NGHIEN CUU - TRAO DOI

PNG DUNG PHUONG PHAP PHAN T HrU HAN DANH GIA ON
RUNG XE SUV

APPLICATION OF FINITE ELEMENT METHOD TO ASSESS NOISE AND
VIBRATION OF SUV

Vii Hai Quan*, Pinh Hoai Pirc, Nguyén Dirc Hai
Trudng Co khi — O t6, Pai hoc Cong nghiép Ha Noi

*Email: quanvh@haui.edu.vn
TOM TAT

MGt trong nhitng yéu té dnh hwong dang ké dén trai nghiém va sw thodi mdi ciia nguoi ngoi
trén xe la tiéng on va dé rung dong (NVH). Nghién ciru ndy tdp trung phdn tich tiéng on voi doi
tiwong SUV Mercedes G63 bang phwong phdp phan tiv hitu han (FEM) dé mé phéng mirc dp sudt
dam thanh dvoc tao ra trong khoang ca bin voi hai dang kich thich dau vao dic trung cua dia hinh
giao thong tai Viét Nam. Két qua cho thdy sw cong huwdng gitta két cau than vé va khoi khong khi
trong xe déng vai tro quan trong trong viéc gia ting cwong do rung dong, dnh hieong tiéu cuc dén

sy thoai mdi cua nguoi ldi.
Tir khéa: NVH; Rung én 6 t6; Rung on than vé; PTTH.
ABSTRACT

One of the factors that significantly affects the experience and comfort of vehicle occupants
is noise and vibration (NVH). This study focuses on noise analysis with the SUV Mercedes G63
using the finite element method (FEM) to simulate the sound pressure level generated in the cabin
with two types of input excitations typical of traffic terrain in Vietnam. The results show that the
resonance between the body structure and the air mass in the vehicle plays an important role in

increasing the intensity of vibration, negatively affecting the comfort of the driver.
Keywords: NVH; Car noise and vibration; Body noise and vibration; PTTH.
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1. PAT VAN PE

Sy bung nb dan sb va do thi hoa dan
dén nhu cau gia ting cac phuong tién hién dai
nhu 06 t0, dac bi¢t la SUV véi dong co manh va
khung gdm cao. An toan va sy thoai mai cua
ngudi l4i 14 uu tién hang dau, voi cai thién stc
khoe va hiéu qua diéu khién xe SUV 1a yéu t6
quan trong trong giai quyét cac van dé kinh té,
moi trudng va giao thong. PO dn va rung tir
két cdu than vo anh huong dén sic khoe, kha
nang tap trung cua tai xé, ting nguy co tai nan,
gdy mét moi, cang thang, va c6 thé lam hai dén
cot séng, hé than kinh, hé tiéu hoa va tim mach
[10], [11]. Nhiéu qudc gia nhw EU, Nhat Ban,
My, va buc da ban hanh quy dinh nghiém ngét
vé mic do on va rung cho phuong tién giao
thong. Nghién ctru vé& d6 on rung gitup cac nha
san xuat tuan tha quy dinh, tranh bi phat va
nang cao thuong hiéu, dong thoi thic dy ap
dung cong ngh¢ mai, cai thién chét luong xe.

2. NOI DUNG NGHIEN CcUU
2.1. Nguyén nhén 6n rung trén xe SUV

Rung dong la sy dao dong co hoc cua
than xe do cac yéu té nhu df)ng co, hé théng
treo va diéu kién duodng. Tleng on phat sinh tur
dong co, 16p xe, gid va cac yéu to bén ngoal
[1]. Tiép xuc lau dai v6i rung va 6n c6 thé dan
dén cac van dé suc khoe nhu dau dau, mét moi,
cang thang va cic van dé vé thinh giac [10],
[11]. Rung dong c6 thé anh hudng dén hé than
kinh va hé tuan hoan cta ngudi l4i.

Rung va On c6 thé 1am giam kha ning
tap trung va phan ing cta nguoi lai, tang nguy
co tai nan giao thong. Chét luong lai xe co thé
bi suy giam do sy phan tim va mét mdi do moi
truong rung va on.

Céc yéu té anh huong dén rung va on
trong 6 to [4] bao gébm dong co va hé théng
truyén dong, hé thong treo va khung gam, 16p
xe, vat lidu va cau tric noi that trong xe, hé
théng xa va hé théng diéu hoa khong khi,...

Cac yéu t6 anh huong dén rung va 6n
trong 0 t6 bao gém két cau, hinh dang khi dong
hoc cua xe va bién dang mat duong [3], [4].

2.2. Phuwong phap phin tir hitu han va ham
truyén tiéng on

Phuong phap phéan tir hitu han (Finite
Element Method - FEM) 1a mét ky thuat sb
duogc sir dung dé xap xi 10 giai ctia cac bai toan
md ta bang phuong trinh vi phan dao ham riéng
trén mién xac dinh c¢6 hinh dang phuec tap hodc
diéu kién bién da dang ma khong thé giai chinh
xé4c bang phuong phap giai tich.

Phuong trinh vi phan ciia chuyén dong
chiu tac dung cua céc luc diéu hoa dugc sir
dung cho cac nhi¢m vu dong hoc bao g@)m viéc
xac dinh cac dac tinh rung ctua xe: ndi chung,
phan tich NVH dugc xac dinh boi tham $6:

MI{i(0} + [BI{u(t)} + [K]{u(t)} = {P(w)}e** (1)
Trong do:

[M] 1a ma tran khdi lugng; [B] 1a ma
tran giam chan; [K] 1a ma tran do ctng; {ii(t)}
1a vecto cot cua gia toc nat dudi dang ham thoi
gian; {u(t)} 1a vecto cot ciia toc do nit 1a ham
thoi gian; {u(t)} 1a vecto cot ctia chuyén vi nut
1a ham thoi gian; {P(w)} 13 lyc diéu hoa bén
ngoai.

Phuong trinh dong hoc két ciu khung
vO SUV dudi su kich thich nhu sau:
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Mg + Cx + Kx = f(t) @)

Trong d6: M — Ma trdn khdi lugong Kkét
cdu; K — Ma tran do cung két cAu; C — Ma tran
do can; X¥— Vector gia tde nat; x — Vector van
téc nut; f(t) — Vector tai ham bién thién theo
thoi gian.

Phan tich dao dong rleng giup tinh todn
hinh dang dao dong va tan sd riéng ciia mot hé
két cAu. Tan sb riéng cua hé phy thudc hoan
toan vao do cimg cua két cdu va khdi luong
tham gia, bao gdm ca trong luong xe cing véi
cac diéu kién bién lién quan [1]. Khi loai bo
tdc dong cua ngoai luc va hé ) dap tat dao
dong, phuong trinh dao dong tu do duoc rut
gon thanh:

Mx + Kx = 0 3)

2.3. Phan tich rung dong c6 luc kich thich
trurc tiép

Trong phén tich phan Gng tan sb truc
tiép, thong qua viéc st dung dai s6 s6 phirc
dé giai hé phuong trinh ma tran twong tac, co
thé tinh toan dugc phan ung két cdu véi tan sd
kich thich rdi rac. Bat dau bang phuong trinh
chuyén dong rung dong cudng birc ¢6 lyc can
va kich thich song diéu hoa.

Mii + Cu + Ku = fel (4)

Trong d6: Q — Tan sd gbc ma tai do tai
duoc ap dung; f— Véc to tai; M — Ma tran khdi
lugng; C — Ma tran giam chan; K — ma tran do
C}’Ing; ii, 11, u- Dich chuyén phirc, van téc, gia
toc.

Kich thich diéu hoa duogc ap dung co
thé dugc gia dinh dé tao ra phan uing diéu hoa
ma tai d6 cac dao ham cua ching dugc viét la:

u = ude'™ (5)

Thay thé d4p tmg diéu hoa gia dinh vao
phuong trinh (4) va viét lai ma tran giam chin
CC, ta duoc:

[K — QM +iGK +iC,, +iQC Jde = fe* (6)
3. KET QUA

3.1. M6 hinh PTHH thian vé xe SUV
Mercedes G63

Chia luéi 1a budc nén tang dé thiét 1ap
moé hinh tinh toan. Chét lugng cua ludi trong
mo hinh anh huéng dang ké dén do chinh xéac
ctia két qua mo phong, tham chi co thé gay sai
1éch trong qua trinh phan tich va danh gia. Do
d6, viéc chia lugi cho md hinh can duoc thuc
hién sao cho dam béao chat lugng ludi dat muc
t6i wu.

Hinh 1. Mé hinh phan xe SUV Mercedes G63 da
chia luoi than vo

Hinh 2. Chdt lwong lwéi ciia mé hinh xe SUV
Mercedes G63
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3.2. Phan tich két qua dao dong riéng

Mot s6 két qua phan tich dao dong riéng
than vo va khoi khong khi xe SUV Mercedes
G63:
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Hinh 3. Két qua phdn tich dao déng riéng than vo
SUV Mercedes G63
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Hinh 4. Két qua phan tich dao dong riéng khoi
khong khi trong SUV Mercedes G63

3.3. Phin tich d9 on tai vi tri nguoi 13i sau
khi chju kich thich ciia mat dwong véi tan so
dieu hoa (Frequency response analysis)

8=32m
T=077Ts

Hinh 5. Go giam téc lwa chon khdo sdt
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Cau trude Cau sau
Hinh 6. Luc tac dong lén cau trudc va cau sau cua
xe khi di trén go giam toc

Tu két qua luc kich thich tdc dong lén
hai cau trudc va sau thu dugc trong thoi gian
12.5s, c6 thé thay luc tac dong 1én cau trudc va
cau sau ctia xe khi di qua go giam toc c6 dang
dao dong diéu hoa. Bién d6 dao dong cua cau
sau 16n hon cau trudce, do dic diém hé thong
treo va phan bd trong lugng xe. CAu trude chiu
tac dong trudce, sau do maéi dén cau sau, c6 thé
gdy ra mot do tré pha nho. Bién d6 dao dong
ban dau 16n hon va giam dan theo thoi gian,
cho thay h¢ thong treo hap thu va giam chan
hiéu qua.

3.4. Phin tich d9 on tai vi tri nguoi lai sau
khi xe di trén mat dwong khong bang phang
(Transient response analysis)

Hinh 7. Bién d¢ mat dwong CD trong thoi gian t6i
da 12.5 giay

.....

thén gian (s)

Hinh 8. Luc kich thich tir mat duong CD tac dung
lén cau truoc
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Hinh 9. Luc kich thich tor mat dwong CD tdc dung
lén cau sau

Nhu vay, & khac véi lyc kich thich diéu
hoa tir go giam tdc, luc kich thich do mit dudng
CD tac dong 1én hai cau c6 tinh chit phuc tap
va khong diéu hoa nhu khi xe di qua go giam
tdc. Cu thé, bién do dao dong ctia mat duong
CD thay ddi ngau nhién theo thoi gian, dan dén
luc tac dong 1én cau trudc va cau sau ciing c6
dang nhidu dong khong tuan hoan, véi bién do
dao dong bién thién manh. Piéu nay phan anh
tinh chat ngéu nhién cua mat duong thuc té,
khac voi tac dong co chu ky tir go giam tdc.
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Ap sudt am thanh (dB)
Hinh 10. Ap suat am thanh thu dwoc tai vi tri
nguwoi ldi trong toi da 12.5 gidy

Tir két qua ap suat am thanh thu dugc
tai vi tri nguoi 1ai (hinh 10) c6 thé nhan thiy
murc ap suat am thanh khé cao dao dong manh
theo thoi gian v6i bién do thay doi khong déu.
Biéu d6 4 ap sudt 4m thanh (Pa) cho thiy tin hiéu
c6 tinh chat khong diéu hoa, phan anh sy anh
huong tor dao dong trong khoang nguoi lai.
Trong khi d6, mirc ap suat am thanh (dB) duy
tri & mic cao voi nhiéu dinh va day, cho thay sy
bién dbi lién tuc vé cuong do 4m thanh do kich
thich mat dudng. Piéu nay c6 thé anh hudng
dén sy thoai mai ctia nguoi lai, dic biét néu
muc do dao dong qué 16n hoac kéo dai.

TR

Hinh 11. Mikc dp sudt am thanh theo thanh phan
tan s6

C6 thé nhan thdy d6i voi dai tan sb
0-200 Hz tir kich thich mat dudng, ap sudt am
thanh c6 sy dao dong dang ké, v&i nhiéu dinh
va muc bién thién khong dong déu. Pic biét,
bién do ap suat am thanh c6 xu hudng ting lén
& hai dau dai tan sb, cho thiy sy anh hudng
manh cta rung dong tan s6 thip tir mat duong
dén moi tru’(‘mg ém thanh trong xe. Diéu nay c6
thé gay ra tleng on kho chiu cho ngum lai, dac
biét & cac tan sd cong hudng véi cu trac xe
hoac khoang lai.

4. NHAN XET VA KET LUAN

Két qua mo phong cho thay anh hudng
dang ké ctia 6n va rung than xe doi voi nguoi
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lai, dac biét dudi tac dong cua mt duong khong
bang phang va go giam tdc.

Mtrc ap suat am thanh mé phong cao
boi tac dong tir mit duong, co ché truyén dong
va dac tinh cong huong cua than xe. Luc kich
thich tor mat duong CD c¢6 bién d§ dao dong
manh va ngﬁu nhién hon so véi lyc diéu hoa tir
gd giam tdc, 1am ting do rung cua hé thong treo
va khung xe. Khi tan s6 rung dong tring véi tan
) cong huong cua than xe, hién tuong khuéch
dai dao dong xay ra, din dén mtrc ap sudt Am
thanh cao trong khoang lai. Ngoai ra, khoang
1ai hoat dong nhu mot budng cong hudng kin,
khién am thanh doi lai va gia ting d6 on tong
thé, dac biét ¢ dai tan sb thap (0-200 Hz).

Dé cai thién van dé nay, can tdi vu hoa
hé thdng treo dé giam thiéu rung dong truyén
1én than xe, dong thoi gia cd khung xe dé han
ché cong hudng. Viéc nang cip vat lidu cach
am, dic biét o san xe, cira va kinh chan gid, s&
gitip giam murc 4p suit Am thanh trong khoang
1ai. Ngoai ra, diéu chinh thiét ké noi that nham
han ché hién tuong doi am cling la mot giai
phép hiéu qua. Nhitng cai tién nay khong chi
gitip giam On va rung ma con nang cao sy thoai
mai va gidm mét madi cho nguoi lai khi van
hanh xe trong thoi gian dai.«
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