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Abstract: This paper investigates the determination of interaction forces
between the suspension system and the frame of multi-axle trucks. These
forces constitute key input parameters for structural strength assessment and
vehicle structural optimization. A 14 degree of freedom (DOF) full vibration
model of a four-axle truck is established based on the multibody system
approach and the Newton-Euler equations of motion. MATLAB-Simulink
software is employed to determine the interaction forces between the
suspension system and the vehicle frame when the truck traverses a cosine
road profile. The research results indicate that the dynamic loads induced by
the interaction forces at the balanced axle assembly are significantly greater
than those at the front axles, and the time to completely dissipate these
vibrations is correspondingly and considerably longer. These findings provide
a basis for the design and refinement of the parameters for the elastic and
damping components of the suspension system. At the same time, the
research aims to protect transportation infrastructure by minimizing the
adverse effects on the road surface caused by large dynamic loads generated
during the operation of heavily loaded multi-axle trucks.

Keywords: suspension forces, multibody system analysis, full vibration model,
four-axle trucks, cosine road excitation.
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Toém tat: Bai bao nghién ctru xac dinh lwc lién két gitra hé théng treo va khung
cla xe tai nhidu ciu. Céac lwc nay la nhirng thong sb dau vao chinh dé kiém
nghiém d6 bén va t6i wu thiét ké két cu cta 6 t6. Nghién clru st dung phwong
phap hé nhiéu vat va hé phwong trinh Newton-Euler dé thiét 1ap mé hinh dao
déng voi 14 bac tw do cho xe tai 4 cau. Phan mém MATLAB-Simulink duwoc
dung dé xac dinh lyc lién két gitra hé théng treo va khung xe khi xe di qua map
mo cé bién dang cosine. Két qua nghién ctru cho thay tai trong déng sinh ra
tlr cac lwc lién két tai cum cau can bang Ién hon rat nhidu so véi cac cau phia
trwdc, dong thdi thoi gian dap tat hoan toan cac dao déng nay ciing kéo dai
hon twong (rng va dang ké. Két qua dat dwoc trong nghién ctu co thé dwoc
ding lam co sé& dé thiét ké va tinh chinh cac théng sb clia bd phan dan hdi
ciing nhw gidm chén cua hé thdng treo. Dong thdi, nghién ciru hwéng téi viec
bao vé két cu ha tang giao thédng bang cach han ché téi da nhirng tac déng
xau 1én mat duwong do tai trong ddng 16n sinh ra trong qua trinh xe tai nhiéu
cau van hanh véi tai trong lon.

T khoéa: Luc lién két hé théng treo, phwong phap hé nhiéu vat, mé hinh dao
dong khéng gian, xe tai 4 cau, map mo cosine.

1. Téng quan

Hé thdng treo trén 6 t& déng vai trd 1a phan
t&r lién két dan hoi gitva phan khdi lwong khong
duoc treo (cau xe va banh xe - goi tat la cau xe) va
phan khéi lwvong duoc treo (than xe va khung xe -
goi tét la than xe), né ¢6 nhiém vu hap thu va triét
tiéu cac dao dong do kich thich tir mat dwong
truyén 1&n khung vé [1, 2]. Dbi v&i xe tai nhiéu cau,
do trong tdm cla xe cao, tai trong I&n va sy thay
ddi tai trong dong 1&n cac truc khi xe di chuyén sé
thay d6i v&i bién do rong va lién tuc nén viéc thiét
ké cac lien két dan héi va gidm chan la rat phirc tap

va doi héi yéu cau cao [3].

Thuc t& qua trinh van hanh cho thay, cung

véi trang thai phanh, tang téc, chuyén hwéng, khi
xe chuyén déng trén cac bé mat dwong khong
bang phang, sw twong tac gitra 16p xe va mat
dwérng lam sinh ra cac nguén kich thich dao déng
cht yéu cho xe [4]. Cac ngudn kich thich nay khéng
chi gay ra dao dong cho toan bd xe theo phwong
thdng ding (vudng goc v&i mat dwdng), dao dong
lac theo chiéu doc than xe do trong tam xe don ra
phia trwéc hoac phia sau, ma con sinh ra cac lyc
va mo men lién két tai cac diém lién két cta hé
thdng treo 1&n khung xe [5, 6]. Néu cac gia tri luc
nay vwot qua gi¢i han bén cho phép, sé lam giam
dd bén cla két cau khung xe, gidm tudi tho str dung
cla xe va gy mét an toan khi van hanh [7]. BDéng

JSTT 2026, 6 (5), 15-23

Ngay d&ng bai: 16/07/2026


https://jstt.vn/index.php/vn
https://doi.org/10.58845/jstt.utt.2026.vn.6.5.15-23
https://doi.org/10.58845/jstt.utt.2026.vn.6.5.15-23
file:///E:/Viết%20báo/2026_BB_Xác%20định%20lực%20và%20mô%20men%20liên%20kết%20của%20HTT_Giang%20+%20Tuấn/Phản%20biện%20Vòng%202/giangdth@utt.edu.vn

JSTT 2026, 6 (5), 15-23

thoi, cac dao dong con gay ra tai trong dong Ién
khi xe van hanh qua map mé, tai trong déng nay
khi phan bd ra tirng banh xe sé tac dong nguoc tré
lai mat dwéng lam bién dang mat dworng dén mire
khong thé phuc héi lai két cAu ban dau, tirc gay hw
héng két cdu duwong bo [8, 9].

Ma&c du da c6 nhiéu nghién ctru vé dao dong
6 t6, nhuwng cac nghién cwru trede day thwdng tap
trung chl yéu vao viéc danh gia dd ém diu thong
qua gia téc than xe hodc do an toan chuyén déng
théng qua tai trong dong cua banh xe [10, 11].
Trong nghién cru nay, da thwc hién xac dinh va
danh gia luc lién két cta hé théng treo trong md
hinh dao déng xe tai nhiéu cau bang phwong phap
phan tich hé nhiéu vat khi xe di qua mat dwdng
map mo dang cosine. M hinh tinh toan dwoc thiét
lap bang phdn mém MATLAB-Simulink cé xét dén
dd cirng xodn khung xe. Két qua dat dwoc cla

Than xe

Tran & nnk

nghién ctru co thé dwoc st dung lam co s& dé xac
dinh, t6i wu héa két cAu phan ttr ctia hé théng treo
trén 6 t6 va 1a co sé& dé do lwdng va danh gia anh
hwdng pha huy céng trinh dwdng bd khi van hanh
xe [12]. Bai bdo dwoc trinh bay véi cac phan nhw
sau: Phan 1: Téng quan; Phan 2: Mé hinh dao
dong 14 bac tw do cla xe tai nhiéu cau; Phan 3:
Khéo sat va danh gia; Phan 4: Cac két luan.
2. M6 hinh dao dong 14 bac tw do cua xe tai
nhiéu cau

Péi twong dwoc Iwa chon dé khao sat trong
nghién ctru nay la xe tai 4 cau cé cau truc hé théng
treo dac thu: cac cau 1 va 2 str dung hé thdng treo
phu thudc don, cum cau 3 va 4 |a hé théng treo phu
thudc loai can bang (Hinh 1). Théng qua mé hinh
dao ddng, bai bao tap trung xac dinh cac thanh
phan luc lién két phat sinh gitra khung xe va hé
théng treo trong cac diéu kién van hanh khac nhau.

Thén xe

Hinh 1. So d6 lwc va md men cla xe tai 4 cau khi di qua map mé

2.1. Quy wéc va gia thiét khi thiét 1ap mé hinh

Khéi lwong phan dwoc treo (than xe va
khung xe) dwoc coi la mét vat ran cé khéi lwgng m,
c6 cAu trac dbi xirng qua truc doc cuia xe.

Gia thiét khung xe cirng theo chiéu udn va
mém theo chiéu xoan. Sy xodn khung dwoc dac
trwng bdi d6 cirng xoan khung Ci.

Khdi lwong khdng duoc treo (cac ciu xe,

banh xe) gébm cac vat ran cé khéi lwong & ma;
(i=1+4).

Khdi lwong cla phan dwoc treo va khoi
lwvong khéng dwoc treo lién két v&i nhau bdi hé
théng treo c6 phan t& dan hdi (46 cing Cjj) va phan
t&r gidm chan (c6 hé sb can Ki,.

Hé toa d6 Cxyz cla than xe dwogc dat tai
trong tadm cla khéi lwong dwoc treo. Cac cau xe cd
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hé toa dd Axayaizai dwoc dat tai thm cac cau xe
twong rng.
2.2. Cac phwong trinh mé ta dao dong cua xe

M6 hinh dao ddng clia xe tai 4 cau dwoc thiét
lap theo phwong phap hé nhiéu vat va hé phwong
trinh Newton-Euler v&i 14 bac tw do. Khéi lwong
dwoc treo tham gia 4 chuyén dong twong (rng Vi
4 bac tw do, gém co: chuyén dong thang dirng theo
truc z clia trong tam than xe, géc l&c doc ¢ ctia than
xe quanh truc ngang va cac goc lac ngang B+ va B2
cua than xe phia trwéc va phia sau.

Trong hé phwong trinh (1) dao déng ctia khéi
lwong dwoc treo dwoc mo ta qua phwong trinh tw
(1.1) dén (1.4); cac cau xe 1, 2, 3, 4 cé dao dong
theo phwong thdng ding voi bién dd za va dao
doéng l&c ngang véi goc lac ngang Bai, tirc méi cau
xe ¢6 2 bac tw do, dwgc md ta bang cac phuong

2.3. Xac dinh cac Iwc va mé men lién két
a. Xac dinh cac lwc lién két
Luwc lién két hé thdng treo dwoc xac dinh tw

Tran & nnk

trinh tlr (1.5) dén (1.12). Béi véi hé thdng treo cua
cau 3 va ciu 4 duoc lien két béi ddm cirng, cac
dam ctrng lién két bén trai va bén phai chiu cac géc
l&c doc quanh truc y (¢;, @) twong rng véi 2 bac
tw do va dugc xac dinh theo cac phwong trinh
(1.13), (1.14) cta hé phwong trinh (1).

Trong d6: Jx1 va Jxz 1an lwot & mé men quan
tinh cta khéi lwgng dwoc treo phia trwéc (cabin)
va khéi lwgng dwoc treo phia sau (thung xe) quanh
truc x; Jy la mé men quan tinh cla khoi lwong than
xe quanh truc y; JayL va Jayr 1@ mé men quan tinh
clia cac dam cirng trai va phai; a 1a chiéu dai cla
cac ddm cwng; I 1a khodng céach tir cau thw i
(i=1+4) dén trong tam than xe; Fcksj j=1+2) VA Fckaj
(=1+2) la lwc lién két gitra don can bang va khung xe
tai banh xe bén trai va bén phai clia cac cau 3 va
cau 4.

mz = Fc11+Fc12 +FK11 +FK12 +Fc21 +Fc22 +FK21 +FK22 + F0341 +Fc342 +FK341 +FK342 (1 -1)
.. a
Jy(P = _|1(FC11 + FK11 + Fc12 + FK12 ) - Iz(Fcz1 + FK21 + Fczz + FK22 ) + (Ia + E)(chm + FK341 + F0342 + FK342) (1 -2)
Jx1B1 = W1(FC11 + FK11 - Fc12 - FK12 ) + Wz(Fcz1 + FK21 - Fczz - FK22 ) - ka - MT'I_ MTZ (1 -3)
szﬁz =Wy, (Fo341 + FK341 - F(:342 - FK342 ) + ka - MTs - MT4 (1 -4)
mA12A1 = (FCL‘H + FCL12 ) - (Fcn + FK11 + Fc12 + FK12) (1 -5)
JAx'IBA'I = (FCL'H - FCL12 )b1 + (Fc12 + FK12 - Fc11 - FK11 )W1 + MT1 (1 -6)
mA22A2 = (FCL21 + FCL22 ) - (Fc21 + Fczz + FK21 + FK22) (1 -7)
Q)
JAX2BA2 = (FCL21 - FCL22 )bz + (Fczz + FK22 - Fcz1 - FK21 )Wz + MTz (1 -8)
mA32A3 = (FCL31 + FCL32 ) - (FCK31 + FCK32) (1 -9)
JAXSBAS = (FCL31 - FCL32 )bs + (FCK32 - FCK31 )W3 + MT3 (1 -10)
mA42A4 = (FCL41 + FCL42 ) - (FCK41 + FCK42) (1 A 1)
JAX4BA4 = (FCL41 - FCL42 )b4 + (FCK42 - FCK41 )W4 + MT4 (1 -12)
.. a
Jat @u = (Ferar - Fekan )E (1.13)
.. a
JAyR(\DR = (Fekaz ~Fokaz )E (1.14)

dd crng cla hé thdng treo, hé sb can gidm chéan
véi dich chuyén va van tc dich chuyén twong dbi
gitra vi tri cac diém lién két hé thdng treo.
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Déi véicau 1, 2: lwc lien két hé thdng treo Fg;
va Fx;j dwoc xac dinh theo hé phwong trinh (2):
C, (ZAij -z +f[§‘ij) khi f[j‘ij <Zp—Zg;
FCij = Cij (ZAij _ZSij) khi f(;ij < ZAij _Zsu < fgij
~C, (zpy—25; —T5;)  khi
FKij = Kij (2Aij - 2Sij)
Dich chuyén tai cac lién két hé théng treo cla
cau 1 va cau 2 (zajj va zsj, i=1+2, j=1+2) dwoc xac
dinh theo hé phwong trinh (3):

(2)

n
ZAij - ZSij < fdij

Zg; = -l sing+(=1)"w;sinp,
Zpj=2Zat (_1)j71wi sinB,
Dich chuyén tai cac lién két cia hé théng treo

trén cau 3 va cau 4 duoc xac dinh theo hé phwong
trinh (4):

I, +1 W, +W
_ 3 4 o 3 4 o
Zgou =2+ S|n(p+Tsm B,
I, +1 W, +W
— 3 4 o 3 4 o
23342_Z+Tsm(p—Tsm[32

1 (4)

Zpga = E(Z” +Z,, +W,SINB,, +W,SiNB,,)

1 . .
Zpzap = E(ZA(} +Zp, —W5SINPB,a; —W, SiNB,,)

Cac lwc dan hoi cha 16p xe Feyj va tai trong
doéng F; tai ttrng banh xe theo phwong thdng dirng
dwoc xac dinh theo hé phuwong trinh (5):

Cuij(hj-za;) Khi banh xe tiép xuc mat duong

Feu=

-F s Khi banh xe r&i khdi mat dwong (5)

Foi=FcLi*tF st

Trong d6: w; la nlra khodng cach gitra hai
diém dat hé théng treo trén cing mot cau i (i=1+4);
l; 1& khodng céch tir trong tdm than xe dén cau
[; za: bién do dao ddng cua trng cau xe theo
phwong thang ding, B4 géc lac ngang cla cau xe
th i; C., l& dd clrng gidi han khi phan t& treo lam
viéc & vung va cham; Cy;; 1a d6 cing doc cua 16p
tai cau i, fj}; va fj;; 1a gi6i han bién dang (nén va
gidn) ctia phan to treo.
b. Xac dinh mé men lién két

Céac mo men 6n dinh Mv=1-4) cGia khung xe

Tran & nnk

dwoc xac dinh béi d6 cirng cac thanh can bang Cr;,
i=1:4, V& M® men xodn khung M« tac dung lén cac
cau xe, dac trwng bdi dd cirng xoan khung Cux va
géc léch twong dbi ctia goc lac cabin (84), thung xe
(B2) v&i géc lac clia cac cau xe (Bai, i=1+4). MO men
4n dinh va mé men xoén khung dwoc xac dinh theo
hé phwong trinh (6):

M, = Ckx(BZ _B1)

MT1 = CT1([3A1 _51)

MTz = CTZ(BAZ _B1) (6)

MTs = CTB(ﬁAS _Bz)

MT4 = CT4(BA4 _Bz)

2.4. M6 hinh mat dwong

Nghién ctru khdo sat khi xe di chuyén trén
dwéng c6 map mé dang cosine, ¢6 chiéu cao map
mé thay déi h(x), x [a quang dweng di chuyén (hodc
toa do vi tri) clia banh xe doc theo chiéu dai cua
mat dwong.

Map mé cosine c6 hinh dang twong tw nhw
g® gidm téc va duwoc xac dinh theo hé phuwong
trinh (7) [10, 11, 13]:

Ih (1-003 (2ni)> khi 0<x<Lm

h(x)=1 2 Lo . @)

&0,khi x <0:x =L,

Trong d6: Lmm l& chiéu dai map mé; hmax 1a
chiéu cao map moé 1&n nhét.
2.5. M6 phéng bang phan mém MATLAB-
Simulink

Trong nghién ctu nay, nhém tac gia da s
dung phan mém MATLAB-Simulink d& md phdng
va xac dinh cac luc lién két ctiia hé théng treo tai
cac cau xe trong cac trwong hop khao sat khac
nhau.

3. Khao sat va danh gia
3.1. Cac thong s6 va phwong an khao sat

Bai bao sir dung cac théng sb ky thuat thuc
té cla xe tai 4 ciu dé moé phdng nham dam bao
tinh thyc t& ciia md hinh. Két qua khao sat cho thay
dao déng cuia xe tai 4 cau khi xe di chuyén qua

19



JSTT 2026, 6 (5), 15-23 Tran & nnk

map moé mat dwdng dang cosine v&i van tdc khdo  hmax thay ddi ttr 0,02m dén 0,1m (Hinh 2).
sat vo = 40km/h, chiéu dai Lmm=0,4m va bién do 3.2. Két qua khao sat va danh gia

ﬂ'l [ o
0.08
0.08 -
0.4
E 0.06
/ 0.0z
ra | 099 1‘ 101 1.02 T 105) _ h =002
0.04 —
—_h___=0,04
max
h =0,
0.02 max 0:06
h =008
max
—__h_ =0,1
max
0 i J
0 1 2 3 4 5 6 7 8
t(s)
Hinh 2. Map mé dau vao khao sat
15000 —
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."" o
z o
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] 4000
=
1 105 1.1 115 1 125
—h__=002
% - mav
" ’#;_\_ ;f_&‘_?a\-—*—___ - - hm.t=ﬂ.0-l'
! il \ hmat-“'l}6
! h_ =008
h =i}, 1
-5000 : L : " ) — |
0 1 2 3 4 5 [ 7 8
t(s)
Hinh 3a. Luc lién két hé thdng treo cau 1 - lwc can dan héi Feis
4
PR 10 -
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Hinh 3b. Luc lién két hé théng treo cau 1 - Lwc can gidm chan Fii
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21



JSTT 2026, 6 (5), 15-23

= 10
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h =0,02
max
——h =0),04
max

h =0,06
max
h =0,08
max
=0,1
Illla\
4 5 6 7 8

t(s)

Hinh 5b. Luc lién két hé thdng treo cau can bang - Lwc can gidm chan Fiass

Dwa trén cac két qua khao sat xe tai khi di
qua map mé mat dwérng dang cosine & van téc 40
km/h, c6 thé thay kich thwérc map md (hmeax) (Hinh
2) la thong sbé tac dong trwc tiép va thay déi ty lé
thuan véi gia tri tai trong dong tai cac diém lién két.
Déi véi cac cau trwde (cau 1 va cau 2), két qua twr
dd thi cho thay: khi gap kich thich map mé Ién nhét
(hmax=0,1 m), lwc dan hdi va lyc can gidm chan déu
tang manh (Hinh 3), trong do: lwc dan héi F; tang
vot |én gia tri cwc dai lan lwot 1a 12.103,3 (N) sau
thoi gian 1,0423 giay tai cdu 1 (Hinh 3a) va
10.957,2 (N) sau thdi gian 1,1939 giay tai cau 2
(Hinh 4a), trong khi lwc can gidm chan F; dat gia
tri cwe dai la 35.821,8 (N) tai thovi gian 1,0244 giay
& cau 1 (Hinh 3b) va 36.587,5 (N) tai thoi gian
1,1776 gidy & cau 2 (Hinh 4b).

Tuy nhién, cac thanh phan lwc nay cé xu
hwéng gidm nhanh va sém dat trang thai 6n dinh
ngay sau khi xe vuot qua chwdng ngai vat. Tai cum
cau can bang (cau 3 va cau 4) (Hinh 5), lyc dan hoi
tang manh t&i gia tri cwc dai la 41.302,6 N tai thoi
diém 1,5561 giay sau khi gap map mod cwc dai (hmax
=0,1 m), nhwng ¢c6 xu huwédng vot Ién cao hon tuy
theo diéu kién va cham, gia tri lwc dan hdi tai cau
can bang cao gap nhiéu lan so véi cac cau truéc
(Hinh 5a). Béng thdi, lwc can gidm chan cling dat
mec cuc tri rat Ion 1a 45.212,7 N & thoi diém
1,5408 giay, voi thoi gian dao dong kéo dai va bién
d6 duy tri manh (Hinh 5b). Nguyén nhan chinh dan

dén tai trong déng I&n & cum cau can bang 1a do
tai trong hang héa rat I&n, két hop véi co ché don
can bang tao ra sw truyén lyc va twong tac dong
lwc hoc phirc tap gilra cac truc banh xe. Sw xuét
hién cla céac luc lién két cuc dai nay khong chilam
gidm dd ém dju chuyén déng ma con tac dong xau
lén két cAu khung vé, va 1a nguyén nhan chi yéu
gay mai két ciu va tiém an nguy co nit gay tai cac
diém ti cha hé thdng treo.
4. Két luan

Bai bao da xay dwng dwgc mé hinh dong lwc
hoc va chwong trinh mé phdng trén MATLAB-
Simulink dé& xac dinh lyc lién két cla xe tai nhiéu
cau. Két qua khao sat cho thay kich thwéc map mo
bé mé&t duwdng (hmax) la tac nhan chi yéu gay ra tai
trong dong tai cac diém lién két ctia hé théng treo
lén khung xe. Khi chiéu cao map md tang, céac
thanh phan lwc dan hdi va lwc can gidm chan déu
tang manh, gay ap lwc Ién 18n két ciu khung vo.
Nghién ctru da xac dinh va mdé phdéng duoc tai
trong tac dung Ién cac truc cla xe tai nhiéu cau.
Trong d6, cum cau can bang phia sau chiu tai trong
déng 16n hon nhiéu so véi cac cum cau truwdc va
thoi gian dap tat dao dong ciing kéo dai hon, phu
hop véi ddc thu xe tai nhidu cau. Két qua cda bai
bao khoéng chi dong gop vé mat ly thuyét véi mé
hinh dao dong xe tai nhiéu cdu ma con cung cap
thdng s dau vao tin cay cho bai toan tinh bén mai
khung vé va téi wu hoa két cidu hé thdng treo.
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viéc két hop thém dir liéu thwe nghiém, hodc tich

hop mé hinh phi tuyén d& mé phéng chinh xac va

tric quan hon anh hwéng ctia cac lyc lién két hé

thdng treo trong cac diéu kién van hanh thuc té

khac nhau cla xe tai nhiéu ciu.
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    𝜑  L ,       𝜑  R


   {      F  CLij =  {      C  Lij  (  h  ij -  z  Aij )     Khi bánh xe tiếp xúc mặt đường                -  F  zstij              Khi bánh xe rời khỏi mặt đường                          F  zij =  F  CLij +  F  zstij (5)


   C ∞


   C Lij


    f  d i j  n


    f  d i j  t


  h(x)=  {    &  1 2   h  ( 1-cos  ( 2π  x   L  mm ) ) khi 0<x<  L  mm  max   &0,khi x ≤0;x ≥  L  mm     (7

