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MODELING AND VIBRATION SIMULATION OF A TWO-AXLE
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TOM TAT

Bai bao st dung phuong phap tach cdu tric hé nhiéu vat MBS va phuong trinh
Newton-Euler dé xay dung mé hinh va thiét 14p hé phuong trinh dong luc hoc xe tai hai
cau. Nhom tac gia da sir dung phan mém Matlab-Simulink dé khao sat dao dong xe tai
hai cau khi chay trén mat duong ngiu nhién theo tidu chuan ISO 8608:2016 & van toc V=
[30 +~ 80] km/h. Két qua nghién ciru cho thay, khi xe tai hai cdu duoc chat day tai chay
trén cac mat dudng ngau nhién loai B va C & van téc V = [30+80] km/h thi hé s6 tai trong
dong nhod nhét ¢o gia tri 16n hon 0,5; hé s tai trong dong 16n nhét co gia tri nhd hon 1,5
va gia téc dao dong than xe c6 gia tri nho hon 3m/s? nén dao dong xe tai dat yéu cau theo
tiéu chuan ISO 2631-1:1997. Con khi xe chay trén mit dudng loai D & van tdc 16n hon
50km/h hodc trén mat duong loai E ¢ van tdc 16n hon 40km/h thi hé s6 tai trong dong nho
nhat ¢ gia tri nho hon 0,5 va gia téc dao dong than xe co gia tri 16n hon 3m/s? nén dao
dong xe tai vuot qua gidi han cho phép cua tiéu chudn ISO 2631-1:1997, xe khong dam
bao d6 ém diu chuyén dong, do an toan dong luc hoc va do bén.

Tir khoa: Dao dong, xe tai hai cau.
ABSTRACT

The paper used the method of splitting the structure of the multi-body system and the
Newton-Euler equations to build a model and set up a system of dynamic equations of a
two-axle truck. The authors used Matlab-Simulink software to survey the vibrations of a
two-axle truck when running on random pavement according to 1SO §608:2016 at speed
V= [30 =+ 80] km/h. Research results show that when a fully loaded two-axle truck runs
on random pavements of grades B and C at a speed of V = [30+80] km/h, the minimum
dynamic load factor is greater than 0.5; the maximum dynamic load factor is less than
1.5 and the vehicle body vibration acceleration is less than 3m/s2; therefore, the truck
vibration meets the requirements of ISO 2631-1:1997. When the truck is traveling at a
speed greater than 50km/h (on class D road surface) or at a speed greater than 40km/h
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(on class E road surface), the minimum dynamic load factor is less than 0.5 and the
vehicle body vibration acceleration is greater than 3m/s2, so the truck vibration exceeds
the allowable limit of ISO 2631-1:1997, the vehicle'’s movement smoothness, and dynamic

safety and durability are not guaranteed.

Keywords: Vibrations, two-axle truck.

1. GIOI THIEU

Dao dong cua xe theo phuong thing
dimg, lic doc, lic ngang xay ra khi xe chuyén
dong trén duong do tac dong ciia nguoi 1ai va
cac yéu t6 ngoai canh gdy anh hudng xau t6i
ngudi ngdi trén xe, hang hoa va do bén cua
xe [1, 2]. Trong d6 mip mod mat duong duogc
xem 1a ngudn kich thich chinh gy ra dao
dong cua xe trong qua trinh lam viéc. Trong
bai bao nay nhém nghién ctru su dung cac
chi tiéu danh gia dao dong theo tiéu chuan
ISO 2631-1:1997 [3] nhu sau:

- Hé s tai trong dong nho nhat L i

Ldmin (1)

Tiéu chi nay ding dé danh gia kha ning
truyén luc cuia banh xe va do an toan dong
luc hoc cua xe tai. L, . = 0,5 1a giéi han
canh bao; L, . =0 1a gidi han can thiép;

_ 7 zmin

- Hé sb tai trong dong 16n nhat L -

Tiéu chi nay dung dé danh gia do bén,
d0 ém diu chuyén dong va d6 an toan dong
lyc hoc cua xe tai. L, =1,5 la gi¢i han
canh bao; L, =2,5 1a gi6i han can thi¢p;

- Gia téc dao dong 16n nhit cua than
xe theo phuong thing dimg Z . . Ti€u chi
nay dung dé danh gia d6 ém diu chuyén
dong, do an toan cho hang hoa va do bén
cho xe. 7, =3m/s” 1a giéi han canh bao;
7, =5m/s”1a gioi han can thiép.

2. MO HINH PONG LUC HQC

Déi twong nghién ciru ctia bai bao 1a xe
tai Thaco hai cau st dung hé thong treo co
khi kiéu phu thudc, xe tai hai cau thudc hé
nhiéu vat, dé thiét 1ap mo hinh dong luc hoc,
cac tac gia sir dung phuong phap tach cau
trac hé nhiéu vat MBS nhu hinh 1 [4, 5].

Str dung phuong trinh Newton-Euler
dé thiét lap h¢ phuong trinh dong luc hoc
ctia xe tai Thaco hai cu nhu sau [4, 5]:

i = 2 @)
(m+m,, +r(1;1A2)()'c'—t/}y) =F, cosd, +F,,cosd, -F, sind,, -F,, sind, +F, +F,, (3)
(m+my +m)j+yy)=F, siné, +F,,sind, ~F, cosd, ~F,,cos, +F,, +F,, (4)
Jw =, sino,+F,,sino, +Fy11 cos o, +Fy12 cosO,), +(F.,, —F,)b, 5)
+(F,, €080, —F,,cos0, +F, sino,, —F,,sino,,)b, —(F,,, + F,,)l,
mzZ=Fey + Fpy +Fep, +Fyp +Foo + Fiy + Fropy + Fysy (6)
S =1(Fey + Fypy t Fopy Ky )= (g + Fioy + Foy ¥ Ky, )+ (M + My, ) (7)
JxB =Fepn+Fpy —Fop —Fo)W + (Feay + Froy — Feoy — Fro))w, (8)
mAléAl :FCL11+FCL12_FKII_FCII_FKIZ_FC12 9)
JAxlﬁAl = (Fcu +FK11 _Fcu _FKIZ)WI +(Fcuz _FCLll)bl (10)
mA2éA2 = FCL21 +FCL22 _FCZI _FK21 _Fczz _FK22 (11)
JesPBis = (Feay + Fooy = Foy = Fioo)Ws + (Feppy = Frpn)bs (12)
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Hé phuong trinh dong lyc hoc cta bén
banh xe dugc thé hién trong cac phuong
trinh nhu sau [4, 5]:

1P =M an —M gy — Foira (13)
Jap12Pr2 =M p10 =M, — Fiyargn (14)
J ay21P01 = M po1 =M gy — Fp17421 (15)
J ay22P20 =M pyy =M gy = Finolyy (16)

Hinh 1. Mé hinh déng luc hoc xe tdi Thaco hai cdu
3. KHAO SAT VA PANH GIA
St dung phan mém Matlab-Simulink
dé khdo sat anh hudéng cia map mod mat
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duong va van tdc chuyén dong dén dao
dong ctia xe tai Thaco hai cu. Gia thiét xe
tai Thaco hai cau ché ddy tai chay trén céac
mit duong ngau nhién loai B, C, D, E theo
tiéu chuan ISO 8608:2016 [6] & van tbc tir
30km/h dén 80km/h.

Puong A, B, C, D trén d6 thi biéu dién
hé sb tai trong dong nhd nhét tac dung lén
banh xe trude bén trai (L, . ) va bén phai
(L d~mir112) khi xe chay trén cac mat duc‘n}g
ngau nhién loai B, C, D, E theo tiéu chuan
ISO 8608:2016 [6]. Khi xe chay & van tdc
tir 30km/h dén 80km/h trén cac mat dudng
loai B hodc C, hé sb tai trong dong nho
nhit tac dung 1én banh xe trudc cé gia tri
16n hon 0,5, diéu nay cho thdy banh xe dam
bao kha nang truyén lyc va d6 an toan dong
luc hoc. Khi xe chay ¢ van tde trén 70km/h
trén duong loai D hoac 60km/h trén duong
loai E, hé s tai trong dong nhd nhét tac
dung 1én banh xe trudc nam trong ving
gidi han céph bao, 0<L, . <0,5. Khi xe
chay ¢ van toc trén 70km/h trén duong loai
E thi hé sb tai trong dong nho nhét tac dung
1én banh xe trudc nam trong ving giGi han
can thiép, k dmmZO2 lic nay xe khong dam
bao kha nang truyén luc va o an toan dong
luc hoc, khong dat yéu cau theo tiéu chuin
ISO 2631-1:1997 [3].

0.6

Ldmian

0.4

0.2 S=disssD = == E \
- - \

0.0

30 35 40 45 50 55 60 65 70 75 80
V(km/h)

Hinh 2. Hé sé tdi trong déng nhé nhdt ciia bdnh xe trudc trdi va phdi

Hinh 3 1a d thi hé sb tai trong dong
nhod nhat tdc dung 1én banh xe sau bén trai
(L

) va bén phai (L ) khi xe chay

dmin21 dmin22

trén cac mat duong loai B, C, D, E theo
tiéu chuan ISO 8608:2016 [6] ¢ van tdc
tir 30km/h dén 80km/h. Ta thiy, trén céc
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mat duong loai B, C thi h¢ s6 tai trong
dong nho nhét tac dung 1én banh xe sau xe
c6 gia tri 16n hon 0,5 nén xe dam bao kha
nang truyén luyc ciia banh xe va do an toan
dong luc hoc. Khi xe chay trén duong loai
D & van toc 16n hon 60km/h hodc duong
loai E ¢ van toc 16n hon 50km/h thi h¢ so
tai trong dong nho nhat tac dung 1én banh
Xe sau nam trong vung gidi han canh bao;
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con khi xe chay trén duong loai D ¢ van
tdc 16n hon 70km/h hoic trén duong loai
E & van toc 16n hon 60km/h thi hé s6 tai
trong dong nho nhét tic dung 1én banh xe
sau nam trong vung gidi han can thiép, lac
nay xe khong dam bao kha ning truyén
lyc va do an toan dong luc hoc, xe khong
dat yéu cau theo tiéu chuan ISO 2631-
1:1997 [3].
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Hinh 3. Hé sé tdi trong déng nhé nhdt ciia bdnh xe sau trdi va phdi

Theo tiéu chuan ISO 8608:2016 [6],
khi xe chay trén cac mat duong loai B, C,
D va E & van toc tir 30km/h dén 80km/h thi
hé s tai trong dong 16n nhat tac dong 1én
banh xe trudc bér} trai (L, ) va bén phai
(Lypa1n) duoc hién thi trong hin,h 4. Trén
cac mat duong loai B, C thi hé so tai trong
dong 16n nhat tic dung 1én banh xe trudc
xe coO gia tri 16n hon 1,5 nén xe dam bao
do bén, d6 ém diu chuyén dong va dg an
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toan dong lyc hoc. Con khi xe chay trén
duong loai D ¢ van tdc trén 70km/h hodc
trén duong loai E ¢ véan tc trén 60km/h
thi hé s6 tai trong dong 16n nhét tac dung
1én banh xe trudc xe co gia tri 1én hon 1,5,
nam trong ving giéi han canh bao, nén xe
khong dam bao do bén, do ém diu chuyén
dong va d¢ an toan dong luc hoc, theo tiéu
chuan ISO 2631-1:1997 [3].
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Hinh 4. Hé sé tdi trong déng I6n nhdt cia bdnh xe trudc trdi va phai

Khi xe chay ¢ van toc tir 30km/h dén
80km/h trén cac mat duong loai B, C thi hé
sO tai trong dong 16n nhat tdc dung 1én banh

xe sau xe co gid tri lon hon 1,5 nén xe dam
bado dg bén, do ém diu chuyén dong va do
an toan dong luc hoc. Con khi xe chay trén
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duong loai D ¢ van tdc trén 70km/h hodc
trén duong loai E ¢ van tde trén 60km/h
thi hé sb tai trong dong lon nhét tac dung
1én banh xe sau xe c6 gia tri 16n hon 1,5,
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nam trong ving gi¢i han canh bao, nén xe
khong dam bao do bén, d6 ém diu chuyén
dong va do an toan dong luc hoc theo tiéu
chuan ISO 2631-1:1997 [3] (xem hinh 5).
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Hinh 5. Hé sé tdi trong déng I6n nhdt cia bdnh xe sau trdi va phai

Khi xe chay ¢ véan toc tir 30km/h dén
80km/h trén cac mat duong loai B, C thi gia
téc dao dong theo phuong thang dimg 16n
nhét ciia than xe c6 gia tri nho hon 3m/s? nén
xe dam bao do ém diu chuyén dong, do an
toan cho hang hoa va do bén cho xe. Khi xe
chay trén duong loai D ¢ van tdc trén 50km/h
hodc trén duong loai E ¢ van tdc trén 40km/h
thi gia tbc dao dong theo phuong thing dimg
16n nhit ctia than xe 16n hon 3m/s* vuot
gi61 han canh bdo; con trén duong loai D &
vén tdc trén 70km/h hodc trén duong loai E
& van toc trén 60km/h thi gia téc dao dong
theo phuong thiang ding 16n nhit cia than
xe lon hon 5m/s? vugt gidi han can thiép nén
xe khong dam bdo do ém diu chuyén dong,
dd an toan cho hang hoa va do bén cho xe
theo tiéu chuan ISO 2631-1:1997 [3].
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Hinh 6. Gia téc thdng ditng I6n nhdt cta thén xe

4. KET LUAN

Khi xe tai Thaco hai cdu chd diy tai
chay trén cac mit dudng ngiu nhién loai
B, C theo tiéu chuan ISO 8608:2016 [3] &
van toc tir 30km/h dén 80km/h thi hé s6 tai
trong dong nho nhét tac dung 1én banh xe
16n hon 0,5; hé sb tai trong dong 16n nhat
tac dung 1én banh xe nhd hon 1,5 va gia
téc dao dong theo phuwong thing ding 16n
nhat cta than xe nhé hon 3m/s? nén xe dam
bao kha nang truyén luc, d6 ém diu chuyén
dong, do an toan cho hang hoa va do bén
cho xe, xe dat yéu cau theo tiéu chuan ISO
2631-1:1997 [3]. Khi xe chay trén duong
loai D & van tdc trén 50km/h hodc trén
duong loai E & van toc trén 40km/h thi
0<L, .<0)5; 3m/s’<z, <5m/s’vuot
gi61 han canh bao; con khi xe chay trén
duong loai D & van tde trén 70km/h hodc
trén duong loai E ¢ van tdc trén 60km/h thi
L, =0;L, >15; Z.  >5m/s>vuot gidi
han can thiép, luc nay xe khong dam bao
kha ning truyén lyc cta banh xe, 46 ém diu
chuyén dong, do an toan cho hang hoda va
d6 bén cho xe theo tiéu chuan I1SO 2631-
1:1997 [3].
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