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NGHIEN CUU DANH GIA TAI TRONG DONG CUA DOAN XE
SO MI RG MOOC TAC DUNG XUONG MAT DUONG

A STUDY TO EVALUATE THE DYNAMIC LOADS OF SEMI-TRAILER AFFECTING THE ROAD

DOI: http://doi.org/10.57001/huih5804.2025.016

TOM TAT

Khi nhu cau van chuyén hang héa bang doan xe s mi ro modc ngay cang gia tang thi van dé danh
gid tai trong dong gilta cac banh xe clia doan xe va mat duong ngay cang dugc quan tam nhiéu bdi
céc nha nghién ctu dé phuc vu qua trinh thiét ké dutng, xe. D€ gidm su pha hiy cla mét dudng doi
véi mi loai doan xe so mi ro mo6c thi cén cd nghién ciiu theo cac tiéu chuan dénh gia tai trong dong
véi cac loai dudng, cac dai van toc khac nhau dé dua ra danh gia ciing nhu cdnh bao cho tai xé nhiing
dai toc d6 phu hgp vdi loai dudng. Bai bao st dung tiéu chuan la hé s6 ap luc dutng dong DRSF
(Dynamic Road Stress Factor) d€ nghién citu danh gia vé mé hinh hé thdng treo 5 truc sit dung nhip,
khdo st trén cac loai dudng ngau nhién theo tiéu chudn IS0 8608 véi dai van téc thay ddi tir 20 dén
120km/h. Két qua da dua ra cac gia tri DRSF dé danh gid va khuyén cdo nhiing van toc phu hop cla
doan xe so' mi ra modc khi di trén cac loai dutng khac nhau nham gidm thiéu su pha hdy mét dutng.

Tirkhda: Hé thing treo, tditrong ddng, hé s dp luc duang ddng, somi ro modc, phd hily mdt dudng.

ABSTRACT

As the demand for transporting goods by semi-trailers is increasing, the issue of assessing the
dynamic load between the wheels of the vehicle and the road surface is increasingly of concern by the
researchers to serve the road and vehicle design process. To reduce road surface damage for each type
of road, it is necessary to conduct research according to dynamic load assessment standards for
different road types and speed ranges to provide assessments and warnings to drivers the speed
ranges appropriate to road type. The article uses the Dynamic Road Stress Factor (DRSF) to research
and evaluate the suspension system model of 5-axle semi-trailer using leaf spring, surveying on
random types of roads according to 1S0 8608 standards with speed range varying from 20 to 120
km/h. The results have provided DRSF values to evaluate and recommend appropriate speeds of semi-
trailer when traveling on different types of roads to minimize road surface damage.

Keywords: Suspension system, dynamic load, dynamic load stress factor, semi-trailer, road surface
damage.
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Kiéu Duc Thinh'’,

Poan Canh Quéc’, Nguyén Thé Hoang?

1. GIGI THIEU

Xa héi cang phat trién dan dén nhu
cau luu thong hang héa ngay cang gia
tang. Trong van chuyén dudng bo, s6
lugng cac xe tai trong ndang tham gia vaéi
mot ty trong I6n, véi nhu cau van
chuyén hang hoa dudng dai cao, doan
xe so mi rd mooc (DXSMRM) déng mot
vai tro quan trong.

Mot trong nhiing van dé dugc nhiéu
nha nghién ctu quan tam la van dé tai
trong déng clla DXSMRM tac dung
xuéng dudng khi di chuyén [1-4] bai
chung lién quan dén van dé pha huy mat
dudng, nhiing nghién cdu nay la quan
trong phuc vu cho qua trinh thiét ké
dudng, thiét ké xe cing nhu dua ra
khuyén nghi cho ngudi lai xe khi van
hanh [5].

Trong mét sé nghién ctu da dua ra
cach xay dung mé hinh mé phong va cé
ap dung cac tiéu chuan danh gia tai
trong déng [1, 3, 6, 7], tuy nhién phan
I[6n chua miéu ta dugc mét cach truc
quan théng s6 danh gia khi van téc
tang va loai dudng tré nén xau di.

Bai bao tap trung trinh bay xay dung
moé hinh dao déng cla BDXSMRM, ap
dung tiéu chuan danh gia tai trong dong
la hé s6 ap luc dudng dong dé danh gia
khi doan xe chay trén céc loai dudng
ngau nhién véi dai van toc thay déi, két
qua da chi ra dugc cac van téc phu hgp
cho doan xe khi di trén cac loai dudng
khac nhau.

HaUl Journal of Science and Technology | 105



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

Cac phan ké tiép clia bai bdo gém phan 2 la xay dung
mo hinh DXSMRM, gidi thiéu cac loai mat dusng ngau
nhién & phan 3 va tiéu chuan danh gia tai trong dong &
phan 4, phan 5 mo6 phdéng danh gia két qua va dugc két
luan & phan 6.

2. MO HINH DOAN XE SO MI RO MOOC

M6 hinh khao sat la mo hinh doan xe s6 mi re modc 5
cau dugc miéu ta trong hinh 1, bao gém c6 3 cau & dau
kéo va 2 cau 3 SMRM.

Zst] Zh

*q L

1,

Hinh 1. Mé hinh doan xe so mi ra modc 5 cau

Cac théng s6 dugc miéu ta trong hinh 1 bao gém:

M, Jy1 - Khéi lugng va mé men quan tinh cta khoi
lugng dugc treo clia dau kéo déi véi truc ngang di qua
trong tam phan dugc treo clia dau kéo.

M., Jy> - Khéi lugng va mé men quan tinh cta khéi
luong dugc treo clia modc kéo doi véi truc ngang di qua
trong tam phan dugc treo ctia ro modc.

m1, My, M3, ms, Ms - Khoi lugng khong dugc treo clia
cac cau cla dau kéo va mooc kéo.

G, Ki- Hé s6 d0 cling va hé s6 giam chan cla hé thong
treocaccau(i=1,2,3,4,5).

Cu, Kui- Cac hé s6 d6 ciing va hé s6 gidm chan clia 16p
xecaccau(i=1,2,3,4,5).

Cn, Kn- Hé s6 d6 cling va hé sé gidm chan cuta co cau
nGi modc.

Zs1, Zs2- Chuyén dich thdng ding cla trong tdm phan
dugc treo clia dau kéo va mooc kéo.

@1, ¢2- Chuyén dich géc doc clia phan dugc treo cla
dau kéo va mooc kéo.

Z,i- Chuyén dich phan khéng dugc treo cac cau cua
dau kéo vamoodckéo (i=1,2,3,4,5).

gi- Chiéu cao map mé bién dang dudng tuong tng &
tung banh xe ciacaccau(i=1,2,3,4,5).
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X1, X2 - Toa d6 trong tam phan dugc treo clia dau kéo
va modc kéo theo phuang chuyén dong cua.

Trong mo hinh trén, cac thong s6 vé luc tinh theo don
vi (N), chuyén vi dugc tinh theo dan vi (m), cac théng s
dich chuyén géc tinh theo don vi (rad). Cac thong sé khac
clia moé hinh ¢6 gia tri va don vi do nhu thé hién trong
bang 2.

Cac phuong trinh dong luc hoc ctia doan xe dugc thiét
lap dua trén nguyén ly tach cac ca hé riéng biét va nguyén
ly D’Alambert, dugc thé hién trong hé phuong trinh sau [8]:
( MyZs; = Fei1 + Frg +Feo

+Fk2 + Fez + Frz — Fen — Fn
Jy1®1 = —(F¢q + Fx)ly + (Fez + Fyo)ly
+(Fcs + Fra) (2 + 123) — (Fen + Frn)ls
] MyZs; = Fcq + Fgg + Fes (1
+Fks + Fen + Fkn
Jy2®2 = (Fca + Fradly
+(Fcs + Frs) (s +15) — (Fen + Fin)ls

m;Zy; = Fepi + Frui — Fei — Fra

vGii=1=+5

Hé phuong trinh (1) gém 9 phuong trinh m6 ta cac bac
tu do cila mé hinh doan xe. Trong hé phuong trinh déng
luc hoc nay Fg;, Fii la cdc ndi luc tdc dung clia cia nhip
va gidm chan, F¢p;, Fxyi la cac luc dan héi va giam chén
cla I6p vai thong s6 dau vao chinh la kich dong mat
dudng dugc tinh nhu sau:

Fei = Ci(Zui — Zsi)
Fri = Ki(Zui — Zsi1)
Feri = Cpi(Zui — ai)
Frri = Kii(Zui — 1)

Vi zg; l1a dich chuyén thiang ding cta khéi lugng

dugc treo tai vi tri méi truc

(2)

Tai trong dong tuong tac gilta banh xe véi mat dudng
dugc tinh theo cong thic sau:
Fai = K (di — Zui) + Cui(dy — Zui),
(i=1,273,4,5)
3. MAT DUONG KIiCH THIiCH
Loai mat dudng dugc st dung trong moé phéng dao
dong clia doan xe SMRM la loai mdt dudng ngau nhién
theo tiéu chuan quéc té€ 1ISO 8608, vdi cac loai dudng tir A
dén H, dugc miéu ta theo phuaong trinh sau [9]:

2(t) = 21 ng - w(t) - /Gq(no> v @)

—=2m - fy - g (t)
Trong dé, t la thai gian mo phong, cac ky hiéu trong
cong thuc dugc giai thich trong bang 1.

3)
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Bang 1. Cac thong s6 mat dudng kich thich

Ky hiéu Miéu ta Gid tri Pon vi
zg(t) |Mdt dudng kich thich |- m
theo thai gian t
Gq(ng) |Tham chiéuPSD ciatdn| 16.10~° (Loai A) m3
50 kh6ng glan 6410_6(L06| B)
Thong s6 nay thé hién 256.10‘6(Loai()
mét do phé cong suat e
PSD (power spectral 1024.10 6(Loa{D)
density) cta su dich|4094.10 (Loai E)
chuyén mat ct dudng | 16384.107 (Loai F)
theo phuong thang 65536.107 (Loai G)
ding. Gid t cia N ¢\ ) 1 44,106 (Loai H)
quyét dinh cac loai mat
duang [10].
n, |Tan s6 khong gian 0,1 m~?!
tham chiéu
fo Tan 50 cat 0,0628 Hz
w(t) |Tin hiéu nhiéu tring - -
Gaussian mién thi gian
\ Vén toc xe 20 =+ 100 Km/h

4. TIEU CHUAN PANH GIA TAI TRONG PONG

Dé danh gia tai trong déng tac dung xuéng mat
dudng, bai bao sir dung hé sé ap luc dudng dong DRSF
(Dynamic Road Stress Factor), phu thuéc bac 4 vao hé s6
tai trong dong dugc tinh nhu sau [11]:

DLSF = 1 + 6DLC? + 3DLC* (5)
Trong do:
DLC: hé s6 tai trong dong (Dynamic Load Coefficient),
DLC = RMS(Fd);
Ft

F: tdi trong tinh tac dung |Ién banh xe;

RMS(Fg4): d6 léch chudn cla tai trong déng Fy tac
dung |én banh xe

Hé s6 DRSF khi di trén dudng g6 ghé cho phép nho
hon 1,46 [11].

5. MO PHONG VA DANH GIA KET QUA

Mé hinh doan xe SMRM 5 truc dugc mé phdng trén
phan mém Matlab-Simulink véi cac théong s6 dugc cho
trong bang 2.

Hé s6 ap luc dudng déng DRSF cua 5 truc dugc biéu
thi trén hinh 2, & day cho thdy mot su logic la khi mat
dudng xau di va téc do tang Ién, hé s6 DRSF cé xu huéng
tang lén, dac biét déi mat dudng xau nhat loai H, gia tri
DRSF tang dot bién. Hé s6 nay tuong Ung vdi 5 truc con
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dugc thé hién ré hon & bang 3, & loai mat dudng rat xau
la G-H thi khong c6 téc do nao tir 20km/h tré 1én c6 hé s6
DRSF ndm trong khoang cho phép theo tiéu chuan danh
gia, nhd hon 1,46, véi loai mat dudng thay déi theo huéng
tot 1én thi dai téc do véi hé sé DRSF thoa man ciing tang
Ién, cu thé véi mat dudng loai F c6 téc d6 20km/h, mat
dudng loai E ting toc dé thoa man lén 40km/h, mat
dudng loai D cho téc d6 thoa man lén 100km/h va dac
biét véi loai dudng loai C hay t6t hon thi tat ca dai téc do
khao sét lén t6i 120km/h déu c6 hé sé DRSF nam trong
khoang cho phép, diéu dé cho thay su logic hop ly.
Bang 2. Cac thong s6 cia doan xe SMRM 5 truc [1]

STT Théng sé Kyhiéu | Gidtri | Donvi
1 | Khdilugng dugc treo cla ddu kéo | M, 8720 kg
2 | Khéi lugng dugc treo ro modc M, 26830 kg
My 570 kg
3 |Khdi lugng khong dugc treo My, My3 785 kg
Mg, Mys 690 kg

Ki 2x250000 | N/m

4 | Dd cling clia nhip

Kz,3,4,5 2x%700000 N/m
A w2 a . Gz 2x15000 | N.s/m

5 | Hé s6 can gidm chan
Gs 2x30000 | N.s/m

Kis 2980000 | N/m

6 | Do cling clia lop

Koses | 21960000 | N/m

7 |Hésdcanclalop G 0 N.s/m
L 1,6363 m
1, 14137 m
1,3 13 m

8 | Cackhodng cach 1y 2,5306 m
ls 131 m
I 1,8037 m
1 6,279 m

9 | M6 men quan tinh dau kéo Jy1 43223 kg.m?

10 | M6 men quan tinh ro modc Jy2 522690 | kg.m?
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b) Truc 2 Q) Truc3
Béng 3. Hé so DRSF tai cac truc banh xe
Loai dudng A B C D E F G H
Truc  |Van tdc (km/h)

20 1,000 1,000 1,001 1,003 1,01 1,044 1,176 1,712
40 1,000 1,001 1,002 1,01 1,045 1,172 1,764 4,602
60 1,000 1,002 1,005 1,024 1,102 1,406 2,648 10,762

! 80 1,001 1,003 1,009 1,044 1,179 1,775 4,391 23,005
100 1,001 1,004 1,013 1,068 1,266 2,203 6,708 42,155
120 1,002 1,006 1,018 1,094 1,397 2,744 9,989 75,338
20 1,000 1,001 1,002 1,012 1,040 1,163 1,772 4,140
40 1,001 1,003 1,009 1,044 1,191 1,614 4,470 21,434
60 1,001 1,007 1,023 1,093 1,408 2,743 9,979 95,398

2 80 1,003 1,010 1,038 1,188 1,832 4,667 20,035 234,128
100 1,004 1,017 1,055 1,269 2,073 6,832 42,097 | 465,635
120 1,006 1,022 1,069 1,424 2,588 | 10,880 75,743 | 878,495
20 1,000 1,001 1,003 1,017 1,062 1,238 2,234 6,419
40 1,001 1,004 1,014 1,061 1,280 1,951 6,370 37,664
60 1,002 1,010 1,033 1,143 1,595 3,599 18,018 | 157,022

3 80 1,004 1,014 1,055 1,276 2,212 6,646 34906 | 447,027
100 1,006 1,025 1,086 1,436 2,853 | 10,159 73,887 | 941,177
120 1,009 1,034 1,104 1,640 3,468 | 16,226 | 144,869 | 1640,057
20 1,000 1,000 1,001 1,003 1,012 1,046 1,218 1,853
40 1,000 1,001 1,003 1,012 1,054 1,180 1,847 4,762

4 60 1,000 1,002 1,006 1,027 1,113 1,448 3,041 14,085
80 1,001 1,003 1,01 1,053 1,222 1,888 4,710 29,213
100 1,001 1,005 1,016 1,078 1,305 2,306 7,937 52,775
120 1,002 1,006 1,020 1,116 1,417 3,073 12,284 92,694
20 1,000 1,000 1,000 1,002 1,008 1,033 1,139 1,563
40 1,000 1,001 1,002 1,008 1,035 1,126 1,593 3,474

5 60 1,000 1,001 1,004 1,018 1,079 1,310 2,293 8,001
80 1,001 1,002 1,007 1,033 1,144 1,572 3,395 16,799
100 1,001 1,003 1,010 1,050 1,208 1,852 5,217 28,422
120 1,001 1,004 1,014 1,075 1,289 2,284 7,325 48,856
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Hinh 2. Hé 56 ap luc dudng dong DRSF tai cac truc banh xe SMRM
6. KET LUAN

Nghién ctru da tién hanh xay dung mé hinh dong luc
hoc cho DXSMRM 5 truc sir dung hé thong treo nhip, sau
dé mé phong danh gia tai trong dong theo hé sé ap luc
dudng déng vai cac loai mat dudng ngau nhién thay doi
tu A dén H theo tiéu chuan cda ISO 8608 va dai téc dé tu
20 dén 120km/h, két qua hé sé DRSF da cho thay véi loai
mat dudng xau nhat la G-H thi khong cé téc d6 nao tu
20km/h tr& 1én cho hé s6 DRSF thda man, khi mat dudng
thay d6i theo hudng tét hon thi bat dau cé nhimng téc do
vGi hé s6 DRSF nam trong khoang cho phép, véi loai mat
dudng D thi toc do thda man 1én dén 120km/h. Nghién
clru sau hon dugc dé xuat la so sanh hé sé ap luc dudng
dong ctia DXSMRM str dung hai loai hé théng treo la nhip
va khi nén d@é danh gia hé théng treo nao uu viét hon.
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