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TOM TAT

Tinh toan dao déng 6 té c6 y nghia va
vai tro vé cung quan trong,va la co s¢ chu
yéu giup dénh gié do én dinh, an toan dong
luc hoc theo phwong thdng dung, ém diju
trong qua trinh hoat déng cua 6té. M6 hinh
tinh toan mé phéng dao déng toan xe trong
khéng gian 3 chiéu (3D) duwoc st¥ dung dé
tién hanh nghién ctru. Céc théng sé can thiét
dwoc xac dinh trén xe co sé SYM T880. Két

qua tinh toén duoc phan tich trong cd mién
thoi gian va tén sé, gitup danh gié toan dién
hon vé déc tinh déng luc hoc dao déng cia
xe T880 néi riéng cling nhw la co s& tham
khdo dé tién hanh xay dung mé hinh tinh
toan, danh gia dao déng cta cac ching loai
xe khac, gop phan nang cao chét luong thiét
ké xe dwoc ém dju va an toan hon.

Twr khoéa: dao ddng 6té, dong luc hoc 6t6, mé hinh dao déng toan xe (3D)

1. GIOI THIEU

Xac dinh dao dong cua than xe trong cac
diéu kién hoat dong khac nhau dong vai trd vo
cling quan trong trong qua trinh thiét ké, tinh toan
d6 bén két ciu than xe. Trong quéa trinh chuyén
dong cua xe trén mat dudong c6 nhiéu bién dang
bé mit map mo khéac nhau, 1 nguyén nhan gay ra
dao dong tryc tiép tac dung 1én than xe. Bai bao
thuc hién nghién ctru nhim xiy dung phuong
phép tinh toan dao dong cua than xe khi xe di
chuyén trén bé mat mip moé cia mat dudng co
van tdc va ché do tai khac nhau (khong tai, toan
tai va qua tai).

M& hinh déng lec hoc md phong toan xe
trong khong gian 3 chiéu (3D), dugc nghién ciu
sir dyng trong qua trinh tinh todn mo phong. Cac
thong s tinh toan 1y tir xe co s SYM T880.

M®& hinh dong luc hoc dao dong toan xe
trong khong gian 3 chiéu (3D), bao gom: 7 bac tu
do (7DOF), 4 vat thé c6 khéi lwong riéng biét lién
két voi nhau bang cac bo phan dan hoi, giam
chan, day 1a cac bo phan chinh yéu thudc hé
thdng treo va banh xe. Khéi lugng toan bo phan
khong dugc treo phia sau, m3 lién két véi nhau &
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hai vi tri banh xe phia trai va phai mé ta dang hé
thdng treo phu thude nhu & Hinh 1.

2.COSOLY THUYET
2.1 M6 hinh tinh toan
Trong do:
m: khéi luong phan duoc treo [kg]

m_123: khdi lugng phan khéng duoc treo
trudce, sau [kg]

|_xy: momen quan tinh khéi lwong ctia phan
duoc treo quanh truc Ox, Oy[kgm?]

lyra: momen quéan tinh khéi luong cta phan
khéng duoc treo sau quanh truc Oxra qua khdi tam
[kgm?].

a1.2;b12:toa d6 trong tim phan duoc treo [m]
K_iter: d6 cting dan hoi cua 16p xe [N/m]
K_r: d6 cing bo phan dan hoi [N/m]

C_tr: hé sb giam chan [Ns/m]

®,0: goc xoay quanh truc Ox, Oy ciia phan
duoc treo [rad].

@xa. gO6C xo0ay quanh truc OX cia phan
khéng dugc treo sau [rad].

2.2 M6 hinh toan hec

Dang phuong trinh Lagrange téng quét duoc
sir dung dé thiét 1ap hé phwong trinh vi phan cho
mo hinh ddéng luc hoc dao déng toan xe, 7DOF
c6 dang nhu sau [1]:

d oK oK oD oV
—(—)——+—+ = fr
@ o4 oqr odr ooy 2.1)
Trong do:

K: dong nang cta hé ;V: thé nang cua hé

D: ham tiéu tdn Rayleigh

Tir d6, hé phuong trinh vi phan tong quat:

[m]% + [c]% + [K]x = F 2.2)

V6i ma tran khéi lwong [m], hé sé giam chéan
[c], hé sb db ctng [K], va ngoai luc tac dung [F],
vecto chuyén vi X, duoc trinh bay chi tiét & phu
luc.

Hinh 1. M6 hinh dong lec hoc dao dong toan xe trong khéng gian 3 chiéu
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3. THONG SO PAU VAO
3.1 Thong 50 xe co s (SYM T880)

Khao sét va tinh todn céc thdng sé Vé trong
luong va kich thudc cua xe co s¢ SYM T880
trong truong hop day tai, 1a truong hop khi thiét
Iap mé hinh tinh todn do bén két cAu than xe.

Momen quan tinh khdi luong cua than xe,
phan khong duoc treo, (I, ly, lixa), dugc xac dinh
bang phuong phap gin dung theo mé hinh gia
dinh xem téng thé than xe nhu khéi hinh hop chit
nhat dong chat co kich thudc (dai x rong x cao)
1a (1,w,h). Tir d6, quy ddi (ly, Iy)tir hé truc toa do
quan tinh caa khdi hop chir nhat dong chét vé hé
truc toa do dat tai vi tri toa do trong tam than
xe,[1].

D6 ciing cua cac bd phan dan hoi, hé thong
treo xe duoc xac dinh bang thuc nghiém. Cac hé
s6 giam chan duogc xac dinh dya theo co so thiét
ké ti wu hé thong treo, [1].

Bang 1. Théong s tinh toan xe SYM T880
(trong trudng hop xe day tai)

a 0,824 m
b, 0,74 m
b, 0,74 m
ks 14283 N/m
Kr 36000 N/m
Kit 178542 N/m
Kir 193257 N/m
Cr 104,5 Ns/m
Cr 185 Ns/m

Ky higu Giatri Pon vi
m 1650 kg
m 40 kg
m; 40 kg
ms 160 kg

Ix 1005 kg.m?

ly 2772 kg.m?

lxra 47 kg.m?
a1 1,676 m

Céc thong s6 do6 cung 16p xe dugc xac dinh
theo cong thirc thuc nghiém, tir cac mdi quan hé
giita &p suat 16p va cac thong sé ky thuat cua 16p
xe [5].

3.2 Bién dang mat dwong

Bién dang map mé mat duong dugc biéu
dién bang nhiéu dang ham toan hoc khac nhau,
nhu dang ham sin, ban binh phwong ham sin, va
dang ham bac,... Trong d6, dang ban binh phuong
ham sin 1a dang ham kich dong tiéu biéu mé ta
bién dang mit duong c6 moé cao dang ban hinh
sin[1], Hinh 1, duoc chon st dung dé tinh toan
cho cac truong hop tai trong.

Céc thong sb va ky hiéu trén Hinh 2 duoc
chon nhu sau [7], trong d6:

Ban binh phuong ham sin dugc thé hién bang
m& hinh toan hoc[1]:

Trang 87




SCIENCE & TECHNOLOGY DEVELOPMENT, Vol 18, No.K7- 2015

0 t<t_start

. 52
y= dzsmzdivt; t start<t<t_end
1

0 t>t_end
(3.1)

Véi: di = 1,0 (m): chiéu dai bac;d, = 0,05
(m): chiéu cao bac

t_start: thoi diém khi banh xe bat dau cén
bac.

t_end = 0,5d:/v: thoi diém tai d6 banh xe roi
khoi bac.

Bén canh d6, mat dwdng map moé ngau nhién
dugc md ta dudi dang ham sin, cac thong sb
khoang cach 2 dinh map mé d; va sai léch d6 map
mo gira vi tri cao nhat va thap nhat cia mat
duong da duoc thé hién trén Hinh 2 (b)

Ham toan hoc tuan hoan sin dé mé ta [1,3],
duoc xac dinh nhu sau (3.2):
ﬂ;co :2_712@; y =Y sin ot :d—zsin 27V
v T d, 2
Trong d6: T: chu ky (s); w: tan sé goc (rad/s); Y:
bién d6 ham tuin hoan mo ta map mo mit dudng

t

1

hay ham kich déng (m).

)...1.

[ start r end

(@)

Bién dang map mo mit duong duogc thé hién
tudn hoan theo phwong trinh (3.2) voi cac thong
s6 tham khao theo [7],d1 = 6 (m);d2 = 0,02 (m).
4. KET QUA VA THAO LUAN
4.1 Tan sb tw nhién va dang dao dong

Giai hé dao dong tu do dbi véi hé dao dong
ty do c6 7DOF, Hinh 1, c67 tan sb dao dong tu
nhién w; va 7dang dao dong ung v6i 7 vecto
ui.Két qua tan sb dao dong tu nhién wi, cho phép
ta danh gia vung cong huong cia hé dao dong, va
vecto dang dao dong ui cho ta mbi quan hé dao
dong gitta cac hé toa do suy rong khac nhau cia
hé¢, twong Gtng vai Ui.

bé c6 thé xac dinh dao dong cua than xe than
xe, ta can khao sat cac gi4 tri dong hoc theo hé
toa do suy rong la: x, ¢, 6.

Vi vay, tién hanh xac dinh vi tri gié tri 16n
nhat trong mdi vecto uicd hé toa do tuong ng
néu trén, d6 chinh 1a thanh phan c6 kha ning dao
dong l6n nhat trong hé thong tai mdi gia tri cua
tan sé dao dong tu nhién twong ung wi. Két qua
duoc thé hién ¢ Bang 2.

(b)

Hinh 2. Bién dang mit dudng mé ta bang ban binh phwong ham sin (a) va mé hinh 6t chuyén dong trén mit duong

mép mé ngau nhién vai van téc v
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Bang 2. Téng hop tan s6 dao dong tu nhién
va hé toa do twong (ting.

Stt | fo(Hz) | Vitrigidtri H¢ toa do
cuc dai cua u; | tuwongung
1 8.53 7 X3
2 11.05 6 X2
3 1.16 1 X
4 1.01 3 0
5 11.05 5 X1
6 4.72 4 Drra
7 0.59 2 @

Ba dang dao dong tht 3, 7, 4 cho ta gia tri
I6n nhat cua thong sé dong hoc theo hé toa do X,
@, 0, trong tng lan luot voi ting tan s dao dong
tu nhién caa hé nhu Bang 2, duoc thé hién ¢ Hinh
3. TAt ca cac gia tri tan s6 tu nhién cua hé c6 gia
tri gan bang 1(Hz), déu nay tuong ung khi xe
chuyén dong véi van téc khoang v=dsf,, hay tan
s6 luc kich dong tring tan sé tu nhién cua hé s&
cho ta cac gia tri dao dong cuc dai.

1

' .
- M~
05| s % g%
I A
0,
—eme = 1,17(H2)
-05 n |
; = = 1,09(H2)
7 n
x

—, = 1,01(H2)
1 2 3 4 5 6 7

Hinh 3. Céac dang dao dong tha: 3,7, 4

4.2 Dao dong cua than xe:

4.2.1 Trudong hop mdt banh xe cau truwde cin
mip mé ban binh phwong ham sin(d1 = 1, d2
=0,05m):

Mot banh xe cau trude bi kich dong do tiép
xUc véi bac cao, hay gia tri luc kich déng do bién
dang mat duong c6 d6 16n bac y; gay ra. Giai hé
phuong trinh (2.2) véi y1, bién dang bac hinh ban
binh phuong ham sin (3.1), gia tri di= 1(m) va d,
= 0,05(m);

Va: y2 = yz3=yas= 0(m).

Khao sat tan sb luc kich dong tir 0+5(Hz),
trong pham vi xung quanh ving tan sb tu nhién,
fy~1(Hz), twong duong van téc v=0+10(km). Gia
tri bién do cuc dai dao déng cua than xe, (x) theo
tan s6 luc kich dong dwoc thé hién ¢ Hinh 4 (a).

Gia tri x cuc dai thu duoc, Hinh 4(a), twong
g gié tri tan sb f = f,= 1,16(Hz), do diéu kién
cong huong.Bién d6 gia téc géc chuyén dong
xoay quanh truc Ox, Oy caa than xe lan luot 13 @
va @ duoc thé hién & Hinh 4(b).

Bién d6 gia toc géc ¢ dat gid tri cuc dai tai v
= 0,86 km/h, twong Gmg ving céng huong voi
f,=0,59(Hz);Bién do gia toc gdc 0 dat gia tri cuc
dai tai v = 1,6 km/h, twong ing viing cdng huong
véi f=1,01(Hz);

0.06
— d)
0.05 -0
he]
©
5 0.04
s (a)
ks
S 003
k=]
E
% 0.02
= 001 A
\,
\“\Nm
00 20 40 60 80

Velocity, km/h
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0.014 Bién d6 dao dong bién thién theo chu ky sin,
0.012 \ gia tri tuyét doi cuc dai xay ra sau thoi gian t,:
£ o001 \ 0.25(s), la thoi diém khi banh xe da roi khoi map
; \ mo.
s 0.008 \ ’ . ,
2 0.006 \ Van toc dao dong X dat gia tri 16n nhat 1a
€ 0.004 . 0,01 m/s tai thoi diém t = 0,05s.
0.002 by ~—— Van toc dao dong X dat gia tri 1on nhat la

40
Velocity, km/h .
Bién d6 dao dong ¢, 0 theo thoi gian, tai van

Hinh 4. Bién d6 dao dong x (a) va bién do dao dong i . A
toc 60km/h, thé hién & Hinh 6 (b).

o (b), 6 theo van tbc

Bién do gia tdc §0,0 giam gan bang 0 sau

,x10° thoi gian khoang 3s ké tir thoi diém banh xe bt
]f‘\ dau can map mo, duoc thé hién ¢ hinh 7(a) va
c 05 "\ 7(b).
%
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S . \ / \ / \ /N
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Hinh 5. Bién d6 dao dong x (a) va van toc dao dong 25 o5 1 15 2 25 3
Velocity, km/h

X(b) theo thoi gianBién d¢ dao dong x, van tdc dao

dong X , gia tdc dao dong X theo thoi gian,tai van tdc (b)

v = 60km/h, thé hign & Hinh 5 (2), 5(b), 6(). Hinh 6. Gia téc dao déng X(a) va bién do dao

dong ¢, 6 (b) theo thoi gian

Trang 90



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K7- 2015

0.6 0.01
“» 04
€ o \ g 0.005 - A
;g 0 ﬂnn m\nnnﬂﬂl\/m VAAANN “g
s luw PV s o Y
E 11 3 YR
: 0.005 V
< 0.6
08 1 2 3 001 1 2 3 4 5
Time, s Time, s
(@) (b)
05 Hinh 8. Bién d6 dao dong x theo van téc(a) va
% bién d6 dao dong x theo thoi gian
N MM e .
E WU LT £ 005 hipi A
L A
E g 0 A A V u n U
<‘ L LA
0.5 T 5 3 3 -0.05 VoY
Time, s >
(b) 0y 1 2 3 4 5

Hinh 7. Bién d¢ gia tdc ¢o(a) va bién do gia toc

6 theo thoi gian

4.2~.2 Trudng hop xe chay trén duwdong mip mo “i\é 05 A \
ngau nhién hinh sin:(v = 60km/h) % ” ”
o O
T
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g
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n o a0 Hinh 9. Van téc dao dong X(a) va gia tc dao dong X
Velocity, km/h (b) theo thoi gian
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Bién d6 dao dong x, van tdc dao dong , gia
tdc dao dong bién thién theo xung nhip 2,5s theo
thoi gian,tai van tbc 60km/h, thé hién ¢ Hinh
8(b), 9(a), 9(b).

Bién d6 dao dong ¢, 0 theo thoi gian, tai van
tdc 60km/h, thé hién & Hinh 10(a).

Bién d6 dao dong chi c6 gia tri trong truong
hop chiu xoin, mot banh xe can map md, hinh
6(b); Va bang 0 trong trudng hop chiu uén, xe
chay trén duong map mo, do diéu kién bién tac
dung trong mé hinh tinh toan, diéu nay cho thay
tinh ddi xing doc truc Ox trong céc thdng sb ky
thuat ciia xe vé kich thugc va khdi lugng, Hinh
10(a).

Gia téc bién thién theo xung nhip trong
khoang 1,8(s), Hinh 10(b).
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Hinh 10. Bién d6 dao dong ¢, 6 va bién do gia
tdc @ theo thoi gian

5. KET LUAN

M©& hinh déng luc hoc dao dong toan xe 3D
dugc xay dung bang phuong phép Lagrange dua
trén thyc té diac trung két cdu xe co s& SYM
T880.Dao dong cua than xe duoc khao sat trong
truong hop mot banh xe ciu trude chuyén dong
qua mip mé duoc biéu dién dudi dang ban binh
phwong ham sin va khi xe di chuyén trén mit
duong mip mo ngau nhién duoc mo ta bang ham
sin.

Két qua cho thay:

- Gid tri bién do cac thdng s6 dao dong dat
cuc tri tai viing tan sb cong huéng.

- Cuc tri bién do gia téc dat dwoc ngay tai
thoi diém béanh xe roi khoi map mo.

- Gia tri bién do dao ddng chi cé giatritrong
truong hop than xe chiu xoin, mot banh xe can
map mo, va bang 0 trong trudng hop than xe chiu
ubn, khi clu trudc/cau sau hodc ca bdén banh xe
dong thoi can map mo, diéu nay cho thay tam
quan trong cua tinh ddi xémg doc truc Ox trong
c4c thdng sé ky thuat cua xe Vvé kich thudc va
khéi lugng

- Céc thong sb tinh toan trong qua trinh
nghién ctu, ciing nhu két qua tinh toan mé phong
rat can thiét phai dwoc kiém ching bang thuc
nghiém. Pay la han ché chung vé co s& vat chat
hién nay cua nudc ta.
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Vibration analysis of a light truck by 3d
dynamic vehicle vibration model

Truong Hoang Tuan®
Tran Huu Nhan?
e Tran Quang Lam?

1 Mekong University

2 Automotive Engineering Department, Faculty of Transportation Engineering, Ho Chi Minh
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ABSTRACT

Vehicle vibration calculations play
significant and extremely important role, and
is based mainly help to assess the stability,
vertical dynamic safe, smooth during
vehicle’s operation. Full car vibration
simulation model (3D) is used to conduct
research. The required parameters are
determined on the available SYM T880 car.
Calculation results are analyzed in both time

and frequency domain, helping more
comprehensive assessment of vertical
dynamic characteristics of T880 truck in
particular as well as the basis of reference to
conduct model, vibration evaluation of other
kind of vehicles, contribute to improving the
quality of vehicle design is more comfortable
and safer.

Keywords: vehicle vibration, vehicle dynamic, full car vibration model (3D)
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