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Abstract: This article focuses on researching and investigating the influence
of speed bump size on wheel vibration and total dynamic load on the road
surface. The full oscillation model of a 4-axle truck vehicle is established using
the multi-body system method analysis. The rear axle suspension system is
described using the motions of a rigid beam. The model is simulated using
MATLAB-Simulink software to evaluate the vibration of a 4-axle truck vehicle
at 40km/h with varying bump heights and lengths. The results clearly show that
increasing bump height or decreasing bump length both increase vibration and
total dynamic load on the axles, potentially causing loss of stability and
compromising safety. These findings can serve as a basis for designing active
control systems to increase comfort and reduce the impact of dynamic loads
on the road surface. Additionally, they can inform the selection of appropriate
speed bump sizes.
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Tom tat: Bai bao nay tap trung nghién clru va khao sat anh hwéng cda kich
thudc go giam tdc dén dao dong va tai trong toan bd trén cac banh xe tac dong
lén mat dwéng. Mé hinh dao déng khéng gian cla xe tai 4 cau dwoc thiét lap
theo phwong phap hé nhiéu vat. Hé théng treo cau sau c6 mé ta chuyén déng
cla cac thanh treo can bang. Mé hinh dwoc mé phdng bang phan mém
MATLAB-Simulink. Khdo sat & van téc 40km/h vé&i cac chiéu cao map mé va
chiéu dai map mé thay ddi. Két qua cho thay sy anh hwéng rd rang khi tang
chiéu cao map mé hodc giam chiéu dai map mé déu lam lam tang dao déng
va tai trong toan b trén cac cau xe va kha nang tach banh xe khai mét duong.
Diéu nay c6 thé gay nén sw méat dn dinh va an toan chuyén déng. Két qua cla
bai bao cé thé lam co s& dé thiét ké cac hé thdng diéu khién tich cwce téng tinh
ém diu, gidm tai trong tac dong lén mat dwdng. Ngoai ra, c6 thé lam co s& dé
lwa chon kich thuwéc g&r gidm tbc phu hop.

Tw khéa: M6 hinh dao dong khéng gian, xe tai 4 ciu, hé nhiéu vat, g& giam
tdc, md phéng.

1. Giéi thiéu

Khi 6 t6 chuyén dong, dwdi tac dong cla cac
yéu t6: ngoai canh (mat dwong, gid), diéu khién
clia ngwdi lai (phanh, quay vong), két ciu xe... lam
cho xe dao déng gay &nh huédng xau dén nguoi,

hang hoa trén xe.

Déi voi xe tai nhidu ciu véi két cAu cac cau
lién két thi dao dong la phire tap hon. Sy dao dong
ctia xe nhiéu cau phu thudc vao mot sb yéu té nhu:
(1) Két chu cta xe (két ciu hé théng treo, khung vo
xe...), (2) Diéu khién cltia nguoi lai (kj nang diéu
khién danh lai, tbc dd xe khi quay vong, phanh...),
(3) can khi dong, (4) Map mé mat dwong... [1,2,3].

Trong cac yéu té trén, ngudn kich thich t
mat dwong khoéng bang phang (map md mét

dwéng) 1a nguyén nhan chi yéu gay ra dao déng,
c6 anh hwdng dén nhiéu tinh nang khai thac, dac
biét &nh hwéng dén tinh ém diu, an toan chuyén
dong cta 6 t6. Mot sd nghién clru cho thay khi
nguwdi ngdi trén xe phai chiu dwng lau trong tinh
trang xe chay rung xoc nhiéu sé sinh mét mai, tham
tri mac cac bénh vé than kinh va nao [4,5,6,7].
Cac map md méat dwong tac dong 1én banh
xe sinh ra lyc thdng drng, dao dong thang ding,
dao déng doc va ngang [8]. Map mé mét dwong lai
c6 nhiéu dang tr map mé cé hinh dang cu thé
(Sine, Cosine, Ramp....) dén map mé ngau nhién
[9, 10]. Dbi v&i map mé cosin day la dang map mo
don, dwoc st dung nhiéu trong nghién ciru md
phéng dao déng khi md ta xe di qua cac go giam
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tbc... Khi xe di qua cac g& gidm tbc tao nén cac tai
trong dong tai cac banh xe va dao dong cua than
xe [11,12]. Gia tbc ctia than xe anh hwéng truc tiép
dén ngwdi va hang héa trén xe, né tac ddong ngau
nhién véi dai tAn s rong va phirc tap theo ca
hwéng tac dung. Tai trong dong tac dong dén két
cAu va dong lwc hoc clia xe 6 t6. Ngoai ra, tai trong
dong phu thudc vao luc tac dong thang ding tire
tai trong toan bo trén tirng banh xe xubéng mat
dwdng nén coé thé lam hw héng dwéng [13,14,15,
16].

Bai bao nay tap trung nghién ctru danh gia
anh hwéng cla kich thwdc go gidm tbc dén dao
doéng cua xe tai 4 cau. Phan 1 c6 gidi thiéu vé dao
déng cla xe tai va cac yéu td anh hwéng. Phan 2
trinh bay mé hinh dao déng cua xe tai nhiéu cau
duwoc thiét lap theo phwong phap hé nhiéu vat.
Phan tiép theo la két quéd mé phdng va danh gia.
Cudi cuing 13 két luan va nhirng hwéng nghién ciru
tiép theo.

2. Xay dwng mé hinh dao ddéng
2.1. Mét sé gia thiét va quy wéc

Déi twong nghién cvu 1a xe tai 4 ciu, trong
doé 2 cau truwdc la hé thdng treo phu thudc, 2 cau
sau la dang hé théng treo can bang. M6 hinh dwoc

MaiZa1 = (Fen + Feriz) = (Fors + Forg + Firr + Fira)
MaZn, = (Foror +Foion) = (Fopr + Feap +Feoy + Feaz)

MasZas = (Ferar + Feran) - (Fowar + Foxa)
JaxaPas = (Ferar = Ferso )Ps + (Fekaz = Fekar)Ws + My
MaaZps = (Forar + Foraa) - (Fokar + Fokaa)

JAx4B4 = (FCL41 - FCL42 )b4 + (FCK42 - FCK41 )W4 + MT4

. a
JAyL(Pl_ = (Fexar - FCK31)§

.. a
JAyR(PR = (Foxaz = Foxaz )E

Jx1B1 = W1(FC11 + FK11 - Fc12 - FK12 ) + Wz(Fcz1 + FK21 - Fczz - FK22 ) - MT1_ MT2 -M

szﬁz = Wy (Feasr + Fiaar = Fesaz = Feasn) — Mz =My, + M,
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xay dung véi mot sb gia thiét va quy wéc nhuw sau:

- CAu truc xe tai ddi x(rng qua mat phéng doc
cua than xe;

- Banh xe dwoc xem la dan hdi;

- Hé quy chiéu cla than xe Cxyz dwoc dét tai
trong tam cla than xe; Hé quy chiéu cac ciu xe
Aixaiyaizai dwoc dét tai tAm cla cau xe.

- Than xe c6 khéi lwong dwoc treo m va mo
men quan tinh khdi lwong theo céac truc la Jx, Jy, Jz;

- Khung xe ctrng theo chiéu udn va mém theo
chiéu xoédn dwoc mé ta véi cac goc lac ngang cua
khéi lwong dwoc treo trwdc va sau (B1, B2) dai dién
b&i cac md men quan tinh Jx1, Jxz va dd clrng xoan
khung Ckx;

- Cac ciu xe co khdi lwong la ma;, (i=1+4)
duwoc lién két véi than xe théng qua hé théng treo
gdm phan tlr dan hdi cé d6 cirng C;j va phan tr
gidm chan co6 hé sb can K; (j=1: banh xe bén trai;
j=2, banh xe bén phai), cac thanh én dinh c6 do
ctrng Cri.

2.2. Hé phwong trinh vi phan mé ta chuyén
dong

M6 hinh dao doéng khéng gian clia xe tai 4
cau duoc thiét 1ap theo phwong phap hé nhiéu vat
dwgc mo ta béi hé phwong trinh nhw sau:

mz= FC11 +FC12 +FK1 1 +FK12 +FC21 +FC22 +FK21 +FK22 + I:034‘I +FCS42 +FK341 +FK342

.. a
Jy® = —l(Feqs + Feqs + Forp + Feip) = (Fepy + Feay + Fegp +Fiep ) + (1 + E)(chm +Faar + Foaso +Foarz)

kx

JAX1BA1 = (Fer11 = Feria )Py + (Fega + Fira = Feyy = Fea )Wy + My,

JAXZBAZ = (FCL21 - FCL22 )bz + (Fczz + FK22 - Fcz1 - FK21 )Wz + MTz
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2bi

Hinh 1. M hinh dao déng cua xe tai 4 cau

Trong hé phwong trinh (1): phwong trinh (1)
dén (4) md ta dao ddng clia than xe véi cac chuyén
dong: thang ding z, géc lac doc @, géc lac ngang
trwdc va sau B1 va B2. Phuwong trinh (5) dén (12)
mo ta dao dong thang dirng zai va goéc lac ngang
Bai clia cau xe. Phuwong trinh (13) (14) mé ta goc
l&c doc @L, @r cla thanh cing tuyét dbi Lilo va
R1R2 quanh cac tdm quay L va R. [17]

2.3. Xac dinh cac lwc lién két

Lwe dan héi va lwc can gidm chan cta cau 1,

cau 2 dwoc xac dinh theo céng thirc nhw sau:

n H 41
Cw(ZAij - ZSij + fdij) khi fdij < ZAij - ZSij

FCij = Cij(ZAij - ZSij) khi f(;ij < ZAij - ZSij < fc?ij (2)
_Coo(ZAij - ZSij + f;ij) khi ZAij - ZSij < fgij

FKij = Kij(zAij - zSij)

FC341 = C341 (ZA341 - 2341)
FK341 = K341 (ZA341 - 2341)
FC342 = C342 (ZA342 - 2342)

Fraso =Koy (ZA342 - 2342)
1

1 Ja @
FCK41 = EF0341 + EFKSM % (3)
1 1 Ja @
FCK31 = EFC341 + EFK341 - AyeLl -
1 1 Jar®
FCK42 = EFC342 + FK342 Ay: .
1 1 JarPr

FCK32 = E ch42 + E FK342 - a

Trong d06: zj la cac dich chuyén cla cac diém
trén hé théng treo dwoc tinh tlr quan hé hinh hoc
Vv&iz, @, B1, B2. Zaijla cac dich chuyén ctia cac diém
dwdi hé thdng treo tinh tlr quan hé hinh hoc v&i za,
Bai. Cac md men thanh 6n dinh Mri dwoc déc trung
b&i dd cirng xodn thanh én dinh Cri va géc léch
twong déi gitra khdi lwong duoc treo trwdc B1, sau
B2 va cac cau xe Bai. M6 men xodn khung Mk dwoc
d&c trung bdi d6 cirng xoén Cix va goc léch twong
déi gitra khéi lwong dwoc treo trwéc B1 va sau B2
[10].

3. M6 ta map mé cosine

Map md cosin la map mé don, thwdng gap
trong thwc t& nhw g& gidm téc hodc cac chuéng
ngai vat trén dwdng. Trong bai bao nay, go giam
tbc dwoc md phéng theo hinh dang méap mé cosin
dwgc mo ta nhw cong thire (4) va Hinh 2. [18, 19]

lhmax 1-cos| 212>
h(x)=<2 L

j] khio<x<L_.

,khix<0; x =L,

(4)

mm

Hinh 2. M4p mé cosin
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4. M6 phéng va danh gia két qua khao sat doéng cla than xe, lwc tac dung 1én cau xe thay ddi
4.1. M6 phéng theo thoi gian, chiéu dai va dd cao cla cac méap

S& dung phan mém Matlab Simulink d& xay =~ mé mat dwong. Hinh 3 1& mé hinh md phdng cla
dwng chuwong trinh md phéng va khdo sat dao  xe 4 cau.

I |
NGRSO S G 2~ S
| : H i H |
| ) THANKE
| B & § § ¢ 1 & 3 4 § F § 8 @ 4§ :
LB 8 @@ 8888680866608 d ____ 2
| of 4e_pk 4o of 1 |
et g = ol G
| H’.1I@g m@; [y )+ |
| B ™ B wlg® ol g = '
(2) | o e - () B M‘G—.@ |
- .ﬂ?—-@ w—-@ B :: — = |
: = rw[‘@mm [oo ““L@.E 1 "‘ﬂ? I;'EI |
| Miveat il [ = c |
| L@ Br =4 B W |

G-t

N

Hinh 3. Chwong trinh mé phédng dao dong cla xe tai 4 cau.
(1): Khéi than xe; (2): Khéi hé thdng treo trén cac cu; (3): Khdi ciu xe; (4): Khéi banh xe va mét dwong
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Bang 1. Thong sb di¥ liéu cla xe tai 4 cau [20]:

STT Théng s6 (ky hiéu) Gia tri (don vi)
1 Khéi lwgng than xe (m) 34300 (kg)
2 Khdilwong cau xe 1,2,3,4 (ma) 715; 715; 1235; 1235 (kg)
Mé an tinh theo t Ga khoi |
o} men, qua‘m inh theo truc Cx cta khoi lwvong 6739.2: 11041.9 (kgm?)
treo truvdc va sau (Jx)
M6 men quan tinh ctia khdi lwgng than xe theo
272767.3 (kgm?
truc Cy (Jy) (kgm’)
MA P t, h > A ’ ~ t s h,.
5 0 men quan tinh cua dam cirng bén trai/phai 800/800 (kgm?)
(JAyL/JAyR)
6 Do cng HTT 2 bén clia cac truc 1,2 (Cqj; Cy) 250000; 250000 (N/m)
7 DO clng HTT 2 bén clia dam cau can bang (Cay) 1400000 (N/m)
8 Hé sO can giam chan cua HTT 2 bén cac truc 1,2 15000: 15000 (Ns/m)
(Kyj; Kz)
HAé sé‘vcén giam chén cta HTT 2 bén dam cau 30000 (Ns/m)
can bang (K34j; K34j)
10  Hé sbé xoan cla khung xe (Ci) 5000000 (Nm/rad)
. . 2 28648;28648; *1 i; *1 [
11 Hé s0 xoan cua thanh 6n dinh céac truc (Crj) 8648,28648;3000"180/pi;3000™180/pi
(Nm/rad)
12 Do clrng doc cua 16p hai bén cac cau (Cuj; i=1+4;  980000;980000;980000;980000; 1960000;
j=1+2) 1960000; 1960000;1960000 (N/m)
13 :Er;ii?g cach tr trong tdm xe dén cac cau (l; 4.505: 2.805: 1.235: 2.535 (m)
14  Chiéu dai 2 dam cirng can bang cau 3,4 (a) 1.30 (m)
Kh > e h N e h X PN > e
15 (b._"if':? 4°)a° tir banh xe dén cau cla cac trye 2.040/2; 2.040/2; 1.85/2; 1.85/2 (m)
16 :if;iir;g cach tr HTT dén cau cua cac truc (w;; 0.6: 0.6: 0.5: 0.5 (m)
. - C . . 31882.5; 31882.5; 31882.5; 31882.5; 61803;
17  Tai trong tinh tai cac banh xe (Fyij; i=1+4; j=1+2) 61803: 61803; 61803 (N)
18 M6 men quan tinh clia cac cau (Jax; i=1+4) 335; 335; 305; 305 (kgm?)
0.1 0.T% N 1 h . ~00Im 6
h ) =0.02m
0.08 hmi“f(].{}lm
0.08 1" 006 X | n::::—ﬂxmf 4
% e [
0.06—-1-+-1 - [i—h,,=007m § &2 7
= 0.02 \—h_ =008m: x2
é v LN hm‘|\=0.0‘lm é
-é:' 0.04 - "TTI0l 102 103 104 105 I— " 0im || N0
0.02 20
4 !
0 . 2 4 6 8 10
0 2 4 i(s) 6 8 10 (s)
(a) (b)
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“h =00Im
-

h  =0.02m
max
h  =0.03m
max
—h__=0.04m
max
——h__=0.05m:
‘max
h  =0.06m
‘max
——h_=0.07m
max
——h__=0.08m:
max

/ b, =009m

L0 w4 106 18 1t f T
5 (A R S I 1 __ C_

Fz11(N)

6 8 10

h_ =0.01m
max
h_ =0.02m
max

d A 5 h =0.03m
t max
e I R 1 ) b =0.04m
15— 1Hhf- LAY ol max
s it \ AR e b =0.05m
hms—O‘U()m
h o =007m
22 max
T {—h,_, =008m
|
i | h  =0.09m
\-,J—. 10 _______ T DT : ———————— s

h_ =0.1m
i

20 =

N)

Fz3 1 N)

o+
HH { ‘. . 5 - LL‘N
e — __
:“‘ ‘ lui“lka:'MlilH'H'”"L“-‘I"H!‘lthn i) 5 ——————— | gl
T e

Hinh 4. Két qua khao sat tai van tbc 40km/h
(a) Chiéu cao g& giam téc; (b) Gia téc clia than xe; (c) Tai trong toan bd F.14; (d) Tai trong toan b Fo1;
(e) Tai trong toan bd F31; (f) Tai trong toan bd F4
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x10*
15+
o 10 LN
\.«E mlH(le l)‘ ) -
= 35 3 Ving F | =0tbish e
21l ggeh khoi
mit dutng)
05 04 06
0.2
me(m) il hmax(m)
(b)
st
3..
_ 2'2' max(Fﬁ])\\
Z .
"7;1.5. mm(FZ}l) -
< i
05 mjt duimg)
;e 0.6
0.05 02 04
L (mo1 0 b ()
(d)
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x10
15
~ 10 max(Fz2l)“
Z min(F
’.—i (binh e
= 3 tich khoi
mit duong)
— = 0.6
0.05 —_— - : 0.2 []4
L (mol o h ()
(c)
x10°
2.
~ 15 maX(FZM)
E'- | min(F )
T : Vine F =0 (binhxe
w Ty tich kboi
0.5 mit duong)
—— 0.6
0 — 0.4
0.05 - 0.2
L (m 01 0 h M

(e)

Hinh 5. Két qua max — min cla gia tdc than xe va tai trong toan bo tai cac ciu xe
(a) Gia téc cua than xe; (b) Tai trong toan bd F,1; (c) Tai trong toan bd Fas;
(d) Tai trong toan b F.a1; (e) Tai trong toan bd F1.

4.2. Két qua va danh gia

Khi khdo sat tai van tdc xe vo=40m/s, chiéu
dai go map mé 13 Lum=0,4m v&i cac hmax tAng t
(0.01+-0.1)m va tbng hop céc gia tri thu dwoc qua
dd thi trén cac hinh 4(a,b,c,d). Két qua cho thay
trong khodng 2 giay dau sau khi banh xe tiép xuc
v&i map mé dang cosin thi tri sb gia tbc cta xe ti 1&
thuan véi chidu cao hmax, khi hmax=0.1m thi gia téc
dat gia tri I&n nhét 18n t&i 4.1 m/s? con thip nhat 1a
-4m/s? (Hinh 4b). Do va dap dét ngdt nén cac tai
trong dong tac dung Ién banh xe ciing thay ddi
nhiéu nhat trong khoang th&i gian d6 va ti 1é thuan
v&i chiéu cao map mo hmax. Khi hmax téng thi kha
nang banh xe tach khéi mat dwdng cang tang dan
dén céc lwc tac dung tai cac banh xe dat gia trj 0.
CAc tai trong F,11 va F21 & hmax=0.1m c6 thé tang
dot ngot 1en dén khoang 120000N rbi gidam vé 0 va
dan 6n dinh vé 30000N (Hinh 4c,4d). Do phan bd

tai trong lén cau can bang Ién hon nén cac tai trong
Fu31 va Fu1 & hnax=0,1m tang dot ngodt 1én dén
khoang 250000N réi gidam vé 0 va tiép tuc dao dong
réi mai dan 6n dinh dén 60000N (Hinh 4e,4f).

Khi khao sat véi cac kich thuwédc go gidm tbe
thay ddi khac nhau: Lmm=(0.1-0.6)m va
hmax=(0.01+-0.1)m va tdng hop cac gia tri thu dwoc
céac db thi 3D hinh 5(a,b,c,d,e) thé hién &nh huéng
ctia kich thwéc map mé cosin dén dao déng va tai
trong toan bd cla cac banh xe tai cac cau xe. Tw
cac do thi nay cé mot sé nhan xét nhw sau:

- Tai trong déng I&n nhét tai cac banh xe
F.imax ty 1& thudn vai chiéu cao va ty 18 nghich voi
chiéu dai g& gidm téc. Khi map mé cé chiéu cao
cuC dai hmx tng tr (0.01-0.1)m va chidu dai Lo
gidm t (0.6+0.1)m thi tai trong dong tai cac cau
cing tdng. Cu thé: tang  tw
(39900-+-129107)N; tang tor

Fz11max

F221 max
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(39746.46-128828.80)N;  Fz31max
(78815.00+-256813.75)N;  Frammax tang  tlr
(80240.08+-258008.94)N. Nhw vay, khi chiéu cao
cwe dai clia map mo hmax ting thi tai trong dong tai
cac banh xe Fjmax S€ tang theo, lam giam tinh ém
dju chuyén déng cua xe.

- Ngwoc lai, tai trong dong nhé nhét tai cac
banh xe Faijmin ty 1& nghich v&i chiéu cao, ty & thuan
véi chiéu dai g& gidm téc. Khi map mé cé chiéu
cao cuwc dai hmax tang tir (0.01-0.1)m, chiéu dai
Lmm gidm tr (0.6+-0.1)m thi tai trong dong tai cac
cau ciing gidm. Cu thé& Fumn gidm to
(30570.04-0)N; Fzimin gidm tlr (30546.83--0)N;
F231min glém tw (5954964—0)N, Fz41min glém tw
(59750.73+-0)N. Khi Fjmin gidm dén 0 s& lam cho
banh xe c6 xu hwéng tach khdi mat dwong.

5. Két luan

Bai bao da thiét lap dwoc mé hinh dao déng
cla xe tai 4 cau va thuc hién khao sat danh gia
dwoc anh hwéng cla kich thwéc map mé mét
dworng dén dao dong cuia than xe va tai trong toan
b tai cac banh xe. Két qua cho thay tai trong déng
ty lé thuan véi chiéu cao va ty 1& nghich véi chiéu
dai go gidm tbc. Khi chiéu cao map mé cuc dai himax
tang tr (0.01+ 0.1)m va chiéu dai map mé Lmm
giam t (0.6 = 0.1)m thi tai trong ddng tac dong Ién
cau xe ciing tang theo Iam cho xe dao déng manh
hon va kha nang tach banh xe ra khéi mat dwong
cling tang theo.

tang  tw

Két qua clia bai bao c6 thé 1am co s& dé thay
ddi va diéu chinh cac két cu ctia xe dé tang d6 ém
diu va tang dd 6n dinh cla xe. Dong thoi, co thé
duwoc st dung lam co s& dé danh gia nhiéu tac
dong khac dén tinh én dinh va an toan chuyén
dong cla xe nhw: van tbc xe, cac dang bién dang
map mo méat dwdng khac dén dao dong va tai trong
doéng cua xe.
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