CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

PHAN TiCH RUNG DONG CUA TAM MONG
BANG PHUGNG PHAP PHAN TU HU'U HAN

VIBRATIONS ANALYSIS OF THE SHIELD SHEET BY FINITE ELEMENT METHOD

TOM TAT

Trong bai bdo nay, nhom téc gia st dung phuong phap phan tir hitu han dé
md phdng rung dong clia mgt vai mo hinh tdm mong tuong tu trén than vo 6 to
con. Cdc md hinh gom tam méng khong gia cudng va tdm mong cd gia cuong.
Két qua tinh todn, mé phdng nham so sanh trang thai rung dong cla hai mé hinh
tdm mong khac nhau, trong trudng hgp khdo st rung ddng riéng va trong
trudng hgp ¢6 kich thich tir bén ngoai.

Tir khoa: Két cdu khung v 6 td; rung dong két cdu vé mang; tiéng on 6 té;
phdn tich md hinh trang thdi; phuong phdp phén tihitu han.

ABSTRACT

In this paper, authors use the finite element method to simulate the
vibrations of several thin-sheet models similar on the car body. Models include
unreinforced and reinforced laminates. The results of calculation and simulation
aim to compare the vibration state of two different thin-sheet models, in the
case of individual vibrations and in the case of external influences.

Keywords: Car body structure; shield sheet vibrations; car noise; modal
analysis; FEM.
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1.DAT VAN DE

Than vé 6 td6 con thudng dugc tao nén ti cac tam
méng, c6 gia cudng dé tang dé cling va gidm tiéng 6n.
Trong qua trinh lam viéc cla két cdu tam méng, két cau
tdm vé sé rung dong dudi tac dung kich thich cla cac
nguén khac nhau. Néu tan s6 kich thich cta cac nguén
rung dong nay gan véi tan s6 rung déng riéng cla tam
mong, sé dan dén hién tugng cong hudng, sinh ra rung
déng I16n va tiéng 6n tang cao, tham chi cé thé pha hdng
két cau.

Hién nay, c6 ba phuong phap phan tich két cau tam
moéng: Phuang phap phan ti hiu han, phan tich mé hinh
trang thai thuc nghiém va phuang phéap phan tich téng
hop [1-11]. Trong d6 phuong phap phan tich mo hinh trang
thai s&t dung phan td hitu han dugc Ung dung phd bién
nhat. Théng qua phan tich dat dugc cac tham s6 clia mé
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hinh trang thai, c6 thé tién hanh danh gia dac tinh dé cing
va giam chan ctia két cau tam mong.

Trong bai bdo, nhdm tac gid sé dung phuong phap
phan t& hitu han dé phan tich, mé phéng dic tinh rung
dong riéng va rung dong két cau tdm maong c6 ké dén kich
thich tir bén ngoai, déng thai khao sat thém 1&p gidm chan
dé gidm rung cho két cau tdm mdng, ti d6 danh gia sc bd
két cau tdm mong don (khéng cé I6p gian chén) va két cau
tdm mong kép (cé 16p gidam chan), lam co s& tinh toan cho
cac két cau than vo 6 té.

2. LY THUYET PHAN TiCH DAC TiNH RUNG DONG CUA
KET CAU

2.1. Phuong trinh vi phan téng quat ctia hé nhiéu bac tu
do c6 kich thich

Dudi su kich thich, phuong trinh déng hoc két ciu
khung vé 6 t6 con nhu sau:

[M]{x} + [CH{x} + [Kl{x} = {F(D)} M

Trong do:

[M] 1a ma tran khoi lugng.

[C] la ma tran can giam chan.

[K] 1a ma tran d6 ciing.

{x}, (%}, {x} 1an luct |a véc to gia t6c, van téc va chuyén vi

{F(t)} 1a véc ta luc kich thich
2.2. Phan tich rung dong riéng

D6i véi phuong trinh (1) khéng khao sat gidm chan va
luc kich thich thi ta c6 phuong trinh rung dong riéng:

[MI{x} + [K{x} = {0} )
Gia st hé dao dong diéu hoa:
{x} = {X}sin(wt + @) 3)
Thay (3) vao (2) va bién déi ta dugc:
[K] — w?[M]{X} = {0} (4)
Phuong trinh théa man:
([K] - w?[MD) =0 (5)
Giai phuaong trinh trén ta dugc tan s6 rung dong riéng
wWj
1™ 2n

Thay vao phuong trinh (5) ta dugc hinh dang dac tinh
rung dong riéng.
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2.3. Phan tich rung ddng ¢6 luc kich thich truc tiép

Trong phan tich phan (ng tan sé truc ti€p, théng qua
viéc st dung dai s6 s6 phuc dé giai hé phuong trinh ma
tran tuaong tac, c6 thé tinh toan dugc phan tng két ciu vdi
tan sé kich thich r&i rac. B4t dau bang phuong trinh chuyén
déng rung dong cudng buic ¢o luc can va kich thich séng
diéu hoa.

MI{%()} + [CH{x®)} + [KI{x()} = {P(w)}e'" (6)

Tai trong dugc gidi thiéu trong phuong trinh (6) la moét
véc ta s6 phuc. TUr goc do vat ly cho thay, tai trong ¢ thé la
tai trong thuc hoac tai trong do hodc ca hai.

Da6i véi rung dong séng diéu hoa (day la co s& phan tich
phan Ung tan s6), gia thiét phuong an giai quyét c6 dang
song diéu hoa:

{x} = {u(w)}e’* (7)

Trong do:

{u(w)} la véc to chuyén vi phic

Ap dung dao ham bac nhét, bac hai ctia phuong trinh
(7) ta thu dugc:

{x} = in{u(w)}el®t (8)

{3} = —w?{u(w)}ei®t 9)

Sau khi thay vao phuong trinh (7) va don gian hoa ta
duogc:

[-w?M + iwC + K]{u(w)} = {P(w)} (10)

Thong qua viéc thém tan sé cudng bic o vao phuong
trinh chuyén déng dé gidi phuong trinh chuyén déng tim
dugc tan s6 cla hé khi ¢é luc kich thich.

3. XAY DUNG MO HINH PHAN TU HUU HAN KHUNG VO
O0TO CON
3.1. Két cdu tdm méng

Két cdu tam thép mong CT3 don nhu trén hinh 1 la tdm
kim loai phéng c6 kich thudc 350x250 (mm), day Tmm. Két
cdu tdam mong kép co I6p giam chan nhu trén hinh 2, van 13
tdm thép mong cla két cdu don c6 dam thém Iép giam
chén cao su non.

350

250

Hinh 1. Két cau tdm maong
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Hinh 2. Két cdu hon hep tém mang cd 16p giam chén

1. Tam kim loai mong; 2. Lép giam chan
3.2. Xay dung mé hinh

M6 hinh tinh toan hé théng két cau tdm maéng don nhu
trén hinh 3 va 5. Khi tién hanh xay dung moé hinh gia thiét
tdm kim loai la déng nhat va déng tinh cac huéng. Tam kim
loai 4p dung mo6 hinh phan ti vé. Mé hinh dan héi ap dung
trong khodng tan s6 (1 + 200)Hz E = 7,1.10°Pa; hé s6
passon g = 0,45, khdi lugng riéng & = 7860kg/m”.

Mé hinh tinh toan hé théng két cau tdm mong kép co
I6p giam chan nhu trén hinh 4 va 6. Tam kim loai 4p dung
mo hinh phan t vo, 16p gidm chan thi 4p dung phan tu
khéi 3D dé xay dung mé hinh, giira I6p dan héi va I6p gidm
chan ap dung phuong phap phéap diém nut chung dé mé
phong tac dung lién két. Trong mé hinh, khéi lugng riéng
I6p gidm chén 1a 1,2.10°kg/m?; khoi lugng riéng cla thép
tdm 1a 7860kg/m> mo hinh dan hoi 4p dung trong khoang
tan s6 (1+200)Hz; E = 7,1.10°Pa; hé s6 passon & = 0,45. Luc
kich thich P = 10N.

Madel inla; £/NCSMa binh/Tam mong kang/1 11/dac

fat

Hinh 3. Mo hinh tinh todn rung dong riéng tdm mang don

Modl infar E/NESMo heh/Tam mang khang/T11/deo_dong_s_da_tam_vs_cao_sul |

Hinh 4. M hinh tinh todn rung dong riéng tdm mang kép cé I6p giam chan
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Hinh 5. M hinh tinh todn rung dong tdm méng don c6 luc kich thich

Hinh 6. M hinh tinh toan rung dong tdm mdng kép ¢4 luc kich thich
4. PHAN TiCH KET QUA TINH TOAN
4.1. Két qua tinh toan rung dong riéng

Bang 1. Két qua tinh toan rung dong

Két qua tinh toan rung déng riéng tam kép c6 l6p giam chan

Bac modal | Tan s6 (Hz) Hinh dang rung dong

Resat: EANCS\Ma hinh!\Tam mang kh

1 244
2 50,0 _
ault’ EANCS\Mo hinh\Tam mong khang\tu do cao su\da
Subcase | (lom
3 621 t: EANCS\Mo hinh\Tam mong khangitu do cao suldao_dong_tu_
4 Subcase | (loadstepl) : Mc

Nhan xét: Tur bang 1 ta thay, hinh dang rung déng cta
cac tam mong dan va tam mong kép khi c6 16p giam chan
déu giéng nhau, nhung tan s6 rung déng riéng clia tam
mong kép khi co I6p gian chan tang lén.

4.2, Két qua tinh tan rung ddéng c6 luc kich thich

Qua két qua phan tich rung dong riéng, ta c6 thé thay
rang, tai mot sé vi tri cdc nhitng rung dong I6n hon, ré rang
hon nhirng noi khac. Vi vay, phan phan tich anh huéng cua
tac dong kich thich sé chon mét s6 nat dac biét dé khao sat
va c6 két qua nhu bang 2.

Bang 2. Két qua tinh todn rung dong tai mot so niit dac biét

Két qua tinh toan rung dong riéng tam don
Bacmodal | Tan s Hinh dang rung dong

(Hz)
1 23,4

2 483 Result: E\NCS\Mo hinh\Tam mong khenghty do\dao_

’ Subcase | (loadsiepl) | Mode .

3 59,1 Result: EANCS\Mo hinh\Tam mong khangitu

Subcase | (loadstepl!)

Két qua tinh toan rung d6ng tdm | Két qua tinh toan rung déng tam
don kép cé lop gidm chan
Nt D0 thi rung ddng Nut D0 thi rung dong
1tam_485 2tam_485
20 15
485 | 485 0 |
T S o
- = ’ o ;I;J' 200 300 400
1tam_769 2tam_769
A 20
769 | 769 w0 |
| -J»M—\_.A—J_._ o l T S ——{
3 0 100 200 300 400 1] 100 200 300 400
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Nit 485 Nit 769 [8]. Huang Tianze, 1988. Bus body[M]. Changsha: Hunan University Press.

: [9]. Nguyen Quang Cuong, Nguyen Thiet Lap, 2018. Vibration analysis of the
Téng | - | frame structure of 30-seat passenger car, manufactured and assembled in
hop : ; Vietnam. Vlietnam Mechanical Engineering Journal, No 5.

[10]. Nguyen Quang Cuong, Nguyen Van Bang, Nguyen Thiet Lap, 2018.

Specific vibration analysis of car body frame structure. Vietnam Mechanical

Engineering Journal, No. Special.

Nhan xét: Khi cé luc kich thich tir bén ngoai, tai cac nut
[11]. HyperMesh Quickstart Guide and User's Guide.

485 va 769 thi bién d6 rung déng ctia tdim maéng kép cé 16p
giam chan déu giam di kha nhiéu.

5. KET LUAN
Bai bdo ng dung phan mén CAD dé xay dung mé hinh AUTHORS INFORMATION
tdm mong. Sau d6, Ung dung phuang phap phan tich CAE Nguyen Quang Cuong, Nguyen Thiet Lap

de tien hén,h phén ‘t'ICh md hinh trang thai cﬂa, két cau tam Faculty of Mechanical Engineering, University of Transport and Communications
mong c6 ké dén diéu kién bién va I6p gidm chan.

Thong qua tinh toan, phan tich déi véi mé hinh trang
thai cta két cdu tdm mong nhan thay khi o 16p giam chan
thi tan sé rung déng riéng tang lén, bién dé rung dong
giam, dé cling cua két ciu tang |én, ti€ng 6n sé giam di.

Hudng nghién clu nay dugc cac nudc cé nganh cong
nghiép 6 té phat trién nghién cdu tu rat sém. Song déi vdi
Viét Nam, né con la van dé mai mé chua dugc quan tam.
Noi dung nghién ctru nay mdéi chi la budc maé dau cho viéc
nghién clru rung 6n cda 6 t6, tang tinh tién nghi cho xe.
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