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TOM TAT

Bai bdo trinh bay cdc mé hinh phan tir hitu han dé nghién ciru déc tinh rung déng riéng,
phdn bé on trong khoang xe va tiéng on trong 6 t6 do khung vé gdy ra khi cé kich thich cia dong
co. Tiéng on trong khoang xe diroc mé phong trén phan mém phan tir hitu han. Trén co sé phan tich
rung dong riéng va phdn bé on trong khoang xe, bai bdo tién hanh tinh todn, mé phéng tiéng on
trong khoang xe do rung dong ciia két cau khung vé dudi sw kich thich tir ddng co. Pong thoi, phén
tich tiéng on trong khoang xe cé ké dén twong tdc ciia séng am giita khoi khi va két cau khung vo
xe. Théng qua cdc két qua nay cé thé so bé danh gid dwoc tinh ning két cdu cia khung vo é t6 con

va tiéng on trong khoang xe do rung dong ciia két cau khung vé gdy ra.

T khéa: Két cdu khung vé 6 t6; Rung déng khung vé 6 té; Phéan bé on; Tiéng on trong
khoang xe; Panh gid két cau khung vo; Kich thich tir dong co.

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
when mounted in the vehicle. Through these results, it is possible to preliminarily assess the

structural features of the car body, as well as the effect of the structure on the in-cabin noise level.

Keywords: Automotive frame structure;, Modal analysis; Automotive frame vibration,

Automotive cabin noise; Automotive structure review, Engine vibration effects.
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1. PAT VAN DPE

Tiéng On trong ciia 6 to (con goi la
tiéng on khoang xe) ngay cang thu hat dugc sy
quan tdm ctia ngudi sit dung. Tiéng 6n khoang
xe khong chi 1a mdt chi tiéu quan trong danh
gi4 tinh tién nghi cta 6 t0, ma n6 con la mot
chi ti€u chinh dnh hudng dén viéc tiéu thu san
pham. Nguyén nhan chinh gy ra dn trong xe
con 13 rung dong cua két ciu khung vo xe.

Khung v6 6 t6 chiu su kich thich rung
dong trong khoang tan sé rong. Cac rung dong
nay s€ sinh ra cac vung cong hudng va hudng
vao trong khoang xe, buc xa ra tiéng on [1].
Vi vay, dac tinh rung dong cuia khung vo anh
hudng tryc tiép dén dic tinh tiéng On trong cua
0 t6. Hién nay, co ba phuong phép phan tich
dic tinh rung dong cua két ciu khung vo xe:
phuong phap phan tich mo hinh trang thai bang
phan tir hitu han [2]; phuong phap phan tich
mo hinh trang thai thuc nghiém [3]; va phuong
phap phan tich tong hop [4]-[6]. Thong qua
phan tich rung dong riéng khung v xe, co thé
st dung cac két qua d6 dé 1am co so tién hanh
cai tién két cau khung vo nham han ché tiéng
on trong xe [7], [8].

Trong céc nghién clru trudc day, nhom
tac gia da tién hanh mo phong rung dong riéng
cua than vo 6 td con [9]. Nghién ctru nay st
dung phuong phap phan tich mo hinh trang
thai bang phan tir hiru han, day ciing 1a phuong
phap dugc ding phd bién nhat hién nay. Trén
co s d6, nhom téc gia da tién hanh phan tich
rung dong cua than vo 6 t6 con dudi sy kich
thich cua dong co va mat duong [10].

Bang cach phan tich tiéng 6n khoang xe
¢6 thé xac dinh dugc phan bo tiéng on trong
khoang xe va ving tiéng 6n cong huong, tir d6
c6 duogc bién phap xu ly.

2. CO 56 LY THUYET PHAN TICH
TIENG ON TRONG KHOANG XE

Phuong trinh tiéng on c6 ké dén twong
tac gitra két cau va thé khi khi c6 kich thich:

S il [ clfid+ o G- @

Giai phuong trinh (1), ta duoc chuyén
vi va 4p sudt am nhu phuong trinh (2):

g} = [0 Hajs {p} = [®Has (@)

Trong do:

[@] - Hinh dang riéng cua két cdu
khong giam chan, khong tuong tac;

[®] - Hinh dang truong am khoi on
khong giam chan, khong tuong tac;

{q,} - Bién do modal hodc ham s
modal co ban ciia két cu;

{q,; - Bién in modal hodc ham s
modal co ban cua khoi khi.

Cac ham modal hodc ché do hinh dang
cho phép chuyén dbi tir khong gian vat 1y sang
khong gian trang thai (modal). Thay phuong
trinh (2) vao hé phuong trinh (1), ta dugc h¢
phuong trinh toa d§ dac trung.

s 07(ds s 07(qs ke
5wl 6 allad [ elG-6®
Trong do:
m, = ®I M, D, = @ MeD¢
k, = OIK @, kf ©f KOs @
¢, = OB, D, cs = Of BeD¢
a= @ Ad; f. =P,

Trong qua trinh 6 t6 lam viéc, dong co
khong can bang luc sinh ra rung dong, thong
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qua cac goi do dong co truyén dén khung xe,
dan dén cac tam mong than xe rung dong, tir d6
btrc xa ra tieng 6n hudng vao khong gian trong
Xe.

3. XAY DUNG MO HINH PHAN TU HUU
HAN KHUNG VO O TO CON VA KHOI
ON TRONG KHOANG XE

3.1. Xdy dung md hinh phan tir hiru han
khung vé 6 t6 con

Tir mo hinh 3D trén CAD, ta chuyén
sang phian mém Hypermesh. Tién hanh chia
ludi cho timg chi tiét riéng biét va xu 1y ludi
clia timg chi tiét, dam bao cac phan tir tir giac 1a
chu yéu.

Sau khi hoan thién chia luéi tién hanh
tao cac mdi lién két han. Cin ctr vao sb lugng
moi han xe thuc té, ta 4p dung phén tr han. Mo
hinh phan tr hitu han ctia khung vo xe nhur hinh
1. Sau khi thém kinh va canh ctra dugc mo hinh
khung vé day d ctia 6 t6 con nhu trén hinh 2.

Hinh 1. M6 hinh phan tir hitu han khung vo 6 t6
sau khi tao lién két [9]

Hinh 2. M6 hinh phan tir hitu han khung vo xe
day du

3.2. Xdy duyng mé hinh phin tir hitu han
khoi On trong ciia xe 6 t6

Khong gian tiéng dn trong xe la phén
khong gian trong xe duoc bao boc boi cac tim
vo xe va chua day khong khi. M6 hinh phan
to hitu han khong gian on trong 6 td con dugc
sinh ra truc tiép tir m6 hinh phan ttr hitu han cua
khung vo day du cua xe. Sau khi lam kin toan
b6 mé hinh két cdu khung vo xe con, thong
qua phan mém HyperMesh s& ty dong sinh ra
mo hinh phan tir hitu han khong gian on trong
khoang xe nhu trén hinh 3 va 4. Trén hinh 3
la mdt khong gian bén trong xe toan bd chi co
khong khi; con trén hinh 4 1a trong khoang xe
ngoai khong khi ra con co xét dén ghé ngf)i
Céc phan tir khong khi trong khoang xe va ghé
duogc chia nho thanh n phan tir va cac phan tir
nay dugc lién két “twong hd” v6i nhau tai cac
nut.

Hinh 3. M6 hinh khéng gian tiéng on trong ciia 6
t6 khong co ghe

i

Hinh 4. M6 hinh khong gian tiéng on trong ciia 6
16 co ghe
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4.PHAN TiCH PAC TINH RUNG ON CUA
KHUNG VO O TO CON

4.1. Tinh toan rung dong riéng ctia khung vé
0 t0 con

4.1.1. Két qud tinh todn

Két qua tinh toan rung dong riéng cta
khung vo 6 t6 con nhu trong bang 1. O day chi
lay 8 tan so dau tién.

Bdng 1. Két qua tinh todn mé phéng rung dong
riéng khung vo 6 to con

STT Tan s M5 ta hinh dang
Dang riéng | [Hz] rung dong

1 2223 U(‘)n cong phuong ngang
toan xe

2 27,19 | Xoén toan xe

3 38,46 | Rung dong cuc bd dudi xe

4 44,22 | Hop thanh xodn dau xe

5 48,99 | Rung dong cuc bo dudi xe

6 50,18 | Bién hinh cira gi6 noc xe

7 51.36 U(L)n cong theo hudng
thang dtirng

8 57,69 | Rung dong khoang hanh ly

Tién hanh phan tich so bo két qua tinh
toan, tan s6 rung dong riéng thir nhat 14 22,23Hz,
c6 hinh dang rung dong u6n cong theo phuong
ngang toan xe. Hién nay, cac xe con déu 1a loai
v6 chiu luc nén tan sd caa méd hinh trang thai
phd bién 1a tir 20Hz tr& 1én. Dang riéng tht
nhit ctia md hinh trang thai khung v6 6 t6 con
tinh toan phu hop.

4.2. Phan tich phan b6 on trong ciia xe 6 td
con

4.2.1. Mé hinh tinh todn phén bé on trong ciia
xe 0 to con

Ta dugc md hinh tinh toan phin bd
on trong cua 6 to khi khong c6 ghé va co ghé
nhu trén hinh 4 va 5. Trong mo6 hinh, loai phz:in
tr str dung 1 phan tir tir dién; tong sb luong
phan tir 1a 705615 phan tir; nhiét do 1a nhiét
d6 moi truong thong thudng, toe do truyén am
trong khong khi 1a 340m/s, mat d6 khong khi 1a
1,2kg/m?>.

4.2.2. Két qua tinh todn phén bo on trong ciia
xe 0 to con

Gidi bai toan trén trong hai truong hop:
khong xét dén vat liéu hut am (khong co ghé)
va c6 xét dén vat liéu hat am (c6 ghé), ta dugc
két qua tinh toan va hinh dang phan bd ap suat
riéng nhu cac hinh trong bang 2.

Bang 2. Két qua phdn bé on ¢ tan sé dién hinh

Khi khong c6 ghé Khi c6 ghé

- L V-

R 4

114,12 Hz -
109,32 Hz

*So sanh két qua gitta phan bo 6n khong c6 ghé
va c6 ghé & mot vai tan so:
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So sanh giira phan bd dn khi khong c6 ghé va cé ghé

Tén sb s A . 1A s 1 X

(Hz) Khi khong co6 ghe Khi co6 ghe

64,81 Phan b 6n béc 1 theo phuong X Phan bd on bac 1 theo phuong X
109,32 Phén b 6n béc 1 theo phuong Y (Bit loi) Phén b 6n béc 1 theo phuong X
111,19 Phan bd 6n béc 1 theo phuong X Phan b6 on bac 11:2;: 0 phuong Y (Bat
129,98 Phan b 6n béc 1 theo 3 phuong X, Y, Z (Bit loi) Phén b 6n béc 1 theo phuong Z
138,22 Phén bé &n bic 1 theo phuong Z Phan b6 on bac 1 theo 3 phuong X, Y, 2

(Bat Ioi)
161,77 Phén b 6n béc 2 nhiéu loan (BAt 1gi) Phén b6 6n béc 1

Vi X 1 phuong theo chiéu doc cua xe,
Y 1a phuong theo chiéu ngang bé rong cua xe,
Z 1a phuong theo chiéu cao ctia xe. Cac phan
bo On theo phuong X, Z 1a ¢6 loi vi cac dudng
“4m khong” nam & vi tri tai nguoi ngdi, khién
cho ngudi ngdi cam nhan tiéng 6n nhé nhat.
Véi phan b dn & cac bac cang cao thi 4p sut
4m phan bo thuong 14 cac hinh dang mang tinh
“nhiu loan” va 1a cac hinh dang khong t6t. Khi
xe khong c6 ghé, c6 dén 3 truong hop 1a bat 1o,
khi xe c6 ghé thi chi ¢6 2 trudng hop bét loi.

4.3. Phan tich tiéng on twong tac trong ciia 6
t6 c6 ke den luc kich thich ciia dong co

Khi tién hanh tinh toan phan tich truong
am, dé don gian hoa cho tinh toan, ta dua ra hai
gia thiét: (1) Két cau va truong am 1a hé tuyén
tinh khong thay di theo thoi gian; (2) Khong
khao sat dén dic tinh phirc tap cua séong am:
khuc xa, suy giam...

4.3.1. M6 hinh phin tich tiéng én twong tdc
trong cua 0 to co ké den lyc kich cua dong co

Pé tinh toan tiéng 6n trong xe khi cé
x¢t dén tuong tac va luc kich thich tir dong co,

trén co s& mod hinh két cdu khung vo diy du va
mo hinh phan bo on trong khoang xe, tién hanh
thém luc kich thich cua dong co quy vé tai vi tri
cac chan may.

Hinh 5. M6 hinh tinh todn tiéng on twong tic cé ké
déen kich thich cua dong co

4.3.2. Két qud tinh todn tiéng én trong ciia xe
0 to con khi khong co ghé va co ghé

Dung phin mém Hypermesh dé tinh
toan tiéng 6n trong cua 6 to co ké dén tuong tac
va kich thich cua dong co, voi tan so kich thich
trong khoang [20+200] Hz. Céc diém Iya chon
tinh toan 1a 04 diém tai vi trf tai cua lai xe, phu
va 2 ngudi ngdi sau 1ai va phu. O day khong xét
dén vi tri va kha ning hut 4m cua ghé ngdi.
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Bdng 3. Bang do thi tiéng on tai tai 4 nguoi trong xe khi cé kich thich ciia déng co

Vi tri Khi khong c6 ghé

Khi c6 ghé

P Dbl

Nguoi lai

[T e

Sau phu

Phan tich va so sanh két qua tinh toan tiéng on trong cua 0 to con khi khong c6 ghé va c6 ghé:

So sanh tiéng on tai tai 4 nguoi

Khi khong c6 ghé

Khi c6 ghé

Tiéng on 16n hon

Tiéng on nho hon

Tiéng 6n 16n nhét & vi tri nguoi ngdi ghé sau, phia
sau phu lai la 108 dB

Tiéng 6n 16n nhét & vi tri nguoi ngdi ghé sau, phia
sau phu lai 1a 96 dB

Ap suét tang dot bién pho bién trong khoang tir 60
Hz dén 80 Hz

Ap suét tang dot bién pho bién trong khoang tir 60
Hz dén 80 Hz

Bai toan thé hién day du anh huong
ctia két cau khung vo va khdi on khoang xe
dén tiéng On trong xe. Khao sat duoc kha ning
hap thy am ctia ghé ngdi, tir 6 cho thay tiéng
on giam di ro rét 16n nhat dén 13dB. Khi tinh
toan tiéng 6n trong khoang xe khong ké dén
vat liéu hut am cua ghé, nodi that trong xe thi
tiéng 6n 16n nhit 1a 108dB, khi chi xét dén hut

am cia ghé tiéng 6n di giam xubng con 96dB.
Nhu vay, khi xét dén hat Am cta ndi that trong
Xe va cac vat lidu cach 4m va hit m thi tiéng
on trong xe khoang xe con giam di rat nhiéu.
Tiéng on do két ciu ctia mang noc sinh ra 13
16n nhét, anh huéng rat 16n ¢ khu vuyc tai nguoi
ngdi trong xe. Tiéng 6n truyén xudng phia san

xe, khi truyén dén ghé thi dugc ghé hap thu mot
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phan va mot phan phan xa lam thay d6i huéng
truyén, dan dén tiéng on giam di rd rét va phan
bd hop 1y hon.

4.3.3. Pdnh gid két qua tinh todn

Vi ngudn kich thich tir dong co thi
khung xe rung dong véi bién do cuyec tri tai tan
s6 60 (Hz), bién d6 theo phuong thang dimg va
phuong doc 12 16n nhét, rung dong theo phuong
ngang 13 tuong ddi nho so véi hai phuong con
lai. Tai tan s6 160 (Hz), khung xe rung dong
tang 1én rd rét, rung dong theo phuwong thing
dung va phuong doc ting dong thoi, rung dong
theo phuong ngang khong dang ké.

Vi tde do lam viée cua dong co xang
6 t6 Toyota Camry nam trong khoang 700 dén
6000 (vong/phut ) trong tmg v6i 23,3Hz dén
120 (Hz) thi rung dong khung xe khong xay ra
vung tang bién do rung dong dot ngot. Do do,
khung vo 6 t6 thiét ké da tranh duoc cac ving
rung dong cong hudng trong ving toc do 1am
viéc cua dong co.

5. KET LUAN

Bai bao xay dung va giai cac bai toan
phan bo 6n trong khoang xe va tiéng 6n tuong
tac c6 kich thich trong khoang xe. Phan bo tiéng
on trong cua 6 t6 phu thudc nhiéu boi hinh dang
kich thudc khéi on va c6 chiu anh huong hat
am cua ghé. Su phan bd nay anh huong 16n dén
ap suat 4m trong ting khu vire khoang xe.

Két qua tinh toan cho thay vat liéu hut
am c6 tac dung gidm tiéng On rat 16n trong
khoang xe, gilip cho phan bd 6n hop 1y hon,

giam birc xa tiéng 6n nguoc tro lai sau khi di
qua vat liéu hat am. Tiéng 6n giy ra & vi tri
tai ngudi chiu anh hudng nhiéu béi mang noc,
két qua nay ciing phi hop véi két qua tinh toan
rung dong. <
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