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TOM TAT

Trong qua trinh chuyén dong, tai trong dong sinh ra tir cac phuong tién van tai nay
anh huong khong nho dén cau/duong va an toan dong luc hoc cia xe. Nhiing anh hudng
clia tai trong bao gdm hu hong vé kién truc ha tang giao thong, 1am hé thong cau duong
xudng cap tram trong. Ngoai ra con anh hudng dén an toan cia nguoi diéu khién phuong
tién va do bén clia cac chi tiét trén xe. Mot trong nhitng yéu t6 lién quan dén tai trong 1a
d6 cung 16p xe. Dé ¢ co sé phan tich anh hudng d cimg ciia 16p dén tai trong dong tac
dong 1én xe tai ba ciu, tac gia da thuc hién xay dung mo hinh dong luc hoc cia xe, thiét
1ap hé phuong trinh vi phan va sir dung phan mém Matlab dé xac dinh tai trong dong tac
dong 1én xe khi d¢ ctng ctia 10p xe thay doi. Két qua danh gia cho thay tai trong dong
tang 1€n ti 1¢ thudn véi do cung lép xe, v6i van toe chuyén dong va trén loai duong cé
chat lugng xau hon.

Tir khéa: Do cimg 16p xe, tai trong dong, xe tai 3 cau, ISO 8608:2016
ABSTRACT

During the movement, dynamic loads generated by these means of transport
significantly affect the bridge/road and the dynamic safety of the vehicle. Load effects
include structural damage to transport infrastructure and seriously degrade the road and
bridge system. In addition, it also affects the safety of vehicle drivers and the durability
of vehicle components. One of the load-related factors is tire stiffness. To have a basis for
analyzing the influence of tire stiffness on dynamic loads acting on three-axle trucks, the
author has built a dynamic model of the vehicle, set up a system of differential equations,
and used Matlab software to determine the dynamic load acting on the vehicle when
the tire stiffness changes. The evaluation results show that the dynamic load increases
proportionally to the tire stiffness, at travel speeds and on roads of poorer quality.

Keywords: Tire stiffness, dynamic load, 3 axles truck, ISO 8608:2016
1. Giéi thi¢u Viét Nam. Trong qua trinh chuyén dong, tai
Xe tai 3 cAu 1a phuong tién van tai phd  trong dong sinh ra tir cac phuong tién van

bién va hiéu qua trén thé gidi cling nhu tai  tai anh huéng dén tinh ning an toan dong
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luc hoc cua xe. Tai trong dong 13 yéu t6 tac
dong hai chiéu: ¢ chiéu ting, anh hudng
dén 4p lyc dudng, giy ra cac hu hong, anh
huong dén do bén chi tiét ctia xe; & chiéu
giam, anh hudng dén an toan dong luc hoc
xe. Kich dong mit dudng 1a ngiu nhién,
co tinh chu ky, gdy ra tai trong dong cling
c6 tinh ngau nhién va chu ky, tic dong tré
lai lam cho mat cau/duong dao dong, giy
ra nut t& vi cho cau/dudng. Ngoai ra, tai
trong dong c6 kha ning lam thay doi cac
luc truyén doc va ngang cua banh xe, anh
hudng dén an toan dong luc hoc cua xe va
gay mon 16p, mon duong. Tai trong dong
& hanh trinh tra, c6 thé din dén hién tuong
tach banh xe, mit kha ning truyén lyc [5].
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Hinh 1: Tdc déng tuong hé giira I6p - dudng

Tai trong dong truyén dén duong bi
anh hudng boi yéu t6 van hanh va yéu to
thiét ké. Cac yéu té van hanh bao gébm van
toc xe, loai duong va muc tai [2]. Cac yéu
t6 thiét ké bao gém khdi luong, phan bd
khéi lwong, kich thudc hinh hoc xe, dic
tinh hé thng treo va dic tinh 16p. Cac yéu
t6 thiét ké dugc cac nha san xuat xe quan
tam, dac biét lién quan truc tiép dén dao
dong cua xe nhu hé thong treo va 16p. Pic
tinh hé thdng treo anh huéng dén tai trong
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dong da dugc dé cap trong cac nghién ctru
trude lién quan dén két cau hé thong treo
khi nén, so sanh tai trong dong cua xe véi
hai loai hé thong treo nhip - khi nén [3].
Trong nghién ciru nay s& dé cap dén dic
tinh lép, cu thé 1a do cung. Viéc lya chon
d6 ctmg cua 16p, ngoai viéc dap tmg kha
nang chiu tai, d§ ém diu chuyén dong con
lién quan dén tai trong dong cua xe [4].

2. Xay dung mo hinh

Mo hinh lyc tac dung 1én 6 t6 tai khi
xe di chuyén trén duong duoc xac dinh dyua
trén mo hinh dong luc hoc cua xe 6 t6 tai,
trong d6 ciu trude c6 hé thdng treo phu
thudc va hai cau sau co hé théng treo can
bang. C6 nhiéu phuong phap khac nhau dé
thiét 1ap hé phuong trinh mé ta dong luc
hoc cua 6 t6, phu thudc vao mirc do va cac
thong sd can tinh toan. Trong nghién ctru
nay, tac gia st dung phuong phap tach cu
trac hé nhiéu vat dé xay dung mo hinh dong
Iuc hoc. Cac budc dugce thuc hién nhu sau

Buéc 1: Phan tich ciu tric khung vo,
kiéu hé thong treo, kiéu 10p va dat cac
gia thiét;

Budc 2: Binh nghia hé toa do ¢6 dinh
va va cac hé toa do vat;

Budc 3: Tach céu trac hé nhiéu vat va
tién hanh xac dinh ndi luc hé thong treo,
lyc tuong tac gitra 16p va duong;

Buéc 4: Xay dung phuong trinh
Newton — Euler cho cac vat va lién két cac
vat theo cac mo6 dun cua hé;

Budce 5: Giai hé phuong trinh vi phan
bang phuong phép so.

Sau khi giai hé phuong trinh vi phén,
tr cac két qua thu duoc, tién hanh khao sat,
danh gia sy anh huong cua do cimg 16p xe
dén tai trong dong cua xe tai ba cau khi luu
thong trén dudng khong bang phéng.
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Hinh 2: Mé hinh déng luc hoc xe tdi 3 cdu

Phuong trinh vi phan mo ta dao dong
thang dung va goc lac doc cua khoi lugng
dugc treo quanh tryc cy dugc viet nhu
sau:

Phuong trinh dong luc hoc phuong
thang dtng ctia khéi lugng duoc treo:
Me(Ze —@efe) = Foyy + Fryy
+Foy + Fepy+ Fogn+ FpytFen 27)

+Fp+ Fosy+ Fygy + Fogy + Fysg

Phuong trinh dong luc hoc phuong lic
doc cua khdi lugng dugc treo:

J_rc@ic =_(F011 +Fx11 +Fc1z +F::1: )51
+ Fcn +Fx:1 +Fc:z +Fx::)';:
+(F031 +Fx31 +Fes: +Fx;:)‘:3

(2.8)

Hinh 3: Hé toa dé ctia xe tdi ba cdu theo mdt phdng
ngang (YOZ)
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Phuong trinh dong lyc hoc phuong lac
ngang cua khoi lugng dugc treo:

Jxr:n'ée = (FC‘II +F;r:11 _Fcu _F.i:u )“11
+(Foy+Foy —Fopy—Fo)w, (2.9)

Cc2l K

+(Fc31 +F;:31 _chz _FKSJ )“}

- Céc phuong trinh chuyén dong cta
cac cau phuong thing dung, phan khdi
lugng khong duogc treo (3 khoi lugng):

MyZy=Fopn=Fen+Fopn+Fis
- (2.10
_FCEI_FKr'l_FCr'E_FKr'I:I( )
=(1,2,3)

- Céc phuong trinh chuyén dong goc
lic ngang cua cau phan khi lugng khong
duogc treo (3 khoi lugng):

J 45 By =(Fe + Fy = Foy =F) W,
+(-Fyy—Fgy +Fy +E)bai G110
=(L23)

3. Khdo sat danh gia tai trong dong
tac dong lén xe

Mip md mit dudng theo tiéu chuan
ISO 8608:2016 c6 cac loai chit luong
duong khac nhau tir A dén H, trong do
duong loai A c6 chat luong tot nhat va
duong loai H c¢6 chat lwong xau nhét [5].
Trong ndi dung khdo sat nay, tac gid khao
sat khi xe di chuyén trén dudng loai C ¢
chit luong trung binh, dy ciing 1a loai
dudong ma xe tdi thuong xuyén lam viéc
thuong xuyén. Vé6i dic diém 1a loai duong
c¢6 chét luong trung binh, do d6 khi khao
sat xac dinh tai trong dong tac dong lén xe
v6i ham kich dong 1a ham ngau nhién véi
loai duong C, van tdc khao sat tir 30 dén 80
km/h [6], bude nhay 1a 10 km/h.

= 488
ooa9
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475
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Hinh 4: Tdi trong déng bdnh truéc (F, ) trén dudong
logi C, vén téc 30km/h
4
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Hinh 5: Tdi trong déng bdnh sau (F ) trén duong
loai C, vdn téc 30km/h

o 50 100 160 200 2580

= (mj
Hinh 6: Tdi trong déng bdnh truéc (F, ) trén dudong
loai C, vén téc 80km/h

0 50 100 150 200 250
®x(mj
Hinh 7: Tdi trong déng bdnh sau (F ) trén duong
loai C, vén téc 80km/h
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Hinh dnh 4 va 5 mo0 ta tai trong dong
cua xe twong ung tai banh trudc va banh sau
khi di chuyén trén duong loai C, van tdc 30
kmv/h trong quing duong di chuyén 250m.
Dbi voi hinh 6 va 7 mé ta tai trong dong
cua xe tuong ung tai banh trudc va banh sau
khi di chuyén trén dudng loai C, van toc 80
km/h trong quing dudng di chuyén 250m.
Két qua phan tich trén cho thiy véi cing
mot chat luong duong, van tdc cua xe ting
1én thi tai trong dong cua xe tang Ién.

<10

5.2

=0 40 50 (=14} TO g0
WVin tdoxe (kmih)

Hinh 8: Gid tri tai trong déng 16n nhét tai bdnh trudc
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Wan thoxe (kmih)
Hinh 9: Gid tri tdi trong déng I6n nhét tai bdnh sau
(F .../ trén dudng logi C, vdn téc 30-80km/h

z3ma.
Hinh 8 va hinh 9 mo ta gid tri 16n
nhét cua tai trong dong tai banh trudc va
tai banh sau khi xe di chuyén trén duong
loai C khi thay déi van tbc tir 30km/h dén
80km/h. Qua két qua mo ta trén hinh 8, 9
va bang 1 cho thiy cung mdt loai duong
van toc chuyén dong ctia xe 16n hon thi tai
trong dong 16n nhét co gia tri cao hon.
Bing 1: Tong hop gid tri cuc dai cia
tdi trong dong tai banh truoc va banh sau
trén duong logi C phu thudc vao van téc

(F,,...,) trén dudong logi C, vdn téc 30-80km/h
Van toc (km/h) 30 40 50 60 70 80
F e N 50562 | 50761 | 51236 | 51515 | 51696 | 51980
F o N 47216 | 47589 | 47899 | 48293 | 48635 | 48780
Do ctng 16p xe cau trudc co gia tri 1a 1o
C,, =690000N va do ctg 10p xe cau sau c6 51 [—e—z0wmn
—f—40kmih

giatrila C ,=C = 1380000N [1]. Phuong
an thay do6i do ciing 10p xe 1a tdng hodc giam
d6 cimg so v6i do cimg ban dau véi gia tri x
[0,5 = 1,5], bude nhdy co6 gid tri 1a 0,1.

=10*
—— 3 0krmih

5.3

—8— 20kmih
5.25 |—e—50km/h
—#— 50km/h
5 2 |=—#—T0km'h
—&— B0kmih

Bd cirng Iép xe (xCL)
Hinh 10: Tai trong déng I6n nhét déng tai bdanh xe

trudc (F,), véan téc 30-80 km/h

5 |—#—50kmh
—#—60km'h
—&—70kmih

0.5 ‘I 1.5
Béd cirng lép xe (xCL)

Hinh 11: Tdi trong déng I6n nhét déng tai bdnh xe
sau (F_), vdn téc 30-80 km/h
Dua trén két qua tai hinh 10, 11 ¢6 thé
thay rang, véi cung mirc van toc va loai
duong, khi tang do cung 16p xe thi gia tri
tai trong dong 16n nhat F _ tang. Trong
zmax

TAP CHi KHOA HOC | rvsn2%aons



JOLIPI’]CII o]( Science - V L U T E

cung loai dudng, khi ting van toc cia xe
thi gia tri tai trong dong lon nhatF _ cling
ting. Gia tri F| = 52764N khi tang d
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cung lép xe 1,5 1an, van toc 80km/h, gia tri
Fz3ma¥ = 50753N khi tang do cung 16p xe

1,5 lan, véan toc 80km/h.

Bing 2: Tong hop cdc gid tri cwc dai ciia gid tri tai trong dong tai banh truée
max(F_) va banh sau max(F_) voi cung mot loai duong C phy thugc vao van toc va do

cung lop xe
Puwong loai C
D) fl,mg t rTof:lig Vin téc xe (km/h)

16p dong 30 40 50 60 70 80
0.5C |Mex(Fz) | 50103 | 50373 | 50512 | 50591 | 50674 | 50731
TN Imax(Fz) | 46169 | 46225 | 46501 | 46525 | 46835 | 47019
0.6C. |Max(Fz) | 50157 | 50394 | 50599 | 50701 | 50720 | 50884
TN Imax(Fz) | 46370 | 46402 | 46880 | 46982 | 47044 | 47230
oC. |Mmax(Fz) | 50257 | 50475 | 50636 | 50837 | 50973 | 51074
TV Imax(Fz) | 46454 | 46619 | 46882 | 47218 | 47400 | 47825
X0.8C max(Fz,) | 50338 | 50564 | 50745 | 51030 | 51221 | 51314
U |max(Fz) | 46601 | 46896 | 47287 | 47591 | 47980 | 48223
0.9C |Max(Fz) | 50493 | 50576 | 50813 | 51371 | 51440 | 51577
L |max(Fz) | 46970 | 47197 | 47663 | 47659 | 48103 | 48234
c max(Fz) | 50562 | 50761 | 51236 | 51515 | 51696 | 51980
L' |max(Fz) | 47216 | 47589 | 47899 | 48293 | 48635 | 48780
(Lic |mex(Fz) | 50733 | 50778 | 51304 | 51539 | 51765 | 52129
7V Imax(Fz) | 47415 | 47661 | 47929 | 48582 | 48746 | 48976
lac |max(Fz) | 50901 | 50979 | 51431 | 51649 | 51848 | 52256
L Imax(Fz) | 47687 | 47811 | 48070 | 48837 | 49148 | 49355
(lac |Mmaex(Fz) | 51098 | 51160 | 51469 | 51763 | 51969 | 52341
L Imax(Fz) | 47921 | 48072 | 48363 | 49117 | 49380 | 49845
l4C. |mex(Fz) | 51231 | 51302 | 51558 | SI81S | 52061 | 52589
7L I max(Fz) | 48192 | 48304 | 48690 | 49589 | 49873 | 50179
Lsc |Mmex(Fz) | S1312 | 51490 | 51635 | 51850 | 52118 | 52764
L | max(Fz) | 48450 | 48617 | 49044 | 49728 | 49983 | 50753

Nhan xét gia tri tai trong dong cuc dai
cua banh xe trudc trai va banh xe sau trai
tuong ung voi cung loai duong C, gia tri
do cimg 16p xe duoc c¢d dinh va thay doi
toc do xe ting. Tong hop chung cic gid tri
nay dugc md ta trén trong bang 2. Cung
mot loai duong, voi van tde xe tang dan

va cung do cimg 16p xe thi tai trong dong
16n nhét c6 xu hudng ting (PO clng ting
1,5 lan: v = 30 km/h, max(Fz,)= 48450
(N); v = 40 km/h, max(Fz,)= 48617 (N);
v = 50 km/h, max(Fz,)= 49044 (N); v =
60 km/h, max(Fz,)= 49728 (N); v = 70
km/h, max(Fz,)= 49983 (N); v = 80 km/h,
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max(ng) = 50753 (N). (;ﬁng loai duong,
thay doi gia tri d§ cung 10p xe theo hudng
giam v6i cung mot toe do thi tai trong dong
16n nhit c6 xu hudng giam v = 80 km/h: d6
cling ting 1,5‘15n, max(Fz,) = 52764 (N);
d6 cing ban dau max(Fz,) = 51980 (N); do
cung giam mot nita, max(Fz,) =50731 (N).

4. Két luan

Bai bdo da khao sat tai trong dong tac
dong 1én xe tai ba cau véi kich dong mat
duong ngau nhién trén loai dudng trung
binh (C) theo tiéu chuan ISO 8608:2016
[7]. Két qua nghién ctru dd danh gi4, xac
dinh duoc anh huéng cua do ctng 16p xe
dén tai trong dong, khi ting do cing 16p
xe thi tai trong dong tang lén va nguoc lai
khi giam d9 cimg 16p xe thi tai trong dong
giam xudng. Tir két qua phan tich trén, tac
gia dua ra mot s6 nhan xét sau:

- Trén duong loai C, khi tang do cling
lép xe 1én 1,5 1an so v4i d§ cing ban dau,
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tai van toc xe chuyén dong 80 km/h thi tai
trong dong 1on nhat tac dong 1én xe & cau
trude tang lén 1,51%, tai cau sau tang lén
4,05%. Khi d6 cung 16p xe giam xudng
0,5 lan so v6i do cung ban dau, tai van
téc xe chuyén dong 80 km/h thi tai trong
dong 16n nhat tac dong 1én xe ¢ cau trudc
giam xubng 2,46%, tai ciu sau giam xudng
3,74%

- Vi¢c lya chon d6 cting lép xe thi quan
trong trong qua trinh 6 t6 chuyén dong,
d6 cing 16p xe lién quan dén kha ning
chiu tai, dac tinh dong luc hoc, d¢ ém diu
chuyén dong cua xe va dac biét anh huong
dén tai trong dong cia xe.

- Két qua nghién ctru ndy 1a co sé trong
viéc tinh toan thiét ké xe, khuyén céo nguoi
st dung can tudn thii quy dinh vé ap sut
16p xe (d6 cimg 16p xe) theo hudng dan cua
nha san xuat nham ti vu hoa qua trinh sir
dung xe.
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