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Tom tat

V6 cau chii déng c6 chire nang dé toan bé phan
trong lwong phia sau cua 6 t6 va chju cac tdi trong
tir tiwong tac banh xe véi dwong. O t0 thirong
xuyén 1am viéc trén dwong xdu nén vé cau chiu
Cac tdi trong bién thién lién tuc véi bién dé lon.
Khi xe di chuyén trén nhaiing logi duwong khac khau
hodc khi banh xe gap phdi cac map mé mét duong
khac nhau thi xudt hién tdi trong dong tac déng
1&n vé cau chu dong lam anh hudng dén dg bén
ciia Vo cau va céc chi tiét khac trén 6 to. Bai bao
trinh bay céc két qua khao sat anh huong ciia do
cieng va hé sé can giam chan hé thong treo dén tdi
trong déng tac dong 18n xe tdi 1,25 tdn khi xe di
qua dwong map mé dinh dang. Két qud nghién ciru
lam co sé dé xuat lya chon theo hwéng giam tdi
trong dong tdc déng 1én vo cau.

Tirkhoa: D¢ cing, hé so can giam chdn, tdi trong
dong, Vo cau.

Abstract

Drive axle housing has the function of supporting the
entire weight of the car and bearing the loads form
wheel interaction with the load. Vehicle often work
in the bad roads, so axle housing sheel is subjected
to the continuously variable loads with a large
amplitude. When the vehicle moves on different road
or when the wheel encountered different surface
roughness appears the dynamic load on the active
axle house effect the durability of the axle house and
other vehicle details. This paper presents the survey
results effect of stiffness and damping coefficient
suspension system to dynamic load acting axle
housing 1.25 ton truck when the vehicle has passed
the bumpy format. The research results underlie
suggest select the basis to reduce the dynamic load
acting the axle house.

Keywords:  Stiffness, coefficient,

dynamic load, axle house.

damping

1. Mé dau

Tai Viét Nam, xe tai nho duoc sir dung rét nhidu
trong viéc van chuyén hang hoa, xe cé tai trong nho
nén rat thich hop trong viéc luu thong trén cac duong
nho, duong nong thon. Trong khi d6 cac cung duong
ndy ¢ nudc ta con chua hoan thién, nhiéu noi mit
dudng chwa bang phang véi do map mo 16n. Do do,
khi xe chay trén duong s& xuét hién cac tai trong dong
tac dong 1én vo cau chu dong 1am anh huéng dén do
bén cua chi tiét [1]. Do do, viéc xac dinh tai trong
dong tir mat dudng tac dung 1én vo cau chu dong trong
diéu kién 1am viéc thuc té cua xe nham lam théng sé
dAu vao xac dinh do bén cua chi tiét.

Bai b&o thuc hién nghién ctu nham xay dung
phuong phap xac dinh anh huong cua do cing va hé
s6 can giam chan cua hé thong treo dén tai trong
dong tac dung 1én vo cau cha dong khi xe di chuyén
trén bé mat map mé mat duong dinh dang. M6 hinh
dong luc hoc dao dong cua xe trong khong gian gém
7 bac tu do.

2. M6 hinh dgng luc hoc xac dinh tai trong
dong tac dong lén vé cau chi dgng

2.1. M6 hinh khéng gian

Trong nghién ciru nay mé hinh dugc xay dung trén
xe tai 1,25 tan 2 cau gdm cau trude la cau dan hudng,
bi dong, cau sau la cau chu dong. DBé xay dung md
hinh dao dong cua xe, ta ¢ cac gia thiét sau [1]:

- M6 hinh 6 t6 tai nhe 1,25 tin ¢6 2 tryc la d6i xing
theo truc doc cua xe.

- Than xe dugc xem nhu mot tam phang cé khoi
luwong ms dat tai trong tdm than xe. Trong bai toan xét
dao dong cua xe khi chuyén dong thing, than xe c6 3
chuyén dong (3 bac tu do) bao gém: Chuyén dong tinh
tién theo truc thang dimg z va 2 goc xoay tuong Gng:
Ay (goc ldc doc - quay quanh truc ngang y), @ (goc
lc ngang - quay quanh truc doc x).

- C4c cau xe (Cau trudc - 1, cAu sau - 2) |4 cac khdi
luong khong dugc treo duge xem nhu cac thanh phang,
c6 khéi Tugng my1, my, dit tai trong tm cua ching.
MGi cau xe ¢6 1 chuyén dong tinh tién theo truc thang
dung (Zu1, Zw) va 1 chuyén vi géc lic ngang quanh
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truc doc (G, 6:). Bé qua goc xoay cua cau xe theo
truc thing dimng va truc ngang.

- Than xe dugc ndi véi cac cau xe thong qua hé
thong treo (dic trung boi cac do cung C va hé sé can
giam chan K. Trong mat phang doc, chi s6 1- trudc; 2-
sau; Trong mat phang ngang chi s6 1- tréi, 2- phai).

- Cau xe lién két v6i mat duong bang banh xe dan
hdi, dic trung boi cac do cung Cp va hé sb can giam
chan KL.

- Bo qua tac dong cua gié dén chuyén dong cia xe,
banh xe tiép xuc diém voi mat duong.

Hinh 1. M hinh dpng luc hoc xe tdi hai cdu trong
khéng gian

2.1. M6 hinh dgng luc hoc

Ung dung phuong trinh Newton - Euler cho 3 khéi
lwong dao dong gom: Khéi lwong duoc treo (chuyén
d6ng tinh tién theo phuong Z (Zs); chuyén dong xoay
quanh truc X (@), chuyén dong xoay quanh truc Y
(0)); Khéi lugng khong dugc treo cau trudc gom
chuyén dong tinh tién theo phwong Z (Zu1), chuyén
dong quay quanh truc X (61); Khéi lugng khong dugc
treo cAu sau gom chuyén dong tinh tién theo phuong
Z (Zw2), chuyén dong quay quanh truc X (0,2).

Hé phuong trinh dao dong thiang ding cua xe khao
sat dugc mo ta nhu sau:

mZ, =K, (Z,+6,, +0,0-Z,,-0,0)-C, (Z,+6,}, +6,0-Z,, -0,

o 1)
Ky (Z,+0,,-0,d-7,,+6,d)-C, (Z,+0,},-0,0-2,,+0,0)
_K21 (Zs _ésylz _ésxd - Zu? + éuzd)_cﬂ (Zs - (gsylz - (gsxd - ZuZ + Guzd)
_KZZ (Zs _9sy|2 -Hg.sxd _Zuz _9u2d)_c22 (Zs _esylz -Hgsxd _ZuZ _euzd)
3,0, =K h(Z,+0) +0,0-2,-0,d)-Co (2, +0,), +0,d -2, -0, @)

Kb (Z,+0,)-0,8-2,+60,d)-Cyl (2, +6,),-0,0-2,,+0,d)
Koy (2,-0,),-0,0-2,,+0,d)+C, ), (2,-0,],-0,d-Z,,+0,4)
Koy (2,-0,),+0,d-Z,,-0,8)+Cly (2,0, +0,d-7,,-0,d)
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3,0, =K d(Z,+6, +6,d-Z,,-6,d)-C,d(Z,+6,}, +6,d-Z,,-6,d)
+Kd(Z,+0,, -0,d-7,,+6,d)+C,d(Z,+6,, -0,d-Z,,+6,d)
+0,0-Z,,-6,4)-C,d(2,-6,1,+6,d-2,,-6,d)
-0,d-2,,+6,4)

©)

-Kyd(Z,-6,)

sy'2
Ko (Z,-6,0,-6,d-2,,+6,d)+C,0(2,-6,),
mu1Zu1 =-K, (Zul + guld - Zs - gsyll _ésxd)_cu (Zul +6,d-Z, _‘9sy|1 - ‘gsxd) (4)
’Kn(zm ’éuld ’Zs "ésyll + esxd)’cn (Zul ’0u1d -Z 705y|1 +0$xd)
Ky, (zul Jr0‘;11‘3 - hlZ)_CLH (Zul +0,B- hu)_ Kiy (Zul - éulB _hn)
_Cm(zm _‘9\41B_hu)

‘]uleul = _Klzd (Zul +9u1d _Zs - gsyll _ésxd)_cﬂd (Zul t euld - zs _esyll _asxd)

L ®)
+K,d(2,-0,4-Z,-6,,+0,d)+C,0(2,-6,d-7,-6,), +6,d)
’KuzB(Zui*QlB’hlz)’CL1zB(Zu1+€u1B’nz)+KLnB(Zul’éulB’hn)
+C.,B(Z,-0,8-h,)

M2y =—Ka(Zy~0,8-2,+0,),+0,0)-Cy (2,,-0,0-Z,+6,1,+0,d) ©)
Ky (230,82, +6,),-0,d)-Cyy (2,,+0,4-Z,+6,1,-6,d)

_KLZI(ZUZ +9uZB_h21)_CL21(Zu2 +9uzB_h21)_ KL22 (ZUZ _guzB_hzz)
’CLzz(Zuz ’auzB’hzz)

by =Ko (2,,-0,0 -2, +0,),+0,d)-C,d (2,,- 0,4 - Z,+0,),+0,d) ©)
-6,d)

’KL21B(Zu2 +H‘uzB - hn)’CLZlB(Zuz t guzB - hzl)+ KLZZB(ZuZ - guzB ’hzz)

JrCLZZB(Zuz ’auzB’hzz)

+K,,d (2“ +6,4-2.+6,)

512

~0,d)4Cy (2, 40,0 -2, +6)

sy'2

2.2. Céc thdng sé dau vao ciia md hinh

Pé tién hanh khao séat hé phuong trinh vi phan dao
dong cua xe, tién hanh xac dinh c4c théng sé dau vao
ctia phuong trinh. Viéc xac dinh céc thong sé dau vao
clia phuong trinh duoc tién hanh nhu sau: Céc thdng
s6 hinh hoc cua xe dwoc xac dinh bang phuwong phap
do tryc tiép trén xe, cac thong sé do ctng twong duong
cua 16p trudc va 16p sau; do cing va hé sé giam chin
cta nhip trude, nhip sau dugc tham khao tai liéu [1].

3. Kich dong map md mat dwong gay ra tai
trong dong

C6 nhiéu ngudn kich thich gay ra tai trong thing
dung tac dung 1én 6 t6, cAc map mo cua bién dang
duong 1a nguon kich dong chinh gay ra tai trong dong.
Tai trong dong cua 6 to anh hudng dén nhiéu tinh nang
khai thac, dac biét anh huéng dén tinh ém diu, an toan
chuyén dong va d6 bén l1au cua chi tiét. Khi nghién
cliu Vé tai trong dong thang dung tir mat duong tac
dong 1én vo cau chi dong thi ¢o map mé bién dang
mat dwong 14 rat can thiét. Trong nghién ciru nay, tac
gia st dung map moé don dang sin dé khao sat do co
két cau don gian d& du bdo qui luat két qua, chidu cao
ctia map mo duge tinh theo cong thic [3, 5]:
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1Hm(l—cos[zni]] khi O<x<L, 8)
h(x) =1 2 L,

0 khi x<0 , x=L,

Khi van téc khong doi cua xe 1a v thi chiéu cao
map md theo thoi gian duoc tinh theo cong thic:

Bdng 1. Cac théng sé mé hinh 1

TT | Kyhiéu | DPonvi Gia tri
1 ms kg 2800
2 Jsx Kgm? 4403
3 Jsy Kgm? 16645
4 Jui Kgm? 285
5 Juz Kgm? 335
6 Cu N/m 175000
7 Cu N/m 175000
8 Ca N/m 326000
9 C2 N/m 326000

10 Ciu N/m 350000

11 CL12 N/m 350000

12 CLa N/m 652000

13 CL22 N/m 652000

14 Ku Ns/m 6090

15 K12 Ns/m 6090

16 K21 Ns/m 7675

17 K22 Ns/m 7675

18 Kiu Ns/m 7985

19 KLz Ns/m 7985

20 KLa1 Ns/m 8640

21 Ki22 Ns/m 8640

22 Mu1 kg 300

23 Mu2 kg 400

24 d mm 500

25 B mm 700

26 | mm 2670

27 Iy mm 1750

28 I2 mm 920
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1Hm(1—cos[27rl\_/tmD ki 0<wvt<L, (9

ht)=12

0 khi vt<0 vt>L

m
Trong d6: Hm 1a chiéu cao map mé cuc dai. Hn =

0,1m; Ly 1a chiéu dai map md (Ln = 0,5 m); v 1a van
téc chuyén dong cua xe.

0.1 T T T T
— 0.075------- R S —— N A
E 005L-cco-o- AL O Lo\ oo
£ 1 1 1 1
T 0.025k ooyl LS [ -
0 : : : :
0 0.1 0.2 0.3 0.4 0.5

Hinh 2. Mdp mo mdt dwong md ta theo chidu dai

4. Két qua khao sét

Trong nghién curu nay, tac gia khao sat truong hop
2 bén banh xe sau dong thoi gap phai map mo. Van
téc chuyén dong cua xe duge thay doi tir 20km/h dén
60km/h, xe chuyén dong thing, ché day tai khdng co
cac thanh phan lyc ngang tac dung. Do hai banh xe
sau tiép xuc déu dong thoi 18n hai mip mé, do do luc
tac dung lén v6 cau sau bén trai s& bang luc tac dung
I&n vo cau sau bén phai. Cac két qua khao sat 1a cac
thanh phan tai trong dong thing dung (Fz1, Fz2) dat
Ién vo cau. Ngoai ra, trong nghién ctru nay ciing danh
gia vé gia tri cuc dai cua céc tai trong dong (max(Faz1,
F22)).

4 x10%

0 05 1 1.5
Time (s)
Hinh 3. Tdi trong déng theo phwong thing dimg Fz
(v = 60 km/h) khi hai banh sau gdp phdi map md

Két qua trén Hinh 3 mo ta lyc thang dung tai 1
bén nhip tng véi cac ché @6 van téc van téc v =
60km/h va Hinh 4 mo ta sy thay d6i cua gia tri tai
trong dong cuc dai thing diing tng Vi cac gid tri
van téc v = 20 + 60 (km/h). Cac két qua cho thay
dung quy luat vat ly: Khi van tc chuyén dong cua
xe tang 1én, gia tri tai trong dong thang dtng sé tang.
Véi van toc v = 60km/h, gié tri cuc dai cua tai trong
thing dung Fy, 1a 38827N.
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40

20 30 40 50 &0
Van toc xe (km/h)

Hinh 4. Tdi trong dgng cuec dai theo phwong thing
dirng khi hai banh sau gégp phdi map md

Hinh 5 mo ta gia tri hé sb tai trong dong thang
dung ng voi céc toe do xe v = 20 + 60 (km/h). Vi
van toc 60km/h thi hé sé tai trong dong c6 gia tri 1,72.

1 24

20 30 40 a0 &0
Van toc xe (km/h)

Hinh 5. Tdi trong dgng cuc dai theo phwong thing
dirng khi hai banh sau ggp phdi map mo

Biéng 2. T4i trong déng curc dai theo phuong thing diing
va hé sé tdi trong dgng thay déi theo téc dg ciia xe

V?Er;‘;;)xe Faomax (kN) Ka
20 27 121
30 30 133
40 33 1,44
50 36 1,60
60 39 172

4.1. Anh hwéng ciia d cing treo sau C;

Do cing hién tai cua hé thong treo ciu sau la (C,
= Cy1 = Cao= 326kN/m), khi thay ddi d6 cing hé théng
treo sau c6 gia tri tir 100 dén 500kN/m, cac thong s6
khéc khong thay doi. Trong khao sat nay twong tu
truong hop khao sat trén, ta xac dinh cac gia tri va
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danh gia anh huong cta d¢ ciing hé thong treo dén tai
trong dong tac dong Ién vo cau.

Bing 3. Tii trong dpng cue dai theo phwong thing

diing thay déi theo téc dg ciia xe va dj ciing

hé théng treo sau
Fz2max
C. (KN/m)
van téc 100 | 200 | 300 | 400 | 500
xe (km/h)
20 27,7 | 279 | 28,0 | 28,1 | 28,3
30 31,8 | 320 | 321 | 322 | 324
40 354 | 355 | 356 | 35,7 | 358
50 39,9 | 40,1 | 40,2 | 40,3 | 40,4
60 43,1 | 43,4 | 435 | 43,7 | 439
55 —s—v=20kmh
—s—v=30kmh
50 —o—v =40 kmmh
—o—v=501mMh
P —e— = 60 kmh
243
= —————
g 40 o * + o ad
&
=35 o———pt——o——0

100 200 300 400 500
€2 (KN/m)

Hinh 6. Fromax khi thay déi dp cimg Cz ciia hé théng
treo sau (v = 20 - 60km/h)

Hinh 6 thé hién két qua khao st anh huong caa do
cting C, cua hé thong treo sau dén tai trong dong cuc
dai thang dung tir mat duong tac dong 1én cac banh xe
sau, van toc khao sat tir 20 + 60 (km/h). V&i mdi gia
tri van toc khao sat, khi C, ting dan, gid tri tai trong
dong cuc dai ciing ting dan. Nhu vay, khi tang do
cting cua hé thong treo sau sé lam ting gia tri tai trong
dong tac dong dén xe va duong, viéc ndy sé anh huong
xau dén do bén cua vo cau, cac chi tiét trén xe va anh
huong xdu dén cau duong. Chinh vi thé, trong thiét ké
nén giam do cing C, cua hé thong treo sau.

Hinh 7 thé hign két qua khao sat anh huong cia do
cting C; cua hé thong treo sau dén hé sé tai trong dong
tac dong I1én vo cau cha dong cua xe khi 6 to chuyén
dong hai banh sau gap phai map mé, van toc khao sat
tir 20 = 60 (km/h). V&i van téc chuyén dong cua xe v
= 60km/h, hé sb tai trong dong c6 gia tri 1,95.
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Bdng 4. Hé s tdi trong déng thay déi theo téc dp ciia
xe va dj cieng hé thang treo sau
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Bing 5, Tii trong dng cuc dai theo phuong thing dimg
thay déi theo toc dp ciia xe va hé s6 cin gidm chin

Kd FzZmax
C, (KN/m) Kz (kNs/m)
Van téc 100 | 200 | 300 | 400 | 500 Van téc 100 | 200 | 300 | 400 | 500
xe (km/h) xe (km/h)
20 123 | 124 | 1,24 | 1,25 | 1,26 20 265 | 26,3 | 26,1 | 25,9 | 25,8
30 141 | 142 | 1,43 | 1,43 | 1,44 30 295 1298 | 30,4 | 30,6 | 31,0
40 157 | 1,58 | 1,58 | 1,59 | 1,59 40 32,1 1324|329 | 330 | 334
50 1,77 | 1,78 | 1,79 | 1,79 | 1,80 50 355 | 357 | 36,1 | 36,7 | 36,8
60 1,92 |1 1,93 | 1,93 | 1,94 | 1,95 60 379 | 38,1 | 385 | 39,0 | 39,2
—a—v =20 km'h
2.4 —e—1=30kmh 48 ——v=20kmh
——r = 40 km'h ——7 =30 lm/h
22 —a—1 =50 ken'h =—o—v=40km
— = o _ —#—v = 50 lkkm/h
2 "ﬁﬂ“’lh: : % 4y —*v=60kmh
% 18 o < = +— ‘E‘ °\o—__o__o____o
16 pep—-p—eo—-o i .—__—.—__"—F—-—o
1.4 o—e * * * R ———— .
i - w
12 @ - » ——a _ I
1 24
100 200 300 400 500 10 13
C2 (kN/m) K2 (kNs/m)

Hinh 7. Hé sé tdi trong dpng ka khi thay déi dé
ciing Cz caia hé théng treo sau (v = 20 - 60km/h)

4.2. Anh hwéng ciia hé sé can Ko

Thong sé duoc khao sat tiép theo 1a hé sb can cua
hé thong treo sau K,. Gid tri hién tai cua hé sb can hé
thdng treo treo sau 1a K, = Ky; = Kyp= 7675Ns/m, khi
thay ddi gia tri hé s can hé thdng treo sau tir 10 dén
18 (kNs/m), céc thong s6 khac khong thay ddi. Trong
khao sat nay ché do chuyén dong cua xe ciing twong
tu nhu cac ché do khao sat trén, két qua khao sét ta
cling xac dinh dugc tai trong dong cuc dai tac dong
1&n vo cau, hé s tai trong dong cuc dai (Kq).

Hinh 8 thé hién két qua khao sat anh huong cua hé
s6 can giam chin K, cua hé thong treo sau dén tai
trong dong thing dung cuc dai tac dong 1én voé ciu cha
dong cua xe khi 6 td chuyén dong hai banh sau gap
phai map md, van toc khao sat tir 20 + 60 (km/h). Két
qua cho thay, khi ting hé s6 can giam chan cua hé
thdng treo sau s& lam giam gid tri tai trong dong tac
dong lén cau xe, viéc nay s& lam ting do bén cua vo
cau. Chinh vi thé, trong thiét ké dé cai thién do bén vo
cau, nén tang hé sd can giam chan K cua hé thong
treo sau.

Hinh 8. Fromax khi thay déi K2 ciia hé thong treo
sau (v =20 - 60km/h)

Hinh 9 thé hién két qua khao st anh hudng cua hé
sb can giam chin K cua hé théng treo sau dén hé s6
tai trong dong tac dong lén cau chu dong cua xe khi
xe chuyén dong hai banh sau gip phai map md, van
téc khao sét tir 20 + 60 (km/h). Véi mdi gié tri van toc
khao sét, khi K tang dan thi hé sé tai trong dong cuc
dai tac dong 1én cau chu dong s& giam dan.

Bdng 6. Hé sé tdi trong déng thay déi theo téc d
ciia xe va hé sé can

Ka
2 (KNs/m)
Van t6¢ 100 | 200 | 300 | 400 | 500
xe (km/h)
20 1,18 | 1,17 | 1,16 | 1,15 | 1,15
30 131132 1,35 | 1,36 | 1,38
40 143 | 1,44 | 1,46 | 1,47 | 148
50 1,58 | 1,58 | 1,60 | 1,63 | 1,63
60 169 | 1,69 | 1,71 | 1,73 | 1,74
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—— =20 kmh

19 T

—eo—v=130lmh
18 —o—v =40 km'h
17 (rkmh

Kz
T

12 i
1.1 - N
1
10 15
K2 (kNs/m)

Hinh 9 H¢ sé tdi trong dgng ka khi thay déi hé so K
ciia hé thong treo sau (v = 20 + 60km/h)

Nhu véy, khi ting d¢ cing cua hé s6 can giam chan
treo sau s€ lam giam gid tri tai trong dong tac dong I&n
cau xe. Chinh vi thé, trong thiét ké dé cai thién do bén
v6 cau, nén ting hé sb can K, cua hé théng treo sau.
5. Két luan

Céc khao sat vé anh huong cua van toc dén tai
trong dong tac dong lén vo cau trong truong hop xe di
qua mip mé cé dinh dang nham muc tiéu xac dinh gia
tri tai trong dong cuc dai. Khi van tc ting, gia tri cua
cac tai dong tang phu hop daung qui lut. Trong nghién
ctru da khao sat xac dinh tai trong dong tac dung lén
vo cau khi thay ddi cac thong sb Cz, Ko khi xe di
chuyén qua cac méap mé dinh dang. Két qua khao sat
cho thiy khi ting d6 cing cua hé thdng treo C, (cac
thdng sé khac giiz nguyén) thi gié tri tai trong dong tac
dong 1én vo cau déu tang 1én. Nguoc lai khi ting hé
sb can giam chan hé thdng treo K thi gia tri tai trong
dong tac dong 1én vo cau giam xudng.
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