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TOM TAT

Noi dung trong bai bdo nay, xét dén md hinh hé théng treo 1/2, 5 béc tu do ¢d tinh dén vi tri ghé clia nguai li. Bat dau, tif nhitng cong thiic dinh ludt co ban,
cac hé phuang trinh vi phan cla co hé va hé phuong trinh ma tran da dugc xay dung. St dung hé phuong trinh vi phan va ma tran da xay dung dé khdo sét, phan
tich dac tinh dao ddng cia md hinh hé thdng treo trén bé mét dutng kich thich ngau nhién, trong diéu kién toc do khac nhau, tir d6 dua ra nhiing phan tich,
danh gia va khdo sét dao dong cia m hinh hé thdng treo thong qua cac gia tri gia toc hiéu dung c6 trong s0 tai cac vi tri ghé nquoi di, trong tam cla thén xe,
diém ddt co cdu treo trudc 1én than xe, diém dat co cu treo sau Ién than xe. K&t qua thu dugc c6 thé lam co's& dé nghién ctiu dao dong tai cac vi tri ghé ngdi khac
trén xe 6 to.

Tir khéa: Hé phuang trinh vi phdn; dao ddng; ghé ngudi Idi; mé hinh hé thdng treo %.

ABSTRACT

The content of this paper considers a half-vehicle suspension model with 5 degrees of freedom, taking into account the driver’s seat position. Starting from
the fundamental physical laws, the system’s differential equations and the corresponding matrix equations are established. The constructed differential and
matrix equations are then employed to investigate and analyze the vibration characteristics of the suspension model under random road excitations at different
vehicle speeds. Based on this, the vibration of the suspension model is analyzed and evaluated through the weighted root mean square (RMS) acceleration values
at the driver’s seat, the vehicle body center of gravity, the front suspension mounting point on the body, and the rear suspension mounting point on the body.
The obtained results can serve as a basis for further studies on vibrations at other seating positions in automobiles.

Keywords: Differential equations, vibration, driver’s seat, half-car suspension model.
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1. DAT VAN BE

Dao dong phat sinh trong qua trinh van hanh 6 t6 cha
yéu xuat phat tr mat dudng khong bang phang, hé théng
truyén déng va cac tac dong ngoai luc. Khao sat dao dong
0 10 la mét viéc quan trong, nham phan tich, danh gia do
bén két cau, mic d6 anh hudng dén dd ém diu, suan toan
khi st dung va con gép phan cai thién su thoai mai cho
Nnguai st dung xe.
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Dén nay, da ¢ nhiéu nha khoa hoc nghién ctru vé dao
dong va rung dong xe 6 t0: Tac giad Xiulai Wang cling cac
céng su da nghién clru dé tai Nhan dang dudng dua trén
tin hiéu rung déng cla xe bang thuat toan ISA [1]. Tac gia
ZongZhu-Hu va céng sy da st dung két hgp mo hinh 1/4
va mé hinh 1/2 &p dung cho xe tai dé nghién ctu rung
dong cuia xe tai nang, tir dé phan tich cac thong s6 dong
luc hoc vé su thoai mai khi lai xe [2]. Tac gia Nurkan Yagiz
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cung cac cong su da sir dung mo hinh hé théng treo 12
dua trén phan mém Matlab - Simulink tao ra bd diéu
khién Fuzzy hé théng treo cht ddng vai t6 hgp ghé hanh
khach thu dong [3]. Tac gia Vi Hai Quan va céng su da su
dung mé hinh hé théng treo 1/4 két hgp véi cac bo diéu
khién PID va LQR dé danh gia dao dong ctia mo hinh [4].
Tac gia Nguyén Dinh Nghiém cung céc cong su da su
dung mé hinh hé théng treo 1/2 dé tinh toan dao déng
clia m6 hinh 6 t6 c6 xét dén phan ti dan hoi nhét cap
phan s6 [5]. Tac gia Nguyén Trong Duic va cac cong su da
mo hinh héa va phan tich hé thong treo tich cuc st dung
mo hinh % két hop st dung moét s6 phuong phap diéu
khién khac nhau [6]. Tac gia Lé HGu Chuc da danh gia chat
lugng dao doéng cla 6 t6 si dung hé théng treo
MacPherson tich cuc c6 diéu khién RISE [7]. Tac giad Vi
Céng Ham va cac cong su da st dung moé hinh hé khéng
gian 7 bac tu do dé danh gia dao dong cua 6 t6 hai ciu
[8]. TémM lai, da c6 nhiéu cong trinh nghién ctu st dung
cac md hinh hé théng treo khac nhau khao sat vé dao
dong va rung déng clia xe. Tuy nhién, viéc xét dén dao
dong tai vi tri ghé ngdi trén xe, vdi kich thich cia mat
dudng van con han ché. Do d6, nhém tac gia dua ra mo
hinh hé théng treo 1/2, nam bac tu do c6 xét dén vi tri ghé
clia ngudi 1ai, xay dung hé phuong trinh vi phan clia co
hé, sttdung phan mém Mablab - Simulink mé phong dao
dong cua co hé do kich thich ctia mat dudng ngau nhién
vdi cac diéu kién téc dd khac nhau, nham xac dinh cac
thong s6 dac trung tai cac vi tri dac biét dé phan tich, khao
sat, danh gia dao dong ctia hé théng va gia tri gia téc hiéu
dung cé trong s0 tai vi tri gh& ngudi lai, lam co s& cho viéc
cdm nhan cla ngudi lai theo tiéu chudn 1SO 2631-1.

2.COSGLY THUYET
2.1. M6 hinh khao sat dong luc hoc

Z

Hinh 1. M6 hinh ddng luc hoc khao st hé thdng treo 6 t
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Trong nghién cttu, nhém tac gia da xay dung moé hinh
hé théng treo Y2, ndam bac tu do d€ khao séat va phan tich
dao dong clia hé théng treo (hinh 1).

Trén hinh 1: M, - Khéi lugng ngudi va ghé lai; M; - Khoi
lugng than xe; M; - Khéi lugng treo trudc; Ms - Khéi lugng
treo sau; Zi, Zy, Z,, Z3 - D6 dich chuyén theo phuong thang
ding cda vi tri ghé 1ai, than xe, treo trudc va treo sau;
¢ - DPé dich chuyén géc ldc nghiéng doc than xe;
I - Mémen quan tinh cla than xe; U, Uz - D nham bé mat
dudng tai banh xe trudc va sau; ki, k, ks, ka, ke - D6 cliing
cla ghé 1ai, treo trudc, treo sau, 16p trudc va 16p sau;
C1, G5, G5 - Hé s6 gidm chén clia ghé, treo trudc va treo sau;
X, L1, L, - Khodng céach tur trong tam xe dén vi tri ghé 1ai,
truc banh xe trudc va truc banh xe sau.

TU mo6 hinh dong luc hoc (hinh 1), ta thiét 1ap dugc mé
hinh céc luc tdc dong Ién hé dao déng nhu thé hién trén
hinh 2.

Z1NL
M,

Fr Fra

Hinh 2. Cac luc tac ddng |én hé dao dong 5 bac tu do

Trén hinh 2: F, Fs, Fs3 - Hop luc cta luc dan héi va luc
giam chan cla vi tri ghé€ 1ai, treo trudc, treo sau; F, Fr, -
Luc dan héi ctia banh trudc, banh sau; Ngoai ra, con cé luc
Momen quay tuong Ung véi goc quay @ tai trong tam clia
than xe.
2.2, Hé phuong trinh mé hinh dao dong

Ap dung dinh luat Il Newton cho céc khéi dao déng
cta hinh 2, ta thiét lap dugc cac phuong trinh vi phan:

Tai vi tri ghé lai:

M, Z, =k1(zA—z1)+c1(z'A—z'1J (1)
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Tai vi tri than xe:

Ic'['):x[k1(2t —xcp—Zl)+C1(Z't—x¢v—Z'1H

M, Z, =|k,(Z,-25)+C,| Z,-Z
L o)+ 2( 2 BH kp(Z,-Z: +L,9)
-L L5 ; (11)
+ Z ZC +G; Z3 ZC (2) +G | Z,-Z,+L 0
_ +c1(zA 21]} +L, k3(z3—zt—chp)+c3(z'3—z't+L2¢ﬂ
lp= x[h )+G| Zy- zﬂ M, Z, =kg (U; - Z,)
i . . (12)
-k, (Z,—2Z, +L Gl Z,-Z.+L
_L [k (z,-2 )+C2(Z _7 H 3) I 2(Z,-Z, +Li0)+ 2( 24t 1@)}
+L, [k3 (2,-20)+C, (23—z‘cﬂ M, Z; =k, (U, -Z;) 3
. . 13
Tai vi tri cAu trudc va cau sau: _{k3 (Z3=Z,-L,0)+ G [Z3_Zt+|‘2 cpﬂ
. "~ AY * - R . ~ A
M, Z, =kﬂ(U1 —Zz) Hé phuong trinh (¥), dugc biéu thi vé dang ma tran
Y] @) (4
[k (2,-2,)+G, [zz_zB) -
- Muw(t) +Cuw(t) +Kw(t) =F(t) (14)
M, Z; =k, (U, —Z5) Trong d6: Cac ma tran M, C, K 1an lugt |a ma tran khéi
Y (5)  lugng, ma tran gidm chan va ma tran dé ciing cia mé hinh.
~k3(Z3 -2 )+ G| Z,-Z¢ e e 2 s e A A LA .
| F(t) biéu thi cac kich thich tac dong |én hé thong, tac

nhan gay ra kich thich trong ca hé chinh la nhimg map moé
clia mat dudng U, dugc thé hién trong phuang trinh (15).

F(t) = K(1).U(t) (15)

Dua vao dac tinh clia mé hinh, cac gid tri Z, Zs, Zc dugc
tinh bang cong thuc:

Z2,=7Z,—x¢p (6) .
Nhu vay, cac ma tran dugc viét lai dudi dang cong thuc:
L=2-Lo 7)
M, 0 0 0 O
Zc=4-1L¢ ®) 0 M, 0 0 O
Thay (6), (7), (8) vio (1), (2), 3), M= o e (16)
(4), (5), ta dugc hé phuong trinh 0 0 0 0 M,
g););.ém c6 5 phuang trinh (9) dén c - C, 0 0
' -G (G+G+G) (Lz% _L1C22 _XC;) -G -G
MZ, =k,(Z, —x¢-2,) C=xC (LG -LG-xG) (G +GL+GE) LG LG (17)
. 9) 0 -G, L,C, C, 0
+G| Z—x¢p-Z, 0 -G -1,G 0 G
__ K, & xk, 0 0
MZ =k,(Z,-Z +L;) & (Kt tks) (ks Lk, —xk,) s
2 2 2
+C2(22—Zt+L1 (-p) K= Xk (ks Lk —xk) (k@ +hlG+kB ) Lk, kg (18)
0 —, Lk, (ke +k,) 0
+k3(Z-Z,-L,0) 0 0 &, Lk, 0 (kptks)
+C3(Z3—Zt+L2cb) 0 0
0 0
—ki(Z,—x¢-Z,) F(t)=K(t)U(t)=| 0 0 [lﬂ (19)
. k 0 2
<[2x-2) 50
w=[Z, Z, ¢ Z, Z,] (20)
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2.3. M6 hinh kich thich mat duong

Su kich thich ctia mat dudng thé hién muc dd ngau
nhién nhat dinh, viéc xac dinh dac tinh dao dong cla xe
phu thudc vao viéc mé phong tin hiéu kich thich clia mat
dudng. Sir dung phuong phap mat d6 phé céng suat clia
mat dudng dé mo ta cac dac diém cda mat dudng ngau
nhién, bién do kich thich clia mat dudng dugc chia thanh
nhiéu cadp d6 khac nhau, theo tiéu chuan quéc té 1SO
8608.

Tq(n)qu(nO)(L]_w

Ny

(21)

Trong d6: Tq(no) - Mat dd phé cong suét tai tan s
khéng gian tham chiéu no (m®); n - Tan s6 khoéng gian

-
1 2
%=z j [w(t)a(t)]d, (23)
0

Trong d6: a(t) - Tin hiéu gia toc thuc té tir ghé lai theo
thdi gian; w(t) - Ham trong s6 theo tan s6 (do 1SO quy
dinh, phu thuéc hudng rung); T - Tong thoi gian do; aq, -
Gia tri gia t6c hiéu dung c6 trong sé.
3. MO PHONG HE THONG VA THAO LUAN
3.1.Théng sé mé phong

Cac tham s6 tinh toan cla hé théng treo nhu thé hién
trong bang 2.

Bang 2. Tham sd hé thdng treo 1, 5 bac tu do

. o . RS STT Théng s6 ky thuat Ky hiéu | Donvido | Gia tri
(m™); no -Tan sé khdng gian tham chiéu; w - Chi so tan sé. T .
o ) o ] ) . 1 | Khéilugng ghé ldiva ngudingdi| M, Kg 90
uCo n‘hleu phuong phap mlo phczng su‘ kICh‘thICh cla 2| Kniluong thanxe m Kg 850
mat dudng, nhu: Phuong phap bién doi Fourier ngugc, il banh - " ”
mo hinh chudi thai gian déu, loc nhiéu trang... Trong 3 o’| Lfgng banh xe trudc 2 9 20
nghién ctiu, nhém téac gid da st dung phucng phap loc 4 _|Khoilugng banh xe sau M; Kg 45
nhiéu trdng dé di xay dung. 5 |Hé s6 giam chan ghé léi G Ns/m 800
, 22) 6 | Heé so giam chan treo trudc G Ns/m 3.500
2mih,. Tq(no Jv-o(t)=w.a(t)+q(t) 7 | Hé s6 gidm chdn treo sau G Ns/m 4.000
Trong dé: v - Van toc xe; w(t) - Tin hiéu trong mién thoi 8 [P0 cling |0 xo ghé i ke N/m 9,000
gian cla nhiéu trdng Gaussian, Vi wo = 2MNgoV; Neo - Tan 9 D6 ciing Io xo treo trudc k, N/m 40.000
s6 I\(ho:g gian cat Cl,JaénaII dhLIdhng;]q(t) -dTm hiéu trong 10 |0 ciing o xo treo sau K N/m 50.000
ién thdi gi la cap do kich thi at duong.
mientholglan cda cap do Kic ,IC ma ng 11 | D0 cling banh xe phia trudic ke N/m 180.000
I24 Tac dong ctia dao dong dén cam nhan cia nguai 12 |96 cling banh xe phia sau ko N/m 180.000
ai ;
Mdmen quan tinh lac doc than )
Nhém tac gia phan tich, danh gia tac dong cla viéc 13 ‘e | Kg.m 950
thay déi gia tri gia téc hiéu dung c6 trong s6 dén cdm Knodng cich trtrong tam
nhan cla ngudi lai theo tiéu chuan ISO 2631-1 nhu thé 14 thin xe dén ghé’léi X m 05
hién trong bang 1.
j 9 ] 9 Khoang cach tlr trong tam clia
Bang 1. Mdi quan hé giita gia tri gia toc hiéu dung ¢d trong s6 va cdm nhan 15 than xe dén truc banh trudc L m 135
chd quan cia con nguei 16 Khodng cach tur trong tdm cla | 145
Gia tri gia toc hiéu dung c6 Cam nhan chii quan thén xe dén truc bénh sau : m '
n 2 > e
trong s6 (m/s’) cua con nguai Céc théng s6 mit dudng, chon mat dudng loai C theo
<0315 Thodi mai tiéu chuan 1SO 8608 nhu thé hién trong bang 3.
0,315~ 0,63 Hoi khdng thodi mai Bang 3. Tham s6 mat dudng loai C va diéu kién toc do dau vao
0,63 ~1,25 (6 phan khong thodi méi STT Théng s kj thuat Ky hiéu | Donvido | Gidtri
. A e - \ . 3
125~25 Rét khong thodi mai 1 | Tiéu chuan mat dudng loai C Gong m 256
25 . 2 |Tocdoxe v km/h | 30,50,70
> — ,
! Ao 3 |Tan s6 khdng gian tham chiéu N m’ 0,1
(Ngudn: 150 2631-1(10) 4 Tan s6 khong gian cit cla mat y 001
Cong thic xac dinh gia tri gia t6c hiéu dung cé trong duting flo m '

s& [11]:
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(Ngudn: 150 8608 [1])
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3.2. Két qua mé phéng

Két qua mo6 phong dao dong clia hé théng treo khi xe
di chuyén véi cac téc dé 30km/h, 50km/h va 70km/h dugc
thé hién trén hinh 3 + 11.

% Khi xe di chuyén véi téc d6 30km/h

002

i —
0015 f\ “ } L,
LY v\ ) ‘g‘\f\ i “ /
nnouw&(\/\ I i \‘ " f‘ H“‘ f\ M \ ‘W’A
£ I\ | Wi N
T L .
Baws \f v \f\/ | V W | “M\ﬁ/ q \mvj‘
< 001 LJ V\‘ N \f
0015 \M ) : i
: _
' ’ Tlm‘:{s) : : :

Hinh 3.4 thi kich ing cia mat dudng ngau nhién tai vi tri banh trudc (U-)
va banh sau (U,) véi toc d6 xe 30km/h

% \}n H‘H\ AR ”\HMIIHI\J ‘ [ i Jill. (i mLIML.H‘.‘“n‘[Lwdw.ln.d,l‘m L
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Time (s)

Hinh 4. Gia t6c hiéu dung ¢4 trong s6 tai diém dat treo trudc tac dung lén

than xe

1

08

| —— Gia toc higu dungtai diém dat treo sau

08
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I‘m‘u’ L

| |
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2
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Hinh 5. Gia t6c hiéu dung c6 trong s6 & diém dat treo sau tac dung lén

than xe
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2o AM TV | T LT |
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Hinh 6. Gia toc hiéu dung cd trong s6 tai vi tri trong tdm thén xe
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\

00 A

Hinh 7. Gia tdc hiéu dung c6 trong s6 géc lac doc ¢ tai vi tri trong tam
than xe

015

H MﬂhM I
LT
i

Hinh 8. Gia tdc hiéu dung ¢4 trong s6 tai vi tri ghé l3i
< Khi xe di chuyén véi téc dé 50km/h va 70km/h

‘ |
02

Hopni by

2 i ”‘ ‘

\ ‘ HM
A ‘ \J 1 |
i Mm il

0 § 1 15 2 % 0
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Hinh 9. Gia tdc hiéu dung c6 trong s6 tai vi tri trong tdm than xe khi xe
chay toc do 50km/h va 70km/h
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n | ‘y!‘. \' I ‘
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Hinh 10. Gia t6c hiéu dung cd trong s6 géc ldc doc ¢ tai vi tri trong tam
than xe khi xe chay t6c do 50km/h va 70km/h
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Hinh 11. Gia tdc hiéu dung c6 trong s tai vi tri ghé I khi xe chay toc do
50km/h va 70km/h
Cac gia tri c6 dugc khi mé phong hé théng nhu thé
hién trong bang 4.

Bang 4. Cac gia tri thu dugc khi md phong hé thong treo

o N Tai vi tri
Técdd | Thong sé co dugc —— -
s s, biém | Diem | Trong Ghé
xe khi md phong dit treo | dat t t“. i
(km/h) hé thing a reo at treo ?m ng”dl
trudc sau | thanxe lai
Giatochieudung 6 | o 10 | 01202 | 0,054 | 00364
trong s6 (m/s?)
30 |Giatdchiéu dung co
trong s6 gdc lac 0,26325
(rad/s?)
Giatochitudungcd | o 4e | 01701 | 00614 | 0,0391
trong s (m/s?)
50 | Giatdchiéu dung c
trong s6 goc lac 0,41851
(rad/s?)
Giatochitudungcd | a1 | 02071 | 00781 | 0,0477
trong s (m/s?)
70 | Gia tdc hiéu dung co
trong s6 goc lac 0,50401
(rad/s?)
3.3.Thao luan

- TU céc gia tri thu dugc trong bang 4 va so sanh véi
bang 1, c6 thé nhan thay réng khi xe di chuyén & céc téc
d6 30, 50 va 70km/h, gia téc hiéu dung c6 trong s6 tai cac
vi tri khao sat (diém ddt treo trudc va sau lén thdn xe, trong
tam than xe va ghé ldi) déu tang theo t6c d6. Pang chuy,
tai vi tri ghé& nguai lai, mac du gia toc hiéu dung tang 1én
cling vai téc d§, nhung muc dé thoadi mai ctia ngudi lai
van dugc duy tri. Véi diéu kién kich thich dao dong dau
vao la mat dudng loai C (mdic trung binh, khéng qud tét),
két qua nay cho thay hé théng treo c6 kha nang dap tat
dao dong hiéu qud, dam bao do ém diu trong qua trinh
van hanh.
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- Gia tri gia toc hiéu dung c6 trong sé tai vi tri ghé
ngudi lai cang cao thi ngudi lai sé dé bi mét mai va giam
kha nang tap trung. Két qua xac dinh dugc gia tri nam
trong ngudéng muc d6 1, muic d6 thoai mai theo ISO
2631-1.

- K&t qua nghién ctru c6 thé lam tai liéu tham khao dé
xac dinh dao déng tai cac vi tri gh& ngoi khac trén xe 6 t6.

4, KET LUAN VA KHUYEN NGHI

Qua trinh phan tich va khao sat m6 hinh hé thong treo
1/2 v6i 5 bac tyu do, trén mat dudng kich thich tu do trong
cac diéu kién tdc dé xe khac nhau, cac két qua thu dugc
tu mo phdng da phan anh ré rét anh hudng cia dao dong
dén cdm nhan clia ngudi lai.

Sau qua trinh mé phong c6 phan tich xét dén yéu t6é
con ngudi, théng qua cac dai lugng dac trung gia toc
hiéu dung c6 trong s tai vi tri ngudi lai, va cac diém dao
dong cua than xe, két qua cho thay muc d6 rung déng
c6 anh hudng ré rét dén cam giac thoai mai va an toan
clia nguai lai.

DPé cai thién chat lugng van hanh cta ngudi lai can
giam dao dong cho co hé trong cac diéu kién hoat dong
cla xe.
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