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PHAN TiCH RUNG DONG CUA KET CAU KHUNG VO 0 TO KHACH 30
CHO NGOL SAN XUAT LAP RAP TAI VIET NAM

VIBRATION ANALYSIS OF 30 SEATS VEHICLE FRAME STRUCTURE,
PRODUCED AND ASSEMBLED IN VIETNAM

ThS. Nguyén Quang Cudng, TS. Nguyén Thiét Lap
B6 mén Co khi 6 t6, Khoa Co khi, Trudng Pai hoc Giao thong Vén tai

TOM TAT

Céc tham sé ciia m6 hinh trang thai két cdu khung V6 6 t6 phdn dnh ddc tinh mng dgng riéng
va ddc tinh cuc b ciia khung vo 6 16. Cdc tham 56 néy c6 dnh huong lom ddi véi neng on trong xe.
Bai bdo trinh by nfi dung nghién ciu dic tink rung dong khung vo 6 16 khdch 30 chd ngdi, sin
xudt, ldp rp tai Viét Nam. Bang viéc xdy dung mo hinh phdn ti hitu han két cdu khung vo, tink
todn mé phong rung dong riéng va rung dpng cua khung vo 6 16 khdch dudi dnh huong rung déng
cua dong co; tix do, so by dénh gid duge dic diém két céu cia khung vo 6 16 khach 30 chd ngéi sin
xud, Idp vdp tai Viét Nam.

Tir khéa: 'Phd‘n tich mé hinh trang théi; Phuong phdp phén tir hitu han; Rung dgng khung
V0 6 t6 khach; Tiéng on 6 t6; Pdnh gid ket cdu khung va 6 16 khdch.

ABSTRACT

The parameters of the structural model of the vehicle frame structure reflect the vibration:
characteristics of the vehicle body as well as the local characteristics of the vehicle frame. These
parameters do have important implications for vehicle noises. The article presents the study of
the vibration characteristics of the 30 seats passenger vehicle frame, produced and assembled
in Vietnam, by the finite element model, taking into account of the vibration effect of the engine.
Therefore by using the simulation calculation, we can evaluate the structural features of the 30
seats passenger vehicle frame produced and assembled in Vietnam.

Keywords: Structural model analysis, FEM, passenger vehicle frame vibration, vehicle
noises, structural featurese valuation.
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DAT VAN BE

Trong qué trich 8 16 chuyén dong,
16i kich thich ciia cic ngudn bén trong va
in ngodi 1am cho thén vé xe > rung dong. Céc
3udn kich thich rung dong gbm c6: Dong co,
it dudng khong bing phing, 16p xe, ma sét
Ll"ra 1§h6ng Kkhi véi thin vo xe & tde d¢ cao.
éu tﬁn s0 kich thich cta cac ngudn nay ghn
&1 tin s0 Tung dong riéng cua khung vo, s&
uat hién hién fuong cong hudmeg, sinh ra rung
ong manh va tleng 4n 16n, tham chi c6 thé
ha hong két cdu khung vo xe. Pé nang cao
nh an toan, tinh tién nghi va 4o tin cdy cda &
5, cAn phai tién hanh phén tich rung dong clia
hung v xe, thong qua d6 c6 thé thay ddi két
Audé tranh cac thn s6 kich thich cong hudng
tia céc ngudn rung ddng.

Hién nay, c6 ba phwong phip phén
ich két ciu khung v6 xe: Phwong phap phén
ich mé hinh trang thai bing phén tir hitu han,
»hu'cmg phép phén tich md hinh trang thai
rang thyc nghiém va phuong phép phén tich
fng hop. Trong d6, phuong phép phén tich md
inh trang thai st dung phan tir hira han duge
mg dung nhidu nhéit. Thong qua phén tich céc
ham s ctia mé hinh trang théi, co thé tién
1anh déanh gia 46 cimg va giam chén cua két
Au khung VO xe, ¢6 thé 1am cin cit tién hanh
ai tién két chu khung v6 6 6.

.. CO SO LY THUYET PHAN TiCH PAC
[‘INH RUNG PQONG CUA KET CAU

Duéi sy kich thich hinh sin, phuong
rinh dong hoc két cAu khung vo 6 t6 khach
fuoc viét nhu sau:

IMHX }+ICIHX KX = {F}sin o1) a

Thrc hién bién dbi ta c6:
MN]{AHCNT{A}+{KN] {XA}={QN}Sm(et) (12)
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Trong do:

- [MN] = [A]T [M] [A]: Ma trén riéng
khdi hrgng.

-[CN] = [A]T [C] [A]: Ma tr3n riéng
giam chan.

-[KN] = [A]T [K] [A]: Ma tran riéng
d6 clmg.

-[QN] = [A]T [F].

[MN], [CN], [KN] 1a cdc ma tran
dudng chéo, hé phuong trinh ¢ n bac tw do,
c6 nghiém duy nhét {XA} dang:

{X} = [ANJ(1)XN1 +. +HANJ@Ni +...+[AN)@)Nn (1.3)
. Tir d6, ta co thé tinh dugc trang thai
4n dinh tai cac nit cha két cau khung vo 6 t6
khach.
pbi véi phuong trinh (1.1), bo qua
giam chin va Iyc kich thich thi ta c6 phrong
trinh:
[M}{x}+[K]{x}={0} (14)
Gia sir hé giao dong diéu hoa dang hinh
sin:
{2} = {X}sin(wr +9)  (1.9)
Thay (1.5) vao (1.4) ta dugc:

[K]-'[M){X3={0} (1.6)
Phuong trinh thda man diéu kién bién:
(K]-’MD=0 (1.7
Giai phuong trinh trén, ta dugc tin sb rung
dong riéng: f, = %

Thay vao phuong trinh (1.7), ta duge
hinh dang dic tinh rung dong riéng.
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3. MO HINH PHAN TU HUU HAN
KHUNG VO 0 TO KHACH
3.1. Gié6i thigu 6 t6 khach JA30

O 6 khich JA30 duac san xuit tai
Congty O t6 Hoa Binh c6 tuyén hinh (Hinh 1)
vi céc thdng sb k¥ thujt co ban (Bang 1), nhur
sau:

Hinh 1. Hinh anh 6 t6 khdach JA30

Bing 1. Théng s kff thut co ban ciia xe
khdch JA30:

Théng s6 Gid tri
Kich thudc bao ngoai DxRxC | 7.650x 2.080 x 2.910
(mm)

th)ng trong lugmg (kg) 7.940
Chu trwée (kg) 3.050
Céu sau (kg) 4.400

S chd ngdi 30

Déng co Ky hiéu CA41132

Céng sudt max/ | 103kW/2400v/ph
s6 vong quay

C5 1ép 7.5-20
Chiéu d1 o s& (mm) 3.800
Tée d6 [6n nhét (law/h) 140

3.2. Xy dyng m hinh phin tir hiru han than
o t6 khdch JA30

Khung xuong 6 t6 khach JA30 duoc ché

tao tir thép hop dinh hinh va san dugc ché tao
bing thép dap dinh hinh, vét ligu 13 CT3, khung
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xuong dugc lign két véi nhau bing phwong phip
han. Kich thude luéi phén tir 13 20mm.

Voxegomcovoboc san va kinh chin
gi6. Do v6 ¢6 nhidu loai vat lisu tgo thanh, khixgy
dyng mb hinh phén tir hira han cAn phéin biét cée
loat vat liéu d6. Kich thudc hudi phan trvo o1
JA30 khéng ché trong khoang 80mm.

Khung sét si c6 anh hudng rit Ion dén dg
ctmg khung vo 6 t8, do d6 trong qua trinh tinh
toan cin khio sit dén khung st s1. Kich thude
Iwéi phén tir khong ché khoang 20mm.

Bang 2 Thong s6 vit liéu khumg v6 6 16 JA30:

Vitlign |Médun [Hésd [Treng
dan héi | poisson | hrgmg rieng
(GPa) (kg/or®)
CT3 207 03 7850
1C6 M1 207 03 7850
Compesite | 18 0.3 1100
Kinh 6800 0.3 2470

Khi xay du'ng mb hinh phin tir hiu han
cin can cir vao két céu khungvé & t6 khach
thye t&. M6 hinh 3D ciia khung vo 6 6 khach
duoc xdy dung bing phin mém Pro/E. Mb
hinh phin tir hitu han duoc xdy dyng trén phin
mém Hypermesh.

Sau khi chia luéi cac bd phén khuug
vo, tién hanh tao cac lién két va bd sung Khbi
luongena céc bd phan phu. Cubi cling ta xdy
dyng duge mb bhinh phan tir hitu han nhu Hish
2, gbm cb 146.576 phin tir va 143.846 nit.

Hinh 2. M6 hinh phén tit hitu han cia két cu
khung v 6 (6 khdch JA30
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MO PHONG RUNG DONG RIENG KHUNG VO O TO JA30
1. Rung ddng riéng khung vé

M0 phong mé hmh trang thai cita két cdu khung v6 6 t6, nhim du doan va han ché tleng on
ong 6 t8. Cac tham s mé hinh trang théi cia két chu than vo 6 t6, bao gbm tAn sb rung dong riéng
i hinh dang rung dong & c4c tAn sb khac nhau. Ngoai dic tinh rung dong riéng cua toan bd than vo
6 khach, dic tmh rung dodng riéng cuc b ciaa dai bd phan két chu than vo 6 to c6 ¥ nghia dgc thu
ong phan tich tiéng &n. Than v 6 t6 khach co thé tich tuong dm 16m, két chu phitc tap, cho nén
nrong phap thue nghiém phén tich md hinh trang thai ctia két céu s& gap nhidu khé khan va ton
im. Vi vayz phurong phap phan tich mé hinh trang thai cha than vé 6 td khach bing 1y thuyét dugc
» dung nhiéu.

Thong thudng thén v 6 t6 khach, chiing ta chi quan tam dén tn s6 thap. Sau khi xr Iy va
na luGi bang phin mém Hypermesh md hinh phén tir hira han ciia 6 t6 khéch JA30duoc tinh toan
ing phin mém NASTRAN. Két - qué tinh toan dugc thé hién nhu trong Béng 3 vA hinh dang rung
Sng riéng ciia khung vé dugc thé hién trén Hinh 3.

Bang 3. Két qud tinh todn tdn 56 rung dong riéng:
T |1 2 3 4 [5 s [7 [8 B [0 ]
f(Hz) | 14.16 |1549 |17.38 [18.30]2034 (2229 [24.40 [2672 [28.12 [3058 |

e 1 S9E-00 S T52756)
23304640 Gloe 37000

Hinh 3. Hinh dang rung ding riéng ctia khung vo 6 tn 56 thit 6

2. Phén tich két qui rung déng riéng két cAu khung vé 6 t6 khich JA30

Khi & tb khach né may tai chd va di chuyén trén dwong, dong co 14 ngudn kich thich gay
ng dong chinh, Nghién ctru da chi ra ring, déng co gy ra rung dong duoc chia thanh 3 loai: Thir
14t 13 céc chi tiét quay khong c4n bang nhur banh 43, tryc khuju. .. Gay ra céc lyc quan tinh ly tam;
1t hai 13 céc chi tlet chuyén déng qua lai nhu piston - thanh truyen gfly ra cac lyc quén tinh xung
ch; thir ba I3 4p suft khi nén sinh ra xung luc va mbmen xoén.
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Trong thyc t§ vén hanh, dong co 6 16
Khich ¢6 hai ché do hoat dong phd bién nhét:
Thir nhét Ia khi xe dimg & bai du, lic 86 dong
co chay khong tai; thir hai 14 ddng co chay &
tbe @9 dinh mirc. C4 hai diéu kién lam viée
nay déu duoc sir dung thudng xuyén trong qu
trinh lam viéc ciia 6 t6 khach. Do d6, viéc phén
tich &nh huéng ciia ching d6i véi rung dong
ctia két chu than vo 6 16 khéch c6 § nghia rat
thyc t, Theo thong s k§ thuat ciia 6 t6 khach
JA30: Dong co chay khong tai ¢6 the do 13 700
viph v ¢6 thn s kich thich rung déng khoéng
2BHz & téc do dinh mirc 12 2400 v/ph v cb
thn 56 kich thich rung dong khoang 80 Hz.

Cin cir vao két qud tinh todn, cd thé
thiy thn sb tinh toan thir sau va tin 56 kich
thich khi ddng co chay khong tai I3 gin bang
nhau. Vi vdy, ching ta 6 thé suy doan rang,
dudi sy kich thich ciia dng co khi chay khéng
téi thi tai ché @0 tinh toan thir séu s8 gy ra
cong huong,

5.KHAO SATRUNG BONG CUAKHUNG
VO O TO KHACH DUGI ANH HUGNG
PONG CO

Khi phén tich rung dong cia két ciu co
anh huéng ctia lyc kich thich bén ngosi 13 dang
song hinh sin, toan b céc nit v phén tir ctia
khung v6 xe s& dich chuyén. Khi mé phéng
kich thich ciia dng co, luc k1ch thich c6 dang
hinh sin s& dat tren mét két cdu khung (tai tim
dong co), két chu kiung nay s& dugc lien két
dan hdi véi khung xe. Do thye té kich thich clia
dong co thi bién d6 theo phwong doc truc rit
nhé, nén chi khio st theo phuong thing dimg
va phuong ngang.
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5.1. Kich thich ciia dfng co' theo phurong
thing dimg

Digu kién bién va kich thich cia dong
co nh trén Hinh 4. D3t mét luc kich thich hinh
sin theo phu(mg thang dmg U, = cos(21tﬁ)
dua vio gia the trong trudmg g—9 Sm/s?, tién
hanh d&t rang buc tai tht ¢4 vi tri tim céc binh
Xe.

Hinh 4. M6 hinh kich kich dng co theo
phuong thang dimg

Hinh 5. M6 hinh kich kich déng co theo
phuong ngang

M5 hinh tinh to4n tién hanh trong
Khoéng (20+100)Hz, véi mi budc tinh 13 2Hz.
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t qua tinh toén nhu cc hinh dudi tai cde niit
76277 (vi tri san dudi xe); 976527 (vi trf sin
ifra xe).

Hinh 6. D3 thi rung déng tai nit 976277

i - Tt T @

S = —

Hinh 7. D6 thi rung déng tai mit 976527

2. Kich thich ciia ddng co theo phwong
\ang

Tuwong tir trén, didu kién bién va kich
ich ctia déng co nhu trén Hinh 5. D4t m{t
s kich thich hinh sin theo phuong ngang
= cos(2xft).

Tinh toidn twong tg, tai cac nit
6277 (vi tri san dudi xe); 976527 (vi tri
1 giira xe).
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Hinh 9. D6 thi rung dbng tai nit 976527
5.3. Pénh gi4 két qua tinh todn

- Khi déng co kich thich theo phuong
thing dimg thi rung d6ng theo phwong thing
dlmg tuong déi 16n, cic phuong con lai trong
61 nhé. Khi ddng co chay khong tai, ¢ thn sb
23Hz, bién d rung déng ting 1én 13 rét. Khi
dong co lam Vlec & tbe dinh mirc (cOng sult cy
dai), ¢6 tin & 80Hz, bién d6 rung ddng tai mit
duébi xe 976277 dat cyc tri.

- Khi déng co kich thich theo phuong
ngang thi ming dong thee phuong ngang la
16m nhit, cac phuong con lai twong di nho.
Khi déng co kich thich ¢ thn s6 58Hz (khoang
1740v/ph) thi bién 46 rung dong dat gid tri cuc

dai.
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6. KET LUAN

Két qua tinh toan va md phong dm voi khung vo6 t6 khach JA30 cho thay, tAn s6 rung dong
riéng thir 6 12 22,76HZ rht gan véi thn s6 kich thich khi khong tai ctia dong co, din dén bién 46 nung
déng ting cao, mét sb vi tri két chu khung vo khong hop 1y, dfn dén rung ddng cuc bj Ién. Thong
qua tinh to4n phén tich md hinh trang thai cia khung vé 6 to khach & trang thai sat véi thyc té, phat
hién dudi tac dung ciia hae kich thich cha dong co khi khdng tai 1 mét nguyén nhéan ! quan trong din
dén rung dong cong hudng. Co thé thiy, két cAu khung vo 6 6 khach JA30 ¢6 médt sé vi tri chua hop
1y, cin phai thay d5i. e
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