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Tom tat

Tiéng on 1a mét trong nhitng yéu té quan trong
dwoc c&c nha san xudt xe & t6 quan tdm do anh
huong cua nd toi sy thodi méi cua hanh khéch va
moi trwong xung quanh. Bai bao nay nghién cuu
tiéng on sinh ra trong qué trinh chuyén dong cua
xe 0 td. Nghién cizu nay gidgi quyér bai todn tuwong
tac giiza dong chdy bao vt thé va hién nrong phét
sinh, lan truyen séng am trong khdng khi. Cac tinh
toan md phong duwoc thyc hién trén phan mém
Siemens-StarCCM+ cho mé hinh mdu xe
MERCEDES BENZ S-CLASS 2013. Két qua md
phong cho phép danh gid do on trong xe tai cac
vdn toc di chuyén lon. Két qua vé trirong vdn toc
va trieong &p sudt duwoc ding d@é giai thich nguyén
nhan gay ra tiéng on, tir dé cé thé de xudt céc bién
phdp d@é giam tiéng on.

Tur khoa: On khi @éng hoc, tinh toan d@éng lirc hoc
dong chay.

Abstract

Noise is one of the most important factors that is
interested by car manufacturers due to it's effect
on the comfort of passengers and the surrounding
environment. This research focuses on the effects
of noise that is produced during the movement of
cars. We examine the interaction problem between
the flow through a object and the phenomenon of
generating and propagating sound waves in the
air. Simulation calculations are performed by
Siemens-StarCCM+ software for MERCEDES
BENZ S-CLASS 2013 models. The obtained
simulation results allow to assess the noise level
in the vehicle at high speeds. The results of the
velocity and pressure fields are used to explain
for the noise source. According to the results, we
offer several solutions to reduce the aerodynamic
noise.

Keywords: Aerodynamic noise, CFD.

1. Giéi thiéu

Ngay nay, su thoai mai cua hanh khach khi tham
gia giao thong ngay cang duoc coi trong khi nganh
cdng nghiép 6 t6 ngay cang phat trién va nhu cau su
dung cua khach hang ngay cang gia taing. Tiéng on khi
d6ng hoc 1a mot trong nhiing van dé duoc cac hang xe
chd trong cai tién dé nang cao chit lwong san pham.
Tai van téc 16n, dong chay caa khdng khi qua xe tao
ra tiéng 6n khi dong hoc khién hanh khach trén xe cam
thiy khdng thoai mai. Tiéng dn khi dong hoc dugc
chia 1am hai loai: Tiéng 6n do k& ho va tiéng 6n do su
nhidu dong gi6 [5]. Tiéng 6n k& ho xay ra khi vo xe
duogc 1am kin kém hay khi cira s6 hai bén hoac cua s6
troi dugc mé ra lam cho dong gié qua céc khe hé do
di vao bén trong khoang cabin. Tiéng 6n do su nhiéu
dong gio6 duoc gay ra boi sy va dap cua dong khong
khi véi vo xe, dac biét la sy va dap trén cac bo phan
nhu: Guong chiéu hau, gia dé hang, ang-ten, tru A, ...
Céc va cham nay lam cho dong khéng khi qua xe bi
nhidu dong manh gay ra tiéng 6n I6n [6]. Véi su phat
trién ciia may tinh ngay nay cho phép ching ta c6 thé
khao sét tiéng on khi dong hoc trén tirng mau xe tir d6
dua ra nhitng cai tién phu hop nhim han ché anh
huéng cua tiéng on khi dong hoc. Hon nira cac
phuong phap mo phong gilp chdng ta thuc hién tién
loi hon, c6 két qua nhanh hon va tiét kiém hon so véi
cac thir nghiém thuc té.

2. Phuong phap mé phéng sé

Pé thuc hién md phong anh huéng cua tiéng on
khi dong hoc 1én hanh khach trén xe, ching toi lua
chon phan mém mé phong Siemen-STAR CCM+ va
mau xe md phoéng la mau MERCEDES BENZ S-
CLASS 2013. Tur viéc md phong chiing t6i dua ra cac
dit liéu vé truong van tde, phan bé &p suat, mie cuong
d6 am tai cac diém khao sat, thong qua d6 dua ra cac
két luan vé nguyén nhan, mic d6 anh huong va dé
Xuat mot sb giai phéap cai thién van dé tiéng on khi
dong hoc.

Viéc md phong truong van téc, truong &m thanh,
phan b &p suit qua viéc sir dung phin mém STAR
CCM+ dugc dya trén phuong phap tinh toan dong hoc
chit long (CFD). Phuong phap nay bao gom cac
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phuong phap: mé phong dong xody Ién (LES), mo
phong dong xody khdng tap trung (DES), Reynolds
Averaged Navier Stokes (RANS) [7]. O trong md
phong nay st dung phuong phap Reynolds Average
Navier Stokes dé tinh toan cac théng sé dong chay.

2.1. Phwong trinh Reynold Average Navier-
Stoke ( RANS) [1]

Phuong trinh RANS 1a phuong trinh biéu dién thoi
gian trung binh chuyén dong cua dong chay chat long
trong khong gian, chiing duoc biéu dién bang phuong
trinh sau:

ou , _ou , _du , _om\ _ . 0p _
p( +uax+vay+waz)—Fx ax+uAu

at
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T cac phuong trinh trén ta c6 coéng thirc chung
trong khong gian:

at 6xj
—_—

oy, ap _ 6W
p o= F— i - p(5) (@)

2.2. M6 hinh lwéi dgng mo6 phong Smagorinsky
- Lily (SLM) [1] [3]

M hinh luéi SLM la dang mé hinh lui biéu dién mdi
quan hé gitra d6 dai va van toc theo phuong trinh sau:

u = p(CsA)?|S| ®)
|-S_‘| = ZSL]SL] (6)

A= (DA ,0,)5 @)

Trong d6: A 1a kich thudc ludi (d6 dai thanh phan
ludi theo cac phwong x,y,z lan luot 12 A,, Ay, A,),
Cs 1a hé s6 thuc cua SLM.

2.3. bong luc hgoc mo hinh SLM (DSLM)

Van dé gap phai khi sir dung m6 hinh lugi SLM la
chiing ta can hang s6 Cs ma hang s6 nay néu dugc do
dac bang cac phuong phap thuc nghiém s& dan dén két
qua md phong thiéu di su chinh xé4c. Khi s dung
phuong phap DSLM thi C, khdng con 1 hiang so nira

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

ma thay vao d6 chung dwogc xac dinh bang viéc giai
nghiém ciia phuong trinh chuyén dong xody. Tir do
phwong phép dong hoc mé hinh SLM s& cho ra két
qua V& cau trc cua dong xody chinh xac hon viéc sir
dung mo hinh SLM don thuan. Hé s Cs trong DSLM
dugc xac dinh nhu sau:

1 LySy

2
Cs=-—
2 MpmMmn

®)

Trong do:

+) My = B |3] 3 - (B)?

o

(S1Smn)

)

+) L;; latenxo g Suat ciia dong xody duoc Xac
dinh bang phurong trinh sau:
Lij =Ty — 1y (10)
Trong d6: T;; 1a &p suat dong xody & ludi sau khi
duoc loc hai lan va duoc biéu dién bang phuong trinh
sau day:

L oo

Tij =

uu;j ) uu; (11)
2.4. Phwong phdp mé phong @m thanh
Phuong trinh van téc &m thanh lan truyén trong moi
truong chat long:
ay = +/YRT, (12)

Trong dé:

+) ¥ latisd nhiét dung gitra trang thai dang ap va
dang tich caa méi trudng chat long khao sét;

+) R 1a hing sb khi phé quat;

+) T, lanhiét do tuyét dbi (Kelvin).

Sau khi cac tham sé van téc, tan s6, ap suét dugc
giai tir cac phuong trinh & trén, phan mém sé tiép tuc
chuyén cac tham sé d6 vé dang am thanh. Phuong
trinh FW-H duoc ung dung dé tinh todn muc cuong
d6 am, truong &m thanh do dong khdng khi gy ra trén
bé mat vo xe.

Phuong trinh FW-H dugc biéu dién nhu sau:

c(zzzgz - Vzp = %{[pwv n + p(un - Un)5(f)]} B

aixl_{[Pijni + pu;(u, — v, 16(H} + %{Tijl'](f)}

(13)
H(f) = 0 khi f(x;,t) > 0 (14)
5(f):6H(f) (15)

Trong do: ¢ la van toc am thanh, p 1a &p suat am
thanh, t 1a thoi gian, p,, 1a mat do ¢ diém vo cung, u
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va v lan luot & van téc cua dong va van téc ngudn
am trén bé mat vo xe, n; 1a vecto don vi, P;; latenxo
ung suat.

Phuong phap trén dung dé tong hop cac tham sé
da tinh duoc dé tinh toan sy phan b va lan truyén cua
am thanh. Sau khi phwong trinh FW-H duogc giai,
ching ta c6 két qua vé muc &p suat am thanh, mirc
cuong do &m thanh do dong khdng khi di qua vo xe
gay ra.

Phuong trinh biéu dién muc cuong d6 am thanh
dudi dang Curle Noise:

1 (x-y) ap
a03)45[ z ot

P, t) = ot = D)|ndsm)

(16)

(4m

Trong dé:
+ p la mat @6 &m thanh;
+) a, lavan téc truyén Am trong mdi truong khao
sét;
+) t— aL |a thoi gian lan truyén;
0

+) p la 4p suat mat;

+) x & vi tri khao sét;

+) y vi tri diém nguon am;

+) r = |x-y| khoang cach gitra diém khao st va
nguon am;

+) n 1a vecto phap tuyén huéng ra.

Phuong trinh biéu dién muc cuong d6 am thanh
duéi dang Proudman Noise:

3 5
AP = ap, uT% (17)

Trong do:

+) a la hing sb twong quan véi van téc theo
phuong j;

+) U 1a binh phuong trung binh cac van téc thanh
phan;

+) po la mét do;

+) C, lavan téc am thanh.

Tdng quan Iy thuyét toan hoc duoc sir dung trong
bai md phong: Pau tién dong dugc tinh toan bang
phuong phap RANS. Sau d6 thuc hién tong hgp cac
thdng s6 vé sy phan bé &p suat, van téc dong khi. Cudi
cling, dya vao céc thdng sb da co dé giai phuong trinh
FW-H. Két qua thu duoc 1a sy md phong trudng am
thanh va tiéng dn khi dong hoc trén bé mat xe.
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2.5. M6 hinh md phéng

M6 hinh duoc st dung md phong l1a mau
MERCEDES BENZ S-CLASS 2013.
2.6. M6 hinh lwdi tinh todn va diéu kign bién
cac be mat

Luéi dugce st dung trong mé hinh md phong la
lu6i Trimmed Cell Mesh (cac 6 ludi c6 dang hinh hop
chit nhat).

b)

Hinh 1. M6 hinh mdu xe: (a) Md hinh méu xe trong

theec té; (b) M6 hinh mdu xe trong md phéng STAR
CCM+

Bdng 1. Thong sé xe khdo sat

Théng s6 Kich thudce (mm)
Chiéu dai 4.940
Chiéu rong 1.960
Chiéu cao 1.773
Chiéu dai truc co s& 2.933
Khoang sang gam xe 192

Kich thuéc co ban cia luéi & bé mat mé hinh xe
la 10mm va ¢ khong gian mién khao sat la 20mm.
Ludi duge lam min 50% so vdéi kich thudce co ban 6
ving khong gian gwong chiéu hau va khoang khdng
gian & ving khoang sang gam xe. Sb lugng ludi &
viing khao sét 12 7,21x10° luéi, & khu vire gwong chiéu
hau 1a 5,53x10° lugi va & khu vuc khoang sang gam
xe la 1,15x108 ludi.

Diéu kién bién cac ving duoc xac dinh theo Bang 2.

Bing 2. Piéu kién bién dp dung cho mé hinh

tinh toin
7 Loai diéu kén
. Bien vat .
Bién B bién dugc ap
ly
dung
Bé mat mo hinh xe | Vat rén Wall
Bién dong vao Khi Velocity inlet
Bién dong ra Khi Presure Outlet
Bé& mit xung quanh .
N o Vit ran Wall
mién khao sat

370

SO DAC BIET (10-2021)



TAP cHi ISSN: 1859-316X

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Vian tbc dong vao tai bé mat bién dong vao la
33,33m/s tuong duong véi van téc 120km/h. Thoi
gian gitta cac md phong (timestep) 1a 0,1s.

3. Két qua va thao luan
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Bé& mat xung quanh mién khao sat

Bién Bién
dong 88 dong
vao 7,’[@."“5 hinh 2

ra

| _J

Bé& mat xung quanh mién khao sat

c)
Hinh 2. Biéu dién lwéi trong md phéng:
(a) Lwéi dwoc 1am min ¢ khu viee guwong chiéu hau,
(b) Luéi dwoc 1am min ¢ khu vec khodng séang gam
xe; (c) Tén cac bién vdt li dwoc dinh dang.

3.1. Anh hwong ciia bé mdt xe tgi trwomg van
toc va trwong ap suat

Két qua truong van téc sir dung phuong phap
RANS qua mat cét ving guong chiéu hau dugc biéu
dién ¢ Hinh 3.

SO PAC BIET (10-2021)
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Két qua mod phong thu duoc cho thiy ton tai hai
viing xoay Vai van toc thap hinh thanh & khu vuc phia
sau guong chiéu hau. Vong xody van téc thap ¢ ving
khéng gian giita gwong chiéu hau va bé mat cua xe,
trong khi d6 dong chay di qua bé mat ngoai cua guong
chiéu hau tao thanh viing xody c6 van téc I6n hon. Céac
dong chay sau khi tao cac ving xody tiép tuc duoc
tang téc va va dap va bé mat xe gay ra tiéng on khi
dong hoc dang ké. D6 16n van téc ving gwong chiéu
hau bi bién ddi lon. Trong khi van téc dong vao la
33,33m/s (120km/h) qua bé mit guong chiéu hau da
tao ra su dao dong vé do lon van téc tir khoang
9,64m/s cho t6i I6n nhét 13 67,5m/s. Ap suat ghi duoc
& ving nay dao dong tir -1,8x10° Pa t&i 1,15x10° Pa.
Céc vuing c6 gia tri 4p suat am chu yéu ¢ viing xody
phia sau guong chiéu hau. Chinh diéu nay da tao ra su
thay d6i lon vé cau trdc dong hinh thanh xoéy trong
ving guong chiéu hau.

| Velocity: Magnitude (mis)
67.5

57.8
— |

48.2
385
289
19.3
.64
o

Velocity: Magnitude (mis)
675

lsm
=

48.2
385

89

193

9.54

n

Velocity: Magnitude (mis)
67.5

ISTB
=
48.2

385

89

c)
Hinh 3. Trwong vdn téc qua tgi mdt cit viing guwong
chiéu hdu theo théi gian:
(a) t=1,1s; (b) t=1,3s; (c) t=1,5s
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Velocity: Magnitude (mis)
675

q I

a)

b)
Hinh 4. Biéu dién dong qua gwong chiéu héu:
a, Vén téc dong; b, Ap suét dong

Khi dong chay qua tru A, cac luong khong khi
chay bam vao cira kinh bén va kinh chin gié phia

Velocity: Magnitude (mis)

Pressure (Pa)

-1.350403
1760403
2.17e403
2.59403

b)
Hinh 5. Biéu dién dong qua tru A:

a, Vdn téc ciia dong; b, Ap sudt ciia dong
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trudc tir d6 phéan hai ludng tach nhau kéo theo mot
viing xody hinh thanh & phan giao nhau cua hai dong
tai tru A. Dao dong viing xody nay c6 tan s6 dao dong
khong Ién nhu ving xody ¢ ving guong chiéu hau
nhung ving xody rong hon, trai doc theo tru A nén
chung ciing gay ra mot luong tiéng on khi dong hoc
dang ké. Mic du hinh dang ciu tric dong bi bién thién
nhé hon so véi viing & guong chiéu hau nhung d6 Ion
van tc bién thién van dao dong trong khoang 9,71m/s
dén 68,6m/s déi voi van tc va -1,35x10%Pa téi 309Pa
dbi vai p suat. Cac ving co gi tri van téc, ap suat
bién thién 1on tap trung gan sat & bé mit tru A.

Qua phan két qua md phong nay chung ta ciing ¢
thé thdy mot phan I6n dong chay sau khi di qua bé mat
xe dd giam dang ké van toc va hinh thanh céc dao
dong ¢ ving dubi xe. Cac dong chay ¢ vung dudi xe
khong tao ra cac xody nhu ¢ hai ving truéc nhung
ching ciing hinh thanh cac dao dong vai bién d6 va
tan sb twong ddi 16n, tir d6 phan dong chay hoi tu &
phia sau dudi xe ciing s& anh huong twong ddi 16n téi
muc d6 6n cua ngudi ngdi & hang nghé sau.

Phan gam xe la phan c6 sy bién d6i dong I6n nhat
ca vé do 16n va dién tich viing bi bién déi.

Tir két qua md phong o Hinh 6 ta thiy rd duoc su
thay ddi vé trudng van téc va dp suit & ving gam xe.

Velocity: Magnitude (mis)

Pressure (Pa)

-1.32e+03
1750403

2180503

b)
Hinh 6. Biéu dién dong qua banh xe:

a, Vdn téc dong; b, Ap sudt dong
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Dong chay bi bién dong khi va dap véi gam xe va banh
xe gay ra sy nhidu dong dong trén mot vang dién tich
I6n kéo dai tir phan dau xe cho téi mot khoang lon
phia sau dudi xe. C6 thé thiy ca v& van toc va ap suét
déu bién thién I6n hon nhiéu so véi cac viing khao sat
trude. Po 16n dao dong van tdc ving nay van tuong
dbi gidng hai vung trudc khi khoang dao dong van toc
ving nay 1a 9,91m/s cho dén 69,4m/s. Trong khi d6
khoang dao dong cua &p suét la tir -1,75x10%Pa toi
839Pa.

So sanh cau tric dong chay giira vang khong gian
phia sau gwong chiéu hau va ving khéng gian xung
quanh tru A qua hai Hinh 7 va Hinh 8 ta thiy duoc
rang cau tric xody ¢ ving phia sau guong chiéu hau
12 1 rang hon rét nhiéu so véi ving khéng gian & try
A. Hién tuogng cho thay anh huong cua hinh dang
guong 1én mic do on khi dong hoc 16n hon nhiéu so
Vi tru A,

Velocity: Magnitude (mis)
127185 36 528 70

Hinh 7 . Cdu trac dong viing tru A

Velocity: Magnitude (mis)

Hinh 8. Céu triic xody viing gwong chiéu hgu

Nhu di trinh bay & phan trude do bién thién vé van
tdc & viing gam xe 1a rat I6n ca vé d6 16n 13n viing anh
huong. Céc két qua vé cau tric dong & viing nay duoc
biéu di&n trong Hinh 9 va Hinh 10 cho thiy dong chay
& ving nay c6 ciu trdc xody phirc tap hon nhiéu so
vé6i viing kinh chiéu hau va vung tru A.

3.2. Két qud va thao lug@n mikc cwong dg am tai
cac vi tri khac nhau

Khao sat mirc cuong do am tai cac diém (1) va
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(2) 1a cac diém & viing cira s6 bén phia trudc - noi gan
V6i tai ngudi 1ai, trong khi d6 cac diém 3 va 4 la cac
diém gan voi hanh khach ngdi phia sau, diém 5 la
diém nam & viing xody phia sau guong chiéu hau. Cac
diém khao sat dugc biéu dién nhu Hinh 11.

Velocity: Magnitude (m's)

Hinh 9. Céu tritc xody viing bdnh xe phia trvéc

Velocity: Magnitude (mis)

70
'515

Hinh 10. C4u trdc xody viing banh xe phia sau

Hinh 11. Céc diém thyec hién khdo sat md phéng
Mikc dp tiéng én khi dpng hoc

Két qua cua su phan tach ludng qua cac vi tri cua
bé mat xe dwoc md phong qua phuong phap RANS
(1) dugc chuyén thanh dit liéu vé cudong do am va mic
cuong &m qua viéc tinh toan phuong trinh Flows
William-Hawking (13) théng qua hai kiéu hién thi
Curle Acoustic (16) va Proudman Acoustic(17).

Céc két qua mirc cuong d6 am thu dwoc phii hop
v6i két qua vé truong van tdc, trudng 4p suat va cau
trdc dong & trén. Mic cudng do &m on khi dong hoc
cang I6n tai cac viing c6 bién d6i dong chay cang Ion.
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Sy bién thién vé& do 1on van tc, ap suét, cu tric dong
xay ra [6n nhat tai khu vuc gam xe thi két qua vé mic
cuong d6 &m tai ving nay ciing 1a 16n nhét, véi muc
cuong d6 &m 16n nhat tinh toan dwoc & ving nay la
83,3dB, va ving c6 tiéng on 16n phan bé rong, gan
nhu bao tron ca viing gam xe. Di véi khu vuc gurong
chiéu hau, cac xoéy xuat hién ngay sau khu vuc guong
chiéu hau din dén két qua mirc cudng do am tinh toan
dugc ¢ vang nay la 16n nhat, dat ngudng 87,4dB. Tuy
nhién ving gay ra tiéng 6n chi & trén mot ving dién
tich khdng qua Ion, kéo dai tir gwong chiéu hau toi hét
phan cua trudc cia xe. Cang xa cac khu vic xody mic
cuong do &m giam dan di va vé mirc gan 0dB ¢ rat xa
cac ving xody. Di vai viing tru A- ving ¢6 su bién
thién dong nho nhit so vai hai khu vuc con lai, mac
cuong d6 &m 16n nhét ghi nhan dugc 1a 73,3dB (thip
hon so véi hai viing con lai). Vung dién tich gay tiéng
on chu yéu tap trung ngay sat phan tru A va kinh chin
gi6 phia trudc, khdng lan rong nhu hai ving con lai.

Hinh 12.Phan bé mikc cuong dp am tai cac mat cdt:
(@) mgt cdt tru A; (b) mdt cit giwong chiéu hju;
(c) mdt cdt gdm xe
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Hinh 13. Phan bé mikc cuong dg am tgi bé mgt kinh

So sanh su phan bé tiéng on do do gwong chiéu
hau gay ra gitta md phong cua bai nghién cau nay va
mé phong dugc thuc hién bai Papoutsis-Kiachagias E.
M., Magoulas N., Mueller J [2] trong Hinh 14 va Hinh
15 ta thay rd dugc su twong dong trong phan b am
dn khi dong hoc. Cac hién thi vé& phan b mirc cuong
d6 &m 16n nhat tai cac vi tri phia sau guong chiéu hau
va bé mat kinh xe kha dong déu.

b)
Hinh 14. Phan bé mikc cwong dg am én khi dgng hoc

tai khu veee giong chidu hgu:
a) Bai nghién ciru nay.
b) Bai nghién ciru ciia Papoutsis-Kiachagias E. M.,
Magoulas N., Mueller J [2]
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b)
Hinh 15. Phan bé mike cuwong dg am én khi dgng hec
tai khu vuc kinh cita bén phia truéc xe:
a) Bai nghién cizu nay.
b) Bai nghién ciru ciia Papoutsis-Kiachagias E. M.,
Magoulas N., Mueller J [2]

Hinh 16. So d biéu dién sw thay déi mikc cwong dp am
tai cdc diém khdo sét

Hinh 16 biéu din su thay dbi mirc cuong do am
theo thoi gian tai cac diém khao sat (Hinh 11).

Qua so do trén ta thiy duoc tai nhitng thoi diém
ban dau dong khi bat dau lam cho mirc cudong do &m
on khi dong hoc tai cac diém khao sat tang dan Ién.
Sau mot thoi gian, dong chay 6n dinh, mic cuong do
am tlr 46 cling dinh hon. Tuy nhién, dong chay lic nay
van tiép tuc dao dong nho hon lc trudc gay ra su bién
dong nho vé bién d6 mic cuong d6 &m tai cac diém.

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

Diém 5 1a diém gan vi tri guong nhét- noi xay ra bién
ddi 16n nhat vé dong chay so vai cac diém khao sat
con lai nén mic cudong am tai diém nay tang 1én nhanh
nhat va cd gié tri 16n nhét tai thoi diém 6n dinh (dat
ngudng khoang 73dB). Piém 1 va diém 2 Ia hai vi tri
gan tai nguoi 1ai nhat nén anh huong 16n toi sy thoai
méi cua tai ngudi 1ai. Hai diém nay c6 toc do tang murc
cuong do &m gan giéng nhau, tuy nhién diém 2 van
tdc d6 tang mirc cudng 6 4m nhanh hon diém 1 vi né
& gan Véi vi tri cac ving xoay hon. Luc 6n dinh muc
cuong do am tai diém 2 (khoang 57dB) 16n hon so véi
diém 1 (khoang 50dB). Hai diém 3 va 4 14 hai diém
gan Vi tai ciia ngudi ngdi phia sau nhit. Mirc cuong
d6 &m tai thoi diém 6n dinh caa hai diém nay lan luot
la: 59dB va 70dB.

Thong thuong, mic cuong d6 4m ma tai nguoi
chiu dugc 1a khoang 125dB tré xubng, tuy nhién tai
ngudng khoang 60dB tré 1én da bat dau gay cam giac
khé chiu cho ngudi nghe [4]. Nhu vay, néu am thanh
tai cac diém khao sat nay truyén truc tiép ti tai thi s&
gay cam giac kho chiu cho ca nguoi l4i 13n hanh khach
ngdi phia sau.

4. Két luan

Vén d tiéng on do dong chay bao quanh 6 t6 da
duoc nghién ciru thdng qua mod phong sb tinh toan
dong chay bao quanh xe va tiéng on do dao dong ap
suit trong dong chay. Két qua md phong cho biét
treong am thanh duoc tao ra trong qué trinh xe di
chuyén, ngudn phat am thanh ciing dugc khao sat. Mo
hinh md phong s6 tiéng on khi dong c6 thé duoc tng
dung trong thiét ké hinh dang khi dong hoc cua xe
nham giam tiéng 6n do xe gay ra trong qué trinh di
chuyén, tao su thoai méi cho hanh khach trén xe.
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