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TOM TAT

Tai trong dong 1a mot trong nhimg yéu t6 co tac dong 16n dén sy 6n dinh ciing nhu do
bén cuia cac chi tiét trén 6 t6. Ngoai ra, tai trong dong con gy anh hudng dén su pha hity cc
co s& ha tAng giao thong. Trong bai bao nay, trinh bay két qua khao sat vé anh hudng cua toe
d6 chuyén dong dén tai trong dong xe tai 3 cau. Qua trinh mo phong duoc gia thuyét khi xe
chay v (km/h) =[30;40;...;80;90] va khi di qua c4c bién dang mit dudng c6 d6 cao map mod
ngau nhién khac nhau theo tiéu chuan ISO 8608:2016. Muc dich ctia nghién ciru nay 1a xay
dung mo6 hinh dong luc hoc cua xe tai ba cAu nham khao sat tai trong dong tac dong lén 6 to.
Ung dyung phan mém Matlab-Simulink dé mo phong tai trong dong sinh ra do kich thich tir
cac map mo mit duong ngau nhién véi cac diy tde d6 véan toc khac nhau.

Tiwr khoa: xe ba truc, tai trong dong, ISO 8608:2016, tde do chuyén dong
ABSTRACT

Dynamic load is one of the factors that have a significant impact on the stability and
durability of car components. In addition, dynamic loads also affect the destruction of
traffic infrastructure. In this paper, the survey results are presented on the influence of
the speed of movement on the dynamic load of the three-axles vehicles. The simulation
process is hypothesized when the vehicle is moving at a speed v (km/h) =[30,40;...;80;90]
and when passing through the pavement contours with random elevations. different
according to 1SO 8608:2016. The purpose of this study is to build a dynamic model of
three-axle vehicles to investigate the dynamic load acting on the vehicle. Application
of Matlab-Simulink sofiware to simulate dynamic loads generated by excitation from
random pavement bumps with different speed ranges.

Keywords: Three-axle vehicle, dynamic load, ISO 8608:2016, movement speed

1. GIOI THIEU trong trong mang ludi giao thong ngay nay.
Nhung di doi v6i nhitng loi ich mang lai tur
viéc giao thuong van chuyén hang héa, con
nganh giao thong van tai. Dacbiétlavantai  nowoi di khip cac ving trén ca nudc, véi
duong bd, dugc xem la mot méc xich quan viéc luu thong chua dugc kiém soét hop 1y

Véi su phat trién khong ngimg cia
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cua céc xe tai hang nang diay dugc xem la
nguyén nhan chinh gay nén céc hi¢n tugng
sup lan hu hai duong xa [1,5]. Tac nhan
chinh gy nén hién tuong trén do la cuong
do tai trong dong sinh ra do sy luu thong
v6i tin sudt va tée do cao cua cac xe tai
hang nang gay nén. Viéc nghién cuu céc
yéu t6 anh huéng dén tai trong dong 1a vo
cung cap thiét [5]. Pbi tuong duoc nghién
cuiu trong bai bdo nay la cac xe tai hang
ning ba cau. Chung dugc xem 13 nguyén
nhan chinh giy nén cac van dé vé sup lin,
hu hai co so ha tang giao thong do qua
trinh van chuyén véi toc do nhanh kém voi
¢ khéi luong tai ning di tao nén nhiing
tac dong gdy hai dén ca duong — xe.

Tiéu chuan duong bd ngay nay trong
viéc thiét ké duong cling nhu cau tric cia 6
t6 duoc quy dinh rd rang. Chu yéu dua trén
hai thong s thiét ké dic trung 12 tai trong
tinh va tai trong dong. Tai trong tinh day
1a tiéu chuan dugc xac dinh theo quy udc
chung gitta cac qudc gia. Tai trong dong
thi ngugc lai n6 chiu sy anh hudng bédi su
tuong tac 16p — duong [1,2,5]. Nhitng yéu
t6 anh huong dén tai trong dong c6 thé ké
dén nhu: cdu triic hé thong treo, bién dang
mit duong, van tdc di chuyén,... Nhu vay
tai trong dong phu thudc vao ca xe - duong.

Theo tiéu chuin ISO 8608:2016 [6]
chung ta c6 6 loai mat duong ky hi¢u tir A -
F v&1 h(mm) = [ 800; ...; -600] dugc khao
sat trén quang duong 1000m. Dya vao tiéu
chuan cac loai dudong tuong tng ta ¢ thé
sat mdi quan hé xe - duong.

800 : :
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ISSN 261 5-9945

Hinh 1: Bién dang duéng ngdu nhién theo ISO 8608:2016

C6 nhidu tiéu chi danh gia 4p luc
dudng, nhung trong bai bao nay tac gia lya
cl}()n hé sb tai trong dong cuc dai (k, )
dé danh gid. H¢ s6 tai trong dong cuc dai
(k,,.,) tinh nhu sau [2,5]:

B max(Fy,) <1

dmax

)3 (1)
Gij

2. NOI DUNG

2.1. Xay dung mo hinh

Xe tai ba cAu la mot hé co hoc bién
dang véi cdu trac phirc tap. Trong nghién
ctru nady nhom téc gia str dung phuong phap
tach cdu trac hé nhiéu vat MBS (Multi
Body Systems) dé thiét 1ap mo hinh dong
luc hoc cua xe 6 t6 tai [1,2]. Trong do: m_1a
khdi luong dugce treo; m, , m,,, m a3 1a khoi
luong khong duoc treo ¢ cac cau tuong
mg. i1a s6 cu xe (i=1+2+3); j=1 chi banh
xe bén trai; j=2 chi banh xe bén phai. (Z )
c}luyén dong t}leo phuong thél}g dung; (GSy)
lac doc; (6 ) lac ngang ctia khoi lugng duge
treo; F }uc dan héi hé théng treo; F h{c
giém’chén h¢ thong treo; F, 1}_10 dan hoi
cua 1op; F, | luc giam chén cta 16p; 1,11, 1a
khoang cach toa dd trong tam cua xe.

Hinh 2: M6 hinh déng luc hoc 6 t6 tdi ba cau

Nhom tac gia ung dung phuong trinh
Newton-Euler cho h¢ khoi lugng dao dong
cua vat [1,2]. ta thiét 1ap duoc hé phuong
trinh vi phan dao dong ctia hé bao gom 9
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phuong trinh nhu sau:
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mcjé:Fcu +FK11 +FC12 +FK12 +FC21 +FK21 +F022 +FK22 +F031 +FK31 +FC32 +FK32 (2)
Jyesy :ll(FCll +FK11 +F012 +FK12)_12(FC21 +F1<21 +Fczz +FK22)_13(FC31 +F1<31 +FC32 +FK32) (3)
Jx‘gsx :(Fcu +F1<11 _Fc12 _FKIZ)d+(FC21 +F1<21 _Fczz _FKZZ)d+(FC3l +FK31 _Fc32 _FK32)d (4)

I I R R T U DA (%)
Tl = Foyy + Fiyy = Fey = Fy)d + (Foyy + Fygpp = Fryyy = Fg))B (6)
M7 =Foy + Foy + Fryy + Foyy = Fryy = Fryy = Fryy = Fry (7)
J o0y = (Foyy + Fyyy = Frpy = Fyy)d +(Fepy + Fyy oy = Foyoy = Fy))B (®)
M 3245 = Fopsy + Fruay + Fousy + Frag = Fesn = g = Fesn = Fin ©)

‘]xASéAS = (FC31 +FK31 _chz _FK32)d + (FCL32 +FKL32 _FCL31 _FKL31)B

2.2. Két qua khao sat

Tac gia sir dung phan mém Matlab —
Simulink dé tién hanh khao st tai trong
dong ctia xe tai ba cau khi cho xe chay trén
cac dang duong véi mat duong c6 ham kich
dong ngau nhién. Cac diéu kién khao sat nhu
sau, xe tai ba cau chd hang ddy tai chuyén
dong thing & cac diy toc do khac nhau
30km/h, 40km/h, 50km/h, 60km/h, 70km/h,
80km/h, 90km/h. Trén céac loai dudng C-D-
E-F theo tiéu chuan ISO 8608:2016.

2.2.1. Khao sat tdi trong dong

Tl hinh 3 dén hinh 8 1a d6 thi md ta
trong dong tac dung theo phuong thiang ding
1&€n banh xe tai vi tri banh trudce trai (Fz11)
va banh sau trai (Fz3/ cua xe tai ba cau.
Khi di chuyén véi van toc 50km/h, 70km/h,
90km/h trén cac dang mat duong C-D-E-F
theo tiéu chuan ISO 8608:2016. Tuong tmg
trén quang duong khao sat 250m.

Hinh 3: Tdi trong déng tai bdnh truéc bén trdi (Fz11)

10

(10)

trén cdc logi dudmg C-D-E-F, vin téc 50km/h

x10°

X (m)
—C—D —E —F
Hinh 4: Tdi trong déng tai bdnh sau bén trdi (Fz31)
trén cdc loai dudng C-D-E-F, vén téc 50km/h
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Hinh 5: Tdi trong déng tai banh trudc bén trdi (Fz11)
trén cdc loai duéng C-D-E-F, van téc 70km/h
x10°
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Hinh 6: Tdi trong ddng tai bdnh sau bén trdi (Fz31)
trén cdc loai dudong C-D-E-F, vin téc 70km/h

25 x10°

X (m)

- =————p ——E =—F
Hinh 7: Tdi trong déng tai bdnh truéc bén trdi (Fz11)
trén cdc logi dudmg C-D-E-F, vin téc 90km/h

Hinh 8: Tai trong déng tai bdnh sau bén trdi (Fz31)
trén cdc loai dudmng C-D-E-F, vén téc 90km/h
Qua db thi khao sat trén cho ta thiy khi

xe tai hang ning di chuyén véi cac tc do
khac nhau trén bién dang mit dudng ngau
nhién theo tiéu chuan ISO 8608:2016. Véi

tai trong dong dat tai banh trudc bén trai
(F,,); v=>50km/h cuc dai ¢ bién dang duong
C va D khoang (180000 — 187000) N; ¢ bién
dang mat duong E khoang cuc dai 198000
N va 6n dinh & mutc 185000 N. & bién dang
mit duong E khoang cuc dai 217000 N va 6n
dinh & mac 190000 N; v = 70km/h cuc dai
o bién dang duong C va D khoang (183000
— 195000) N; & bién dang mat duong E
khoang cuc dai 208000 N va on dinh & muc
187000 N. ¢ bién dang mat duong E khoang
cuc dai 224000 N va on dinh & muc 195000
N; v =90km/h cuc dai ¢ bié€n dang dudong C
va D khoang (180000 — 191000) N; & bién
dang mat duong E khoang cuc dai 209000
N va 6n dinh & mirc 201000 N. O bién dang
mat duong E khoang cuc dai 239000 N va
6n dinh & mitrc 212000 N. Con véi tai trong
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dong dat tai banh sau bén trai (F ,); v =
50km/h cyc dai ¢ bién dang duong C va D
khoang (165000 — 172000) N; ¢ bién dang
mat duong E khoang cuc dai 184000 N va
on dinh & mic 168000 N. O bién dang mit
duong E khoang cyc dai 205000 N va 6n
dinh & muc 178000 N; v = 70km/h cuc dai
0 bién dang duong C va D khoang (168000
— 178000) N; & bién dang mat duong E
khoang cuc dai 198000 N va 6n dinh ¢ mirc
172000 N; ¢ bién dang mat duong E khoang
cuc dai 214000 N va 6n dinh & mutrc 191000
N; v =90km/h cyc dai ¢ bién dang duong C
va D khoang (166000 — 177000) N; & bién
dang mat duong E khoang cuc dai 195000
N va 6n dinh & mtrc 192000 N, & bién dang
mat duong E khodng cuc dai 228000 N va
6n dinh & mitc 210000 N.

2.2.2. Khao sat tai trong dong cuc dai

Pé c6 thé nhan thiy rd hon sy anh
huong ciia van toc dén tai trong dong xe
tai ba cau thi hinh 9 va hinh 101a &6 thi tai
trong cuc dai tdc dung 1én banh xe trudc
trai va sau trai tuong ng vdi cac gia tri van
téc khi xe tai hang niang ba cau di chuyén
trén cac loai dudong khéac nhau.
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Hinh 9: maxFz11 phu thuéc vao vén téc chuyén déng
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Hinh 10: maxFz31 phu thuéc vao vén téc chuyén déng

Tu két qua khao sat cho ta théy, co su
tach biét 1o gitta duong biéu thi gia trj tai
trong dong cuc dai cua xe tai khi cho xe
chay voi toe d6 ting dan trén loai duong
F (rit xdu) so voi cac loai duong khac
(C-D-E). Céc gia tri tai trong dong cuc
dai co xu huéng ting dot bién. (P6i véi
duong C: v=30 km/h maxF = 200009.5
N; maxF , = 205004.5 N. duong C: v=30
km/h maxF = 179078.9 N; maxF =
163493.5 N. so véi duong F: v=90 km/h
maxF = 260462.3 N; maxF , = 243124.8
N; duong C: v=90 km/h maxF = 186880.7
N; maxF = 172910 N). Céac gia tri tai
trong cuc dai khi khao sat

2.2.3. Khio sat hé s tai trong dong
cuc dai

Trong phan nghién ciru nay, tic gia tién
hanh khao sat h¢ so tai trong dong cuc dai tac
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dong 1én banh xe trude trai (K, 11) va banh
sau trai (K, ). DO thi hinh 11 biéu thi gia
tri (K, .. va do thi hinh 12 biéu thi gia tri
( dmax31) tuorng ung voi tir loai du’o*ng va van
toc di chuyén cua xe. Thong qua do thi gitip
ta c6 cai nhin tO quan céc gia tri tai trong dong
cuc dai tdc dung tai cac banh xe dugc xét theo
cac loai duong va van toc khac nhau. Bang 1
14 bang tong hop cac gia tri tai trong dong cuc
dai theo vén toc va loai duong.
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Hinh 11: K,
16

1, Phu thuéc vao véan téc chuyén déng

ot

2 ot
E 1ag
Y,
1.2
“ é ........... Qrennnnnnnns Qrerennenes ?. .......... %
1 M M ‘
* “0 50 60
Van téc (km/h)
Hinh 12:K,,,;, Phu thudc vaovén téc chuyén dong

Bang 1: Tong hop hé sé tdi trong dong cuc daz tac dung lén banh xe trucc trai

(K, ) vabanh xesau trdai (K,
tiéu chuan ISO 8608:2016

3)) P thuge vao téc do di chuyén va logi dwong theo

Logi | HEsO ti Vin téc (km/h)
duon trong dong
£ cuc dai 30 40 50 60 70 80 90
c K, . 1.0267 | 1.0358 | 1.0478 | 1.0477 | 1.0515 | 1.0559 | 1.07143
P 1.0256 | 1.0389 | 1.0503 | 1.0565 | 1.057 | 1.0614 | 1.08467
b K, . 1.0658 | 1.0787 | 1.0876 | 1.1011 | 1.122 | 1.1315 | 1.1386
K, . 1.0587 | 1.0895 | 1.0911 | 1.0981 | 1.1151 | 1.148 | 1.15023
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K, ., |1.1358]1.1466 | 1.1673 | 1.1866 | 1.198 | 1.2014 | 1.21389
: K, . | 1.097 | 1.1575 | 1.1897 | 1.2352 | 1.2436 | 1.2448 | 1.26811

K, ., |1.1467|1.2868 | 1.3885 | 1.4349 | 1.4352 | 1.456 | 1.49329
g | 1286 | 13432 | 1.4527 | 1.4403 | 1.4421 | 1.4516 | 1.52513

Nhin vao cac gia tri khao sat duogc
liét ké trong (Bang 1) vé hé sb tai trong
dong cuc dai cho ta théy 16 vé hé sd tai
trong dong cuc dai tac dung tai banh xe
trude trai va sau trai. Tuong Uing voi cac
bién dang mit dudng ngau nhién va phu
thudc chinh vao cac gia tri van tdc khi xe
di chuyén. Hé s6 tai trong dong cuc dai
dat gi4 tri 1on nhat khi xe di chuyén véi
tdc d6 90 km/h chay trén mat duong loai
F (rat x4u) 1a 1.52513.

Tir cac két qua dua ra (Bang 1), ta c6 thé
nhan xét chung rang khi xe chay trén ciing
mot loai dudng va vén toc xe tang 1én theo
tuyén tinh thi dong nghia véi viéc hé sb tai
trong dong cuc dai cling tang theo. Xét h¢
s6 tai trong dong cuc dai tai banh sau trai
K, . 0 cacbiéndang duong Cva D véi gia
tri khoang (1.03 - 1.08< 1.3; 1.06 - 1.15 <
1.3); & cac bién dang duong E va F khoang
(1.14-1.27<1.3; 1.15-1.53 > 1.3).

Tom lai loai dudong cé bién dang mat
duong rat xdu (loai duong F) theo tiéu
chuan ISO 8608:2016 thi véi van tc 90
km/h s& gay nén hé s6 tai trong dong cuc
dai 16n nhat gay tic dong manh 1én cé hai
banh xe trudc va sau trai dugc xét tai day
¢6 nguy co hu hai két cau chi tiét xe.

3. Két luan

Khi xe tai ba cau cho day tai chuyén
dong thang vai cac gia tri van toc thay doi tir
30km/h, 40km/h, 50km/h, 60km/h, 70km/h,
80km/h, 90km/h, trén cac loai duong C-D-

E-F theo tiéu chuan ISO 8608:2016. Thi hé
s6 tai trong dong cuc dai7 K, .1, tai trong
dong Fzij va phan luc thang ding cuc dai
tac dung 1én cac banh xe maxFzij c6 sy phan
hoa rét 16 rét. Xét loai duong C va D ting véi
cac gia tri van tdc xét & trén cho ra cac gia tri
thong s6 khao sat thdp hon nhiéu so véi loai
duong Eva F.

Tir d6 cho ta thdy khi xe di chuyén
trén cac dang mit dudng cang xau véi van
toc cang cao thi s& gdy nén tai trong dong
cang 16n. Hé sb tai trong dong cuc dai tai
hai banh xe trudc trai va sau trai (1.03 -
1.08; 1.06 - 1.15) < 1.3 trén bién dang mat
duong C — D véi vén tdc tuyén tinh tang
dan tir [30;40;50;60;70;80;90] km/h van
nam trong giéi han cho phép, con ddi véi
bién dang mit duong E — F ciing véi toc
do trén (1.14 — 1.27<1.3; 1.15 - 1.53 >
1.3), thi v&i dudng loai F (rat xdu) da vudt
ngudng gidi han.

Tuy mtrc d¢ vuogt khoi ngudng gidi
han cho phép chua cao nhung véi diéu kién
hoat dong thuong xuyén voi cong suét 16n
clia xe tai ba cau thi viéc phan lyc thing
dung nay sé gay ra hu hong céc chi tiét ddi
v6i két cau xe va co thé gay hu hong lam
xubng cip bé mat duong cang nhanh. Két
ludn véi cac khao sat ¢ trén, gitp ta biét
rang sy anh huong cua vén tée két hop voi
muc d6 xau ctia mat dudng s& giy ting gia
tri ti trong dong, gdy ra rat nhiéu hu hong
cho ca duong va xe.
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