single Output) is used to control the suspension system,
and the simulation process is performed by MATLAB-Simulink
software. According to the results of the paper, the maximum and
average values of vehicle body displacement and acceleration were
greatly reduced when the active suspension system was used. Therefore,
the smoothness and comfort of the vehicle have been enhanced.
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Thoi gian gin day, c¢6 nhidu cac nghién ciru vé hé thng
treo chu dong da dwoc cong bd. Trong [5], tac gia da su
dung mé hinh mét phan tu v6i thuat toan diéu khién PID
va LQR cho mé hinh nay. Tuy nhién, mé hinh d6 khong
xét dén anh huéng cua co cau chap hanh thuy luc. Tuong
tu, md hinh mot phﬁn tu v6i thudt toan diéu khién bén viing
cling dugc chi ra trong nghién ciru ctia Fu va Dong [6].
Nghién ctru ciia ho ciing chua dé cap t6i sy anh hudng cua
xylanh thuy lyc. Do d06, d6 6n dinh ciia mé hinh van chua
thuc sy chinh xac. Trong [7, 8], cic tac gia nay da ké dén
anh huong ctia co cau chap hanh dugc dat tai mdi banh xe.
Co ciu nay hoat dong dua trén tin hiéu dién ap dugc cung
cép tir bo diéu khién. Cac tham sb ctia bo diéu khién c6 thé
duoc lya chon dua trén kinh nghiém cia nguoi thiét ké
cling nhu vi¢c sir dung mot $6 thuat toan thong minh dé tim
ra gia tri tbi wu cta chiing [9-11].

2. Md hinh

C6 nhiéu phuong phap duoc st dung dé xay dung hé
phuong trinh vi phan moé ta dao dong ctia hé thong treo. Str
dung phuong phép tich hé nhiéu vat, mé hinh déng luc hoc
mot phan tu (Hinh 1) dugc chia thanh hai khéi lugng, bao
gdbm: Khdi lwong duge treo my va khéi lwong khéng duoc
treo m,. Xét khdi luong dugc treo my, c6 ba lyc tac dung
I&n: Luc dan hdi cta 10 xo Fi, lyc can cia giam chan Fc va
luc tac dong cta co cau chip hanh thuy luc Fa. Dya trén
nguyén 1y D’ Alembert, phuong trinh moé ta dao dong theo
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phuong thing ding z; cua khéi lugng dugc treo duge dua
ra nhu sau:

mz =F +F +F, 1)

Dbi vai phan khéi luong khong dugce treo my, lyc dan
hoi cuia 16p xe Fxr duge ké t6i. Thanh phan giam chan cta
16p 1a vo ctng nho, do d6 ¢ thé bo qua. Phuong trinh (2)
mo ta dao dong theo phuong thang dung cia khdi luong
khong dugc treo 2.

_FK _FC _FA (2)
L[

mz

mz Zz = FKT

Ky
ln

Hinh 1. M6 hinh hé thong treo
Céc lyc lién két c6 thé duge xac dinh nhu sau:

Luc dan hoi cua 10 xo:

F =K(z,-17) ?)
Luc can cia giam chén:

F =C(z,-1) (4)
Luc dan hdi cua 16p:

F, =K (h-z,) (5)

Luc tac dong duoc sinh ra tir co cau chdp hanh thuy luc
Fa phu thudc vao su chénh léch ap suét chat long gitra hai
khoang va dién tich mat cét ngang cua piston (Hinh 2) [12-
14]. Gia thlet rang dién tich mat cit ngang cia piston ¢ hai
khoang 1a gidng nhau (Sp1 = Spz), b qua thanh phan luc can
ma st F; gitra xylanh va piston, lyc tac dong Fa c6 thé dugc
xac dinh nhu phuong trinh (6).

Fa :SpZPZ_SplFi_Ff zSpAP (6)
Zs
_ 1
P, ‘ P, Fa
S, ‘ o
[}
Xsv
—_ ! L”_—‘T
| L [
| Ps

Hinh 2. Co cdu chdp hanh thity hee
Khi by diéu khién duogc cp dién 4p, cac van bén trong
co cau chap hanh s& dich chuyén. Chinh sy dich chuyén
nay tao ra su chénh l¢ch ap suat giita cac khoang. Moi lién

hé giita tin hidu dién ap u(t) va do dich chuyén cta cac ctra
van Xsy dugc dua ra nhu trong phuong trinh (7):

X, == [(ku(0)-x, )t %

Luu lugng chat long Q thong qua cac cira van 1a mot
ham phuy thudc vao sy chénh 1éch ap suit AP.

Q:ﬁxw,m—sgn(xw)AP (8)

1

Sy thay déi 4p suét bén trong:

AP:yJ(Q—ﬁAP—SPZS]dt )
7
Két hop cac phuong trinh (6) (7) (8) (9), thu dugc:

F, =S, (1] %, P -swn(x, ) apat-7, [apat 7 [1.t) (10)

Trong d6: Sp : Dién tich mat cit ngang cua piston.

ksv : Hé sb cua servo-valve.
© : Hing sb thoi gian.
vi : Hé sb ctia co cau chap hanh.

Qua trinh dong n}(’r cac ctra van pl}u thudc vao tin hiéu
dién ap dugc cung cap tir by dicu khién. Hi¢u nang cua hé
thong phu thudc vao viéc thiét ké thuat toan diéu khién sao
cho phu hop. Trong nghién ctru nay, thuét toan PID duoc
dé xuat. bay la thuat toan diéu khién tuyén tinh cho hé
SISO, thuét toan nay dugc sir dung rong rai cho nhiéu hé
thong cong nghiép ngay nay.

Goi e(t) 12 sai sb giira tin hiéq dat va tin hiéu dﬁu»ra cua
md hinh. Theo [15], tin hiéu diéu khién u(t) co thé dugc
xac dinh thong qua phuong trinh (11):

u(t) =k, { (t)+—j (£)de+T, de(‘)}

V6i mé hinh vao — ra nhu trén, ham truyén ciia bo diéu
khién dugc viét lai dudi dang:

R(s)=k ( +E+TSJ

Sau khi dé xac dinh dugc ham truyén cua bo diéu khién,
qua trinh tinh toan mo phong s€ dugc tien hanh.

(1)

(12)

3. Két qua va thao luin
3.1. Piéu ki¢n mé phong
Qua trinh mo6 phong dao dong cua 6 t6 dugc thuc hién
trong moi truong MATLAB-Simulink v6i hai truong hop
cu thé nhu trén Hinh 3. Hai dang kich thich nay déu la dang
tuan hoan kiéu song sin voi bién d¢ va tan so khac nhau.
Cac kich thich nay duoc tham khao theo mét s cac nghién
clru trude ddy [15, 16]. Su bién doi ¢ déy 1a tuan hoan, do
do6, cé thé dé dang danh gia hiéu nang cua bd diéu khién.
h = Asin(2z ft + ¢)(mm) (13)
Céc thong sb tham khao cia xe st dung cho mo6 phong
dugc dua ra nhu trong Bang 1. Cac tham sO nay dugc lay

tir mau xe SUV ctia phan mém Carsim. Céc thong s6 ctia
tin hiéu kich thich dugc dua ra nhu trong Bang 2.
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Miip m mit duirng (mm)

Thed gian (s)
Hinh 3. Mdp mé mat duong
Bing 1. Cic théng s6 tham khéo

Ky hiéu Mb ta Gi4 tri | Don vi
m1 Khéi lwong dugc treo 400 kg
m2 Khéi lwrgng khong dugc treo 45 kg
K Do cung cua 10 xo 38000 | N/m
Kt D6 cling cta 16p 180000 | N/m
C Do cling cua giam chan 3100 Ns/m

Bing 2. Cic théng so ciia tin hiéu kich thich

Bién d9 A (mm) | Tén s6 f (1/s) [Pha ban déu ¢ (rad)
TH:1 50 0.159 0
TH2 100 0.318 0

3.2. Két quéi mé phéng

Két qua md phong dwoc dua ra & trong hai truong hop
dudi day. Két qua cua bai toan nay bao gom cac gia tri 1on
nhat va gid tri trung binh cua chuyén vi ciing nhu gia tdc
cua than xe.

o Truong hop 1:

Trong truong hop nay, kich thich mét duong c6 dang ham
tuan hoan duoc st dung véi d6 16n cua kich thich 1a 50 (mm).
D4 thi Hinh 4 chi ra sy thay d6i chuyén vi cta than xe theo
thoi gian. Theo d6, than xe s€ dao dong lién tuc bam theo tin
hi¢u kich thich tr mat duong. Néu xe chi sir dung hé¢ théng
treo bi dong, gia tri 16n nhat ctia dao dong co thé dat 50,65
(mm), mc nay twong dwong v6i kich thich ban dau. Nguoc
lai, gi4 tri nay c6 thé giam xudng chi con 8,07 (mm) néu hé
thong treo chi dong duoc su dung. Gid tri trung binh cta
chuyén vi khi tinh theo chi tiéu RMS lan luot dat 36,40 (mm)
va 5,74 (mm) trong mg véi hai tinh hubng khao sat.

60

\ / \
40 ' v ’ \ ;

Chuyén vi e thin xe (mm)
N

20 L

I
s Y / L

Thii gian (s)

Hinh 4. Chuyén vi ciia khoi lrong duoc treo (TH1)

Dbé danh gia d ém diu cia xe, cac gia tri vé gia tdc cua
dao dong thuong duoc xét dén. Theo két qua thé hién trén
Hinh 5, gia tdc cuc dai cua xe khi chi st dung hé théng treo
co khi thong thudng c6 thé 1én t6i 0,46 (m/s?). Trong khi
d6, gia trj nay chi bang 0,08 (m/s?), chiém 17,39% gié tri
ban dau néu hé thong treo chu dong véi co ciu chip hanh
thity luc duoc sir dung. Cac gia tri trung binh ciia ching lan
luot duge tinh toan theo chi tiéu RMS 1a 0,06 (m/s?) va
0,01 (m/s?). R& rang, d6 ém diu ctia xe ¢6 thé dugc cai thién
khi hé thdng treo chu dong dugc sir dung dé thay thé hé
thdng treo bi dong thong thuong.

0.5

Gia toe cia than xe (m/s*)

Thoi gian (s)
Hinh 5. Gia téc ciia khéi lwong duge treo (TH1)
e Truong hop 2:
Trong truong hgp thi hai, kich thich tir mét duong co
bién dg va tan so 16n hon so véi truong hop dau tién. Do
d6, dao dong cua xe cling s€ 16n hon.

~ - \
w17y e /

Chuyén vi cia thin

-100 v 1

0 10 15

Thii gian (s)
Hinh 6. Chuyén vi ciia khéi lwgng dugc treo (TH?)

Theo Hinh 6, chuyén vi 16n nhit ma than xe c6 thé dat
dugc tuong tng v6i hai truong hop khao sat 1an luot 1a
15,58 (mm) va 105,39 (mm). Gia tri trung binh cta dao
dong khi xe st dung hé thdng treo chu dong véi thuat toan
diéu khién PID cling nhé hon so véi tinh huéng con lai, chi
bang 10,31%.

Twong tw nhu trudng hop dau tién, gia toc cua than xe
¢ truong hop nay cling thay dbi lién tuc theo thoi gian voi
bién d6 tuan hoan (Hinh 7). P 16n cua gia téc dat cuc dai
tai pha diu tién cua dao dong, sau do s€ giam din va én
dinh. Gia tri cuc dai cua gia toc ing v6i tinh hudng xe sir
dung hé thdng treo co khi c6 thé dat 1,82 (m/s?), trong khi
d6, gia tri nay chi bang 0,31 (m/s?) néu hé théng treo chu
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dong duge trang bi. Piéu nay c6 thé lam gia ting do on
dinh va tinh tién nghi cta xe khi di chuyén trén duong.

Chu ding.
Bldjng |

o s 10 15
Thi gian (s)

Hinh 7. Gia téc ciia khéi lwong duoc treo (TH>)

4. Két luan

Kich thich tir mat duong 13 nguyén nhan chua yéu gay ra
dao dong cho 6 t6. Nhiig dao dong nay c6 thé anh huong
t6i st khoe ctia hanh khéach ciing nhu chét lwong hang hoa
khi xe di chuyén trén dudng. Do do, hé thdng treo dugc sir
dung dé diéu hoa va dap tat nhimg dao dong khong mong
mudn nay. Dé nang cao d6 6n dinh cho xe khi di chuyén
trén dudng, phuong phap sir dung hé thong treo chu dong
v6i co cdu chap hanh thity luc dwoc dé xuét.

Theo két qua ciia nghién ctru, cac gia tri vé chuyén vi
va gia toc cua than xe da giam dang ké khi xe sir dung hé
thdng treo chu dong dé thay thé hé thong treo co khi thong
thuong. O ca hai truong hop khao sat, hé thdng treo chu
ddng déu cho thay su 6n dinh va kha ning dép tng. Do do,
dd ém dju cta xe da duge cai thién tot hon.

Thuat toan PID duogc st dung trong nghién ctiru phu hop
v6i nhitng hé tuyén tinh. Trong tuong lai, cac nghién ctru
vé thuét toan diéu khién phi tuyén cho hé thong treo chu
dong co thé dugc thuc hién.
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