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TOM TAT

Bai béo trinh bay két qua khao sat dao dong 6 t6 khi chuyén dong trén mat duong
khong bing phang thong qua mo6 hinh dao dong ’2 trong mat phang ngang (YOZ) voi 5
bac tu do, bao gdm chuyén vi dung, chuyén vi ngang, goc lic ngang, va chuyén vi doc 1ap
ctia hai banh xe. Hé phuong trinh vi phan chuyén dong dugc thiét 1ap dua trén phuong
phap ning luong, xét ddy du dong ning, thé ning, ham hao tan va anh hudng cua kich
dong mat duong. M6 phdng dugce thyc hién trén phén mém Matlab-Simulink, st dung
bién dang mat dudng loai B va loai D theo tiéu chuan ISO 8608:2016. Két qua mo phong
duoc st dung dé danh gia bién do va sy xuit hién dao dong cua than xe, goc lic ngang
khi xe di chuyén & van toc 40km/h trong diéu kién bat d6i xtng kich dong tir mit dudng.

Tiwrkhoa: Hé théng treo ddc l1ap 2 don ngang, dao dong, on dinh, bién dang mat duong.
ABSTRACThalf-car model
This paper presented the results of a vibrat:lrf' analysis of a car body traveling on

uneven road surfaces, based on a in the lateral (YOZ) plane with five
degrees of freedom, including vertical displacement, lateral displacement, roll angle
(rotation about the longitudinal axis), and independent vertical motions of the left and
right wheels. The system's equations of motion are derived using the energy method-type
formulation, incorporating kinetic energy, potential energy, dissipation functions, and
road-induced excitations. Numerical simulations were performed in MATLAB-Simulink
using road surface profiles classified as Class B and Class D in accordance with 1SO
8608:2016. The simulation results are used to evaluate the onset and magnitude of
body oscillations and roll angle when the vehicle operates at a speed of 40 km/h under
asymmetric road excitation conditions.

Keywords: Independent double-wishbone suspension system, vibration, stability,
road surface profiles.

1. GIOI THIEU nghién ctru quan trong nham cai thién chat
Nang cao do ém diu va 6n dinh chuyén luong van hanh va sy thoai mai cho nguoi

dong 0 t6 la mot trong nhitng muc ti€u su dung. Bai bao tap trung nghién ctru anh
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huong ciia bd phan dan hoi trong hé thong
treo dén do ém dju va 6n dinh chuyén dong
cia 6 t6 bang phuong phap ning luong.
Pbi twong khao sat 1a mo hinh dao dong
Y4 6 to trong mdt phang ngang st dung hé
thong treo doc 1ap 2 don ngang (double
wishbone) dudi kich dong cua bién dang
mat duong theo tiéu chuan ISO 8608:2016.

Nhiing cong trinh nghién cuou da su
dung cdc md hinh dong lyc hoc phd bién
nhu md hinh 2, mdé hinh khong gian
ddng thoi st dung phuong phap tach ciu
trac hé nhiéu vat (MBS) va phuong trinh
Newton-Euler ¢ mé phong dao dong 6
t6. Nguyén Tuén Anh [1] 4p dung phuong
trinh Newton-Euler nghién ctru sy 6n dinh
ctia 6 t0 khi chuyén lan dua trén mot mo
hinh dong luc hoc phirc hop. Nguyén
Thanh Tung [2] da nghién ctu anh hu:orng
cta chit luong duong va van téc chuyén
dong dén dao dong va 6n dinh cia 6 to
bang md hinh khong gian va phuong trinh
Newton-Euler. Vii Hai Quan [3] da nghién
ctu viéc tng dung thuat toan diéu khién
LQR dé diéu khién hé thong treo chu dong
v6i mod hinh dao dong phang doc cho mé
hinh toan xe. Hoang Manh Cuong [4] su
dung mo hinh dong luc hoc %2 va phuong
trinh Newton-Euler dé nghién ctru thanh
phan can nhot cap phan s6 dén dao dong
6 t0. Pong thoi Nguyén Vian Thuan [5] da
tmh toan bién thién cua tan s6 dao dong
ngau nhién ctia md hinh dao dong 6 t6 Y
khi xét d&én cac tham sb ngau nhién ciia hé
bang phuong trinh Lagrange II.

Tir cac nghién ctru trude cho thay, mo
hinh dao dong 6 t6 thuong dugc xay dung
trong mat phéng doc, mo hinh dong luc hoc
phtc hop, sir dung phuong phép tach cu
trac hé nhiéu vat (MBS) va phuong phap
Newton—Euler. Tuy nhién, chua c6 nhiéu
nghién ctru danh gid anh hudng cia bd
phan dan hdi dén dao dong trén mé hinh
Y4 6 to trong miat phang ngang ddi voi hé
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thong treo doc lap 2 don ngang (double
wishbone). Bai bdo khao sat mé hinh dao
dong % 6 t6 trong mit phang ngang (YOZ),
sir dung phuong phép ning lugng dé xay
dung h¢ phuong trinh vi phan dong luc hoc.
Mit dudng duge mo phong theo chuan ISO
8608:2016, danh gia anh hudng bién dang
mit dudng va do cimg bo phan dan hdi dén
d6 ém dju va 6n dinh chuyén dong 6 to.

Céc ti€u chi danh gid dao dong va do
ém dju chuyén dong theo tiéu chuan ISO
2631-5:2018, trong do gia toc gidi han theo
phuong ngang a <0,7 m/s?, gia toc gioi
han theo phuong thang dung a <2,5m/s’
va gi4 tri hiéu dung cua gia tdc than xe theo
phuong thang dimg RMS (%) (m/s?) theo
Bang 1 [6].

Bang 1. Gia tri binh phuwong trung
binh cua gia toc thang dirng

RMS (%) Cam giac
<0,1 D& chiu
<0,315 Khong kho chiu
0,315 0,63 Hoi kho chiu
0,5-1,0 Kha kho6 chiu
0,8—1,6 Khoé chiu
1,25-2,5 Rét kho chiu
>2 Cuc ky kho chiu
2. NQI DUNG

2.1 M6 hinh héa h¢ théng treo

Pé danh gia mic d6 anh huong cua
diéu kién mat duong va do cung cua bd
phan dan hoi dén dao dong va 6n dinh ctia 6
td, bai bao xay dung moé hinh dao dong 4 6
t6 trong mat phang ngang (YOZ) véi 5 bac
twdo g, =z9, =39, =6:9, =839, = &,.
M6 phong cho 6 t6 du lich st dung hé thong
treo doc 1ap 2 don ngang (double-wisbone)
b tri phan tir dan hoi va giam chén léch
goc (B) so v6i phuong thing ding.
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Hinh 1. Mé hinh dao déng ¥: é té6 trong mdt phdng ngang

2.2 Phwong trinh dgng luc hoc loai II dé thiét 1ap hé phwong trinh vi phan
cua co hé xét day du dong nang, thé nang,

Bai bao nay stir dung phuong phap nan
Y Higp £ pap & ham hao tan nhu sau:

luong thong qua phuong trinh Lagrange

1 . | 1 5 1 . 1.
‘T:En’lz2 +5my2 +EmA1§12+5mA2§22 +5Jx82

1= %afcﬂz sin’B +a/c,6” sincosP + %afclez cos’ B —a,c,0& sincosP
—a,c,0&,cos” B+ a,c,@ysin® B+ a,c,@ysinPcosP + a,c,fzsinPcosP
+a,c,0zcos’ B + %a§c292 sin’B +a;c,0” sinBcosP + %azzczé’2 cos’ B
+a,c,0&, sinBcosB + a,c,0F, cos’ B — a,c,@ysin’ B —a,c,fysinBcosp

. 1 1 1
—a,c,0zsinBcosP — a,c,0zcos’ B+ Ec,‘llfqz —c, hE + 501‘1512 + Ec,‘zhz2

1 1 .
&, + Ecmfzz + 501612 cos’B—c,&ysinBcosf —¢&zcos’ B

1 . . 1 1 .
+Ec1y2 sin’B + ¢, yzsinBcosp + Eclz2 cos’ B+ 502522 cos’ B —c, &, ysinBcosP

(1)

—c,&,zc08” B+ %czy2 sin’B +c,yzsinB cosB + %czz2 cos’B

D= %afkﬂz sin® B + a’k,0% sinfcosp +L 54 k0% cos’ P - a,k,0F, sinpcosp
-a,k,0& cos’ P+ alk Oy sin® B+ a,k,0ysin BcosB + alk OzsinBcosp

+a,k 0z cos B+ — azk 0% sin® B + aZk,6” sinpcosP + — azk 6° cos’B
+a,k,0&, sin cosB + a,k,08, cos® B - a,k,0ysin* B - a2k26’y sinfcosf
-a,k,0zsin B cosp - a,k,0zcos” B + %klff cos’B - k& ysinpcosP

-k, & zcos? P+ %kljf sin’ B+ k, yzsinBcosf + %klz‘2 cos’ P + %szzz cos’B

-k,&,ysinBcosP - k,&,z cos” B + %kzjzz sin’ B + k,yzsinBcosp + %kzz'2 cos’P
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Céc luc suy rong tuong 1’r¥1g [M1§+[K1g+[Clg =0 3)
Q:[O 0 Cy71+Cy72 culy CL2h2]'

: - Ma tran khéi luong: [M
Dao ham cac biéu thic T,IT,® va thay a tran khot lugng: [M]

vao phuong trinh Lagrange II du¢i dang 'm0 0 0 0 |
tong quat [7]: 0 m O 0 0
d(oT) oT oIl od [M]=]0 O J 0O 0| (4
) TLALD o @
dt\0q, ) 0q, 0q, 04, 0 0 0 m, O
H¢ phuong trinh vi phan mé ta dao 00 00 m
dong cua co h¢ co6 dang ma tran nhu sau: - Ma tran d6 ctg: [C]
i Cos 1
Cre)Cosp ey SR o e Cos'p
—c,a, CosPu,
i
(G +c)u (¢, +¢,)Sin’B o m.B " —Gl -G,
[C]= —C,a, SinPu, (5)
(c,a, —,a,)CosP  (c,a,—c,a,)SinB  caiu, +c,a;u, —ca,Cosp  c,a,Cosp
—c,Cos’ B —cu, cau,Cosp (¢ +¢y) 0
—c, Cos’ B —cl, c,a,u, Cosp 0 (¢, +¢p,) |
- Ma tran giam chén: [K]
| ka,(Cos*B+u ]
(k, +k,)Cosp (k, + k), a(Cospru) —k Cos’p  —k,Cos’p
+kya,(Cos’ B -u,)
(h +k,) Gesicp  A@ISTB K
+k,)u +k,)Sin —ku —kyu
[K]= 1T Ry )ty 1T Ky (o —Sin’B) it 2t (6)
(kau, +k,au)Cosp  (kau, +kau)SinB  ka'u,’ +kaw’ ~kau,Cosp ~k,au,Cosp
—k,Cos’p ~ku, ~ka, Cospu, k, Cos’p 0
~k, Cos’ ~kju, ~k,a, Cospu, 0 k,Cos’p |
V6iu, = SinBCosp; u, = CosP + Sinf; u, = Cosp - Sinf
- Cac vector gia tde, chuyén vi va ngoai lyc tac dung:
[ 5] [ 2] [z ] i 0 ]
b ¥ y 0
?l é.:l é:l cLlhl
_§2J _52_ _52_ L CLZhZ
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Bdng 2. Théng sé sir dung dé khao sat

Ky hi¢u Tén goi Gia tri | Don vi
m | Khoi lugng ¥ than xe 1300 kg
m, | Khéi lugng banh xe trai 10 kg
m,, | Khéi luong banh xe phai 10 kg
k, Hé sb giam chén hé thdng treo trai 2500 | Ns/m
k,  |Hé sb giam chan hé thong treo phai 2500 | Ns/m
C, Do cung 16p xe trai 145000 | N/m
C, D¢ cing 16p xe phai 145000 | N/m
¢, | Do cling bd phan dan hoi hé thong treo trai 13000 | N/m
¢, | Do cling b phan dan hoi hé thong treo phai | 13000 | N/m
Y 1 < A
J Moment quan Elnh A/z khoi lugng than xe 770.5 ke.m?
x quanh truc Ox cua than xe
p Khoang cach tir toa do trong tam C dén tim 0.97 m
1 banh xe trai ’
p Khoang cach tir toa do trong tam C dén tam 0.97 m
2 banh xe phai ’
B Goc léch cua phan tir ¢an hoi va giam chan so A
e 2 , 25 DQ
vo1 phuong thang dung
C, Do cung goc cua lop 25000 | N/rad
L, Tam quay ttrc thoi 0.92 m
2.3 Két qua khao sat L A~ | | - Chyénw a
Y Chuyén i b

Nghién ctu nay duoc thuc hién khi € go1 | = —
thay doi gia tri d0 cing bo phan dan hoi 3 \/\ /’\ /\
C= [13000, 26000, 50000] (N/m). Cho 6 = © VAR
6 di chuyén véi van téc 40 km/h, binh xe = \ [J
bén trai va bén phai lan luot chiu kich dong .5 " \ /r
dusi bién dang miit duong loai B (banh xe 2 402 A\
bén trai) va loai D (banh xe bén phai) theo v/
tiéu chuan ISO 8608:2016. M6 phong dugc 003 : p . . . .

thue hién trén MATLAB-Simulink. Time (s)
N
h(x) = Z\/An 210° (%} cos(2ziAnx +¢,) (8)
i=0 iAn

Hinh 3. Chuyén vi thdn xe z

Giatoca

- — — —Giatdch
0.4 Nﬂ 1
E
E 02 Yos s
| i
§ o = o k,rm1 Wil |.JP|
3 T
5 -02 b 1
-04
0 50 100 150 200 250 300 350 0 0.5 1 1.5 2 2.5 3
Chiéu dai x (m) Time (s)
Hinh 2. Bién dang mdt dudng theo tiéu chudn ISO 8608:2016 [8] Hinh 4. Gia téc thdng diing thdn xe
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Két qua khao sat Hinh 3. va Hinh 4. thé
hién két qua so sanh gia tri chuyén vi z,__va
gia toc thing dimg ctia than xe 7 trén duong
loai B (banh xe bén tréi) va loai D (banh xe bén
phai) ¢ tbc d6 40 km/h, khi sir dung phuong
trinh Newton-Eule [2], [7], [9] (chuyén vi
a, gia tbc a) va phuong trinh Lagrange II
(chuyén vi b, gia tc b) dé thiét 1ap hé phuong
trinh vi phan dong lyc hoc md phong dao
dong 6 to. Két qua khao sat cho thay, gia tri
chuyen vi than xe dat cuc dai z, , =0,0145m

Zy ma —0,0175 m (nho hon 0,003 m) chénh
lech khoang 20,6%. Gia tri gia toc than xe
dat cuc dai z, =12 m/s* < Z, =13 m/s’
(nhé hon 0,1 m/s?) chénh léch khoang 8,3%.
Gia tri binh phuong trung binh gia téc than
xe RMS(Z,)=0,21 m/s*< RMS(z,)=0,25 m/
s’ (nho hon 0,04 m/s?) chénh Iéch khodng
19,1%. Cac gia tri gia toc dat cuc dai 7, <
2,5 m/s*va gia tri binh phuong trung binh gia
téc thing dimg than xe RMS(%) < 0,315 m/s?
khi str dung 2 phuong phap trén déu dap tng
theo tiéu chuan ISO 2631-5:2018. Tuy nhién
két qua khao sat bang phuong phap Lagrange
11 cho két qua nho hon.

ﬁ \
0.01 HF—7 £y
\\- ,‘f‘k\a - yf\"
\ 3; M"‘:‘ ; 1\\ LA A
N P A\
VN, Y] “{3 D\\
-0.01 {u’

0 1 2 3 4 5 3]
Time (s)

0.02

=

Chuyén vi z (m)

Hinh 5. Chuyén vj diing thén xe z

Gia téc thdng dirng (m/s)

o] 0.5 1 1.5 2 2.5 3
Time (s)

Hinh 6. Gia téc thdng dirng than xe
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Két qua khao sat Hinh 5. va Hinh 6.
thé hién chuyén vi Z. Va gia téc thiang
dung than xe Z, trén duong loai B (banh
xe bén trai) va loai D (banh xe bén phai)
& toc do 40 km/h. Két qua khao sat cho
thy khi thay d6i thong s d6 cimg bd phan
dan hoi C=[13000, 26000, 50000] (N/m),
chuyén vi than xe dat cyc dai z,,, =0,03 m,
v6i thong s6 C=13000 (N/m) gia tc than
xe dat cuc dai Z =1,45 m/s* < 2,5 m/s?,
gi tri binh phuong trung binh gia toc thang
ding than xe RMS(2)=0,16 < 0,315 m/s?,
v6i thong s6 C=26000 (N/m) gia toc thing
dung than xe dat cuc dai Z_ =1,7 m/s? <
2,5 m/s?, gia tri binh phuong trung binh
gia toc than xe RMS()=0,19 < 0,315 m/
s?, v6i thong s6 C=50000 (N/m) gia tdc
than xe cuc dai Z_ =1,9 m/s* < 2,5 m/s?,
gia tri binh phuong trung binh gia toc than
xe thang dimg RMS()=0,26 < 0,315 m/s2.

<107
C=13000
r — - —-—C=28000
,..,10 ”‘\ — — —C=50000
é 5 :‘!“ I A -
-SI ‘.\' ff\ - ;’fw}.
$ofl Vb _al I 7 N
5 \ f\:'\\ L) 1‘ [y {,‘.
= AV a:j' | A b‘,\‘: |
5 7

3
Time (s)

Hinh 7. Chuyén vingang than xe y

—

=
n

[=]

Gia téc phwrong ngang (mis?)

o
(4]

0.5 1 15 2 25 3
Time (s)

=

Hinh 8. Gia téc ngang thén xe
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Két qua khao sat Hinh 7. va Hinh 8.
thé hién chuyén vi than xe theo phuong
ngang y_ va gia tbc ngang than xe j__
trén duong loai B (banh xe bén trai) va loai
D (banh xe bén phai) ¢ téc do 40 km/h. Két
qua khao sat cho thay, khi thay d6i thong
s d6 cimg bd phan dan hdi C= [13000,
26000, 50000] (N/m), chuyén vi ngang

0.015

C=13000
PO N i C=26000
5 0.01 i — — —C=50m
g i A
= 0.005 gt T
I ' \
> I b \
a 0 . :\ yjr} \ !Hﬂh?" v rf‘\/ ¢
g \ f“- U vy “‘/ \
T 0005 11 ’ T ,H
8 W :
w .
-0.01 ‘l\'f
-0.015
0 1 2 3 4 5 ]

Time (s)
Hinh 9. Géc ldc ngang 6

Két qua khao sat Hinh 9. va Hinh 10.
thé hién goc lic ngang 6. vagia tc lic
ngang than xe 6__ . Két qua khao sat cho
thiy, khi thay d6i thong s6 d6 clg bd phan
dan hdi voi C= 13000 (N/m) goc lic ngang
dat cuc dai 0 =0,006 (rad), voi C= 26000
(N/m) gbc lac ngang dat cuc dai QWZO,OOS
(rad), véi C= 50000 (N/m) goc lac ngang
dat cuc dai 6 =0,012 (rad) va on dinh &
muc khoang 0,005 (rad).

3. KET LUAN

Két qua nghién ciru khao sat dao dong
6 to bang phuong phap Lagrange II khi 6
t6 chuyén dong ¢ van tdc 40 km/h dudi
didu kién mat duong bat ddi ximg loai B

ISSN 2681 5-9945

than xe cyc dai YV, =0,012 m, véi thong sb
C=13000 (N/m) gia tbc ngang than xe cuc
dai j_ =0,5 m/s? < 0,7 m/s%, voi thong sb
C=26000 (N/m) gia tbc ngang than xe cuc
dai j_, =0,8 m/s2> 0,7 m/s%, véi thong sb
C=50000 (N/m) gia téc ngang thin xe cuc
dai y_ . =0,95 m/s*> 0,7 m/s?.

1.5

—_

ot
(== ]

S
o

'Gia toc lac ngang [rad!sz}

-
(4]

i
o]

(=)

0.s 1 1.5 2 25 3
Time (s}

Hinh 10. Gia téc Idc ngang

(banh xe bén trai) va D (banh xe bén phai),
su dung cac gia tri d§ cing by phin dan
hdi C=[13000,26000,50000] N/m. Cac gia
tri gia toc thang ding than xe cyc dai 7
=1,9 m/s* < 2,5 m/s*va gia tri binh phuong
trung binh gia toc thang dung than xe cuc
dai RMS(%)=0,26 < 0,315 m/s* ndm trong
gi6i han cho phép va van dam bao do ém
diu va 6n dinh chuyén dong, tuy nhién gia
tdc ngang cuc dai Vo =0,95 m/s? > 0,7 m/
s%, vuot ngudng gioi han theo tiéu chuin
ISO 2631-5:2018. Két qua nghién ctu la
co so dé xem xét b tri phan tir dan hoi
gitp giam dao dong, taing do ém diu, gop
phan nang cao tudi tho chi tiét va ting do
an toan khi van hanh.
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