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THiICH CUA bONG CO VA MAT BUONG
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TOM TAT

Bai bdo trinh by cdc mé hinh phan tir hivu han dé nghién civu déc tinh rung déng riéng va
rung dong ¢ kich thich cia két cau khung vé é té con. Cdc ddc trung rung dong riéng dwoc tinh
todn, mé phong trén phan mém phan tir hitu han. Trén co sé phén tich rung déng riéng, bai bdo
tién hanh tinh todn, mé phong rung déng cia két cau khung vé diedi sw kich thich tir dong co va mdt
duwong. Thong qua cdc két qua ndy cé thé so bg danh gia dwoc tinh ndng két cau ciia khung vé 6 t6

con vé rung on va vung cong huong cua khung vo o to.

Tir khéa: Két cdu khung vo 6 t6; Phdn tich mé hinh trang thai; Rung déng khung vé 6 t6;

Tiéng on 6 t6; Pdnh gid két cau khung vo; Kich thich tir ddng co va mdt dwong.
ABSTRACT

The paper presents finite element models to study specific vibration and stimulated vibration
characteristics of car body shell structure. Specific vibration characteristics are calculated and
simulated on finite element software. Based on the analysis of specific vibration, the paper conducts
calculations and simulations of vibration of the body structure under the stimulation of the engine
and road surface. Through these results, it is possible to preliminarily evaluate the structural

features of the car frame in terms of vibration and resonance area of the car frame.

Keywords: Car frame structure; Modal analysis; Car frame vibration, Car noise;, Car

structure evaluation, Engine and road surface vibration effects.
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1. PAT VAN PE

Khi 6 t6 chuyén dong & toc do thap va
trung binh, c¢6 hai nguon kich thich 16n d6i voi
rung dong khung vé 1a dong co lam viéc khong
can bang va lyc kich thich ciia mat dudng khong
bang phang. V&i luc kich thich ctia mat duong
thong qua hé thong treo tic dung 1én khung
vO O t6 ¢6 tan sd thip dén vai Hz nén khong
nam trong khoang tan sb rung dong riéng cia
khung vd, khong gay ra cong hudng cho khung
vo nhung no6 lai ¢6 bién do kich thich 16n [am
cho bién do rung dong ctuia khung vo 16n, gay
ra ap suat &m cao. Do d6, khi xét tiéng dn trong
khoang xe s& khao sat bai toan téng hop luc
kich thich ca cua dong co va mat duong voi
bién dang ngau nhién.

Hién nay, c6 ba phuong phap phan tich
két cAu khung vo xe: phuong phap phan tir hitu
han; phuong phap phan tich mo hinh trang thai
thuc nghiém; va phuong phap phan tich tong
hop. Trong do, phuong phép phan tich mé hinh
str dung phan tir hitu han duoc tmg dung phd
bién nhat. Thong qua phan tich cac tham s6 cua
moé hinh trang thai, c6 thé tién hanh danh gia
khach quan dic tinh cta két cau khung vo xe,
cling ¢o thé sir dung cac két qua d6 dé lam co
so tién hanh cai tién két cu khung vo.

Bai bao st dung phuong phép phan tir
hiru han dé phan tich, mo phong dic tinh rung
dong riéng va rung dong khung vo 6 té con co
ké dén kich thich dong co va mat duong, tur do
danh gia so bo két cau khung vo xe.

2. CO SO LY THUYET PHAN TiCH PAC
TINH RUNG PONG CO KiCH THICH

Trong phan tich rung dong co luc kich
thich tryc ti€p, st dung dai s0 sO phtrc dé giai hé
phuong trinh ma tran tuong tac, c6 thé tinh toan

duoc phan tmg két cAu v6i tan sb kich thich roi
rac. Bit ddu bang phuong trinh chuyén dong
rung dong cudng buc cé luc can va kich thich
song diéu hoa [1].

MG} + (1O} + [KT{x(©)} = {P(w)}e™* (2-1)

Tai trong duoc gidi thi¢u trong phuong
trinh (2-1) 1a mot véc-to s phic. Tir goc dod
vat 1y cho théy, tai trong co thé 1a tai trong thuc
hoac tai trong do, hodc ca hai. béi véi rung
dong song diéu hoa (diy 13 co s& phan tich
phan tng tan sd), gia sir nghiém diéu hoa co
dang nhu (2-2).

{x} = {u(w)}e (2-2)

Trong d6, {u(w)} 1a véc-to chuyén vi phtic.

Ap dung dao ham bac nhat, bac hai cia
phuong trinh (2-2), ta thu duogc:

() = iw{u(w)}e't
{#} = —w?{u(w)}e™t

(2-3)
(2-4)

Sau khi thay (2-2), (2-3) va (2-4) vao
phuong trinh (2-1), ta duoc két qua nhu phuong
trinh (2-5).

-0’ [M{u(w)} e+ io[Cl{u(w)}
cHKHu(@)} e“={P(w)} e (2-5)
Sau khi chia hai vé ciia phuong trinh
(2-5) cho €™ va don gian hoa, ta dugc phuong
trinh (2-6).
[~0’M +ioC + K]{u(w)} = {P(0)} (2-6)
Phan tng tan sé thu dugc bang cach
giai phuong trinh (2-6) cho {u(w)} & cac tan sb
cuong buc o khac nhau.
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3.MO HINH PHAN TU HUU HAN KHUNG
VO O TO CON

3.1. M6 hinh phén tir hitu han khung vé &
to con

Toan bd khung vo 6 t6 dugc lam bang
thép, chung duoc ldp rap tir hon mot tram chi
tiét va thuc hién bang phuong phap han. Cin
clr vao nguyén tic xdy dung mo hinh phan tir
hiru han, sau khi chuyén mé hinh CAD tir phan
mém Catia sang phan mém Hypermesh, ta tién
hanh thiét 1ap mo hinh tim va xtr Iy bé mit cac
tdm. Ta c6 md hinh CAD nhu trén Hinh 1.

Sau do, ta tién hanh chia ludi cho timg
chi tiét riéng biét va xur 1y ludi cta ting chi tiét,
dam bao cac phan tir tir giac 1a chu yéu, dong
thoi han ché phan tir tam giac. Sau khi chia lugi
va xur 1y ludi, ta dwoc mo hinh phan tir hiru han
co ban cua khung voé 6 t6 con.

Sau khi hoan thién chia ludi, ta tién
hanh tao cac moi lién két han. Can cr vao so
lwong moi han xe thyc t€, ta &p dung phan ti

CWELD dé tién hanh mo phong dbi voi diém
han, duong kinh vét han (mdi han) hai 16p
(phan tir v6 2 16p) 1a 6mm, dudng kinh vét han
(mbi han) ba 16p (phan tir vo 3 16p) 1a Smm va
su dung thém mot s it phﬁn tr han RBE2. Ta
¢6 mo hinh phan tir hitu han nhu Hinh 2.

Hinh 1. M6 hinh CAD khung vo 6 t6 con

Hinh 2. M6 hinh phan tir hitu han khung vé 6 t6
sau khi tao lién két

Thong tin co ban cua md hinh PTHH
khung v6 6 t6 con nhu Bang 1.

Bdng 1. Thong ké théng tin mé hinh

Phén tir Nt
Tw giac Tam giac CWELD RBE2
S6 luong 170860 650 5825 182 182762
Phan tir tam giac chiém: 0.38%

Sau khi hoan thanh cong viéc xay dung md hinh ph'?ln tr hitu han, tién hanh dinh nghia thudc
tinh vat liéu trong két cau than xe. Két cau than vo xe chu yéu dung thép cac-bon thap, do thudc tinh
cac loai vat li¢u thép cac-bon thap sai 1éch nhau khong nhiéu, anh hudéng dén két qua tinh todn co

thé bo qua. Ap dung tham s6 vat liéu nhu Béng 2.

Bang 2. Thuoc tinh cua vdt liéu trong mo hinh

Tham sé Mo-dun dan héi

H¢ s6 Poisson Khdi lirgng riéng

Gié tri 2.06e5 (MPa)

0.3 7.89¢3 (kg/m?)
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Budc tiép theo 1a loai trir mot sd vain dé
trong mo hinh nhu: bo sét lién két han, mat cac
tam,... Sau khi hoan thanh qua trinh xay dung
md hinh, thi c6 thé tién hanh tinh todn mo hinh.

3.2. M6 hinh phin tir hirtu han khi c6 kich
thich cua dong co va mat duwong

Luc kich thich cua dong co (PC) duogc
dat tai cac chan may, gid tri cia n6 dugc léy
theo toc d6 quay ctia dong co va khdi lugng ciia
dong co. Luc kich thich cua mat duong (MD)
ngau nhién dugc xac dinh theo téc do cua 6 to;
Luc kich thich nay dat phia dudi hé thong treo
tai tam truc banh xe; Cac luc kich thich cua mat
dudng duoc quy vé tai tim truc banh xe dd xét
dén d6 ctimg va hé s6 can giam chan caa banh
xe. M0 hinh rung dong ctia khung vé 6 t6 khi
c6 kich thich cua dong co va mat duong nhu
trén hinh 3.

Hinh 3. M6 hinh rung dong khi co kich thich cua
dong co va mat dwong

Lua chon diém phan tich phan tmg tan
s6: chon cac niit d phan tich gdm nat s6 17090
(vi tri lap ghé 14i), 154615 (vi tri lap hang ghé
sau). Cac nat nay 1a vi tri twong ddi chinh gitra
clia ngudi ngdi trong xe va dugc dit trén san
xe. Vi tri cac niit phan tich dap tmg tan sé nhu
trén hinh 4.

Hinh 4. Vi tri cdc mit phdn tich ddp vmg tan sé
kich thich cua BC va MP.

4. PHAN TiCH PAC TINH RUNG PONG
CUA KHUNG VO O TO CON

4.1. Phédn tich rung dong riéng cua khung vo
0 to con

Két qua tinh toan rung dong riéng nhu
Bang 3.

Bang 3. Két qua tinh todn mé phong rung dong
riéng khung vo 6 t6 con

Dang | Tén sb M0 ta hinh dang
riéng [Hz] rung dong
1 26,33 Ubn cong ;?huong ngang
toan xe
2 29,44 Xoin toan xe
3 38,06 Rung dong cuc bd dudi xe
4 42,23 Hop thanh xoén dau xe
5 43,88 Rung dong cuc b duoi xe
6 47,32 Bién hinh cira gi6 noc xe
7 51.36 Uon cong the’o hudng
thang ding
8 52,61 Rung dong khoang hanh ly
Bién dang dau xe, vach
9 53,35 ngan khoang dong co va
dudi xe
10 54.53 Rung don‘g cug bo sau ndc
va dudi xe
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Céc hinh dang rung dong ctia mo hinh
trang thai khung vo xe, theo cac tan so6 khac
nhau, dugc thé hién nhu trén Hinh 5, Hinh 6.

Hinh 6. Hinh dang rung dong ¢ tan sé thir hai

Tién hanh phan tich so bd két qua tinh
toan, tan sb rung dong riéng thir nhat1a26,33Hz,
¢6 hinh dang rung dong udn cong theo phuwong
ngang toan xe. Hién nay, cac xe con déu 14 loai
v6 chiu lyc nén tan s cuia mo hinh trang thai
phd bién 1a tir 20Hz tr& 1én. Dang riéng thir
nhat ctia mo hinh trang thai khung vo 6 t6 con
tinh toan phu hgp voi quy luat thong thuong.

O hai tan s rung dong riéng thir nhét
va thir hai, bién dang 16n nhét tip trung & mang
noc, va bién dang nay gan nhu phan bo hét toan
bd mang néc. Dong thoi, ¢ hai tan sd dau tién
nay rat gan voi tan sé khi dong co 1am viéc ¢
téc do thip, d& sinh ra rung dong cong hudng
va gdy ra tiéng 6n 16n.

4.1.1. Phédn tich rung dong cua khung vo khi
co kich thich cia dong co va mat duwong

Khdo sat rung dong khi c6 kich thich
tir dong co xe Camry 1am viée tir s6 vong quay
khong tai 700 vong/phut dén sd vong quay
16n nhit 6000 vong/phit; va kich thich tir mat
dudng hinh sin ¢6 hé sb bam 0,65 khi xe chay
tdc do tir 0 dén 50 km/h. Sau khi xay dung mo
hinh va thiét 1ap thong sd bai toan, sir dung bo
giai Optistruct dé chay chuong trinh, ta c6 két
qua nhu sau:

+ Két qua tinh toan tai nat 97090 1a vi
tri chan ghé 14i nhu trén hinh 7 va hinh 8.

Hinh 7. Hinh dang rung dong co kich thich cua
DCva MD 6 tan s6 27 Hz

Frase
c.eEEHENE

Dnganceert (o)
My
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Hinh 8. Pdp vmg tan sé cé kich thich ciia PC va
MDP tai niit 97090 (vi tri san ldp ghé i)
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+ Két qua tinh toan tai nit 154615 1a vi
tri chan ghé sau phu nhu trén hinh 9 va hinh 10.

ExndARENES
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Hinh 9. Hinh dang rung dong co kich thich cua
2 ’ ]
DCva MP o tan so 27 Hz B

retm e [Fn
:

Frame
resBENENE

Hinh 10. Pép iing tan sé cé thich thich ciia PC va S

MBD tai niit 154615 (vi tri chdn ghé sau phu) %ﬂMﬁm

Dé 1am rd anh hudng cua hé thong treo ¢ N
dén chuyén vi cua khung vo 6 t0, ta c6 két qua j N
tinh toan chuyén vi cia hé théng treo tai vi tri i
lién két ciia hé thong treo va khung xe nhu trén |

hinh 11. A s Lot sl A b

Hinh 11. Chuyén vi ciia hé thong treo
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4.1.2. Nhin xét két qud tinh todn

Véi nguén kich thich tir dong co va mat
duodng thi tai cac vi tri khao sat rung dong véi
bién do cuc tri tai tan s trén 40 (Hz) va bién do
theo phuong thang dimg 13 16n nhat, rung dong
theo phuong con lai 1a tuong ddi nho. Tai vi tri
lap ghé sau phu 1a rung vé6i bién do 16n nhat.

Kich thich cua mat duong thong qua hé
thong treo khong gay ra cac ving cong hudng
cho khung vo 6 t6. Khi nghién ctru rung dong
xét kich thich cua méat duong, nguoi ta thuong
coi khung xe nhu mot khdi cimg vi chuyén vi
cua khung xe khi c6 kich thich cua dong co qua
nho so voi mit duong 1én hé thong treo.

Tan s6 kich thich ciia mat duong cang
nho thi nang luong truyén 1én khung cang 16n;
khi tan s6 kich thich trén 50Hz thi ning lugng
truyén 1én nho dan; khi tin s kich thich trén
120Hz thi lyc kich thich gan nhu mat di.

5. KET LUAN

Két qua tinh toan rung dong cho thay,
tan s6 thir nhat 13 26,33Hz 1a phu hop. Pong
thoi tai nhing tan s rung dong riéng thir nhat
va thir hai déu 1a rung dong toan bo. Khi ¢
kich thich thi khong xay ra cong hudng toan bo,
chi c6 mdt vai vi tri xay ra cdng hudng cuc bd
nhung bién d0 rung dong khong 16n. Mang noc
c6 rung dong va bién d6 rung dong 16n nhat.
Kich thich cia mat duong khong giy ra cong
huong cho khung vo xe, chi lam ting chuyén vi
cua khung vé.

Khi 6 t6 chuyén dong trén dudng, toc
dd cua 0 t6 cang 16n thi hap thu nang luong cua
hé thong treo cang nhicu. %
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