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A Study on the Suitable Number of the Exhaust
Variable Valve Spring for Semi-active Muffler

Se Jong Park’, Kyoung Suk Park”, Ho Chul Seo’ and Sung Man Son""

ABSTRACT

The muffler which reduce the exhaust noise and vibration from engine influence on the engine performance.
Recently, exhaust variable valve has set up in the muffler controls the backpressure in the exhaust system. And
the backpressure variation according to the exhaust variable valve opening has developed the engine performance.
First, the preceding of structural analysis is needed and simulation experiment is requested for the study on the
design factor to influence on the operation of the exhaust variable valve. In this study, setting up the various
variables according to each composition element needed for the structural analysis of the exhaust variable valve,
it is experimented the analysis on the influence of each design factor with the calculation of stress distribution
and the displacement to cause about the backpressure for the valve through parameter study.
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Fig. 1 Structure of Semi-active Muffler modelling

EVVE Z&8 w55y o Ee F2E Fig. 1
% Zo}. weEd HEHe o9 Di‘éaiou/ﬂ 2
F2339 BFHE AASIL EVVE FE e 3
gjolc},

EVVY 7} REQa49 FAEE Fig. 20] Ue
WHalch.

EVVE 7431 e FEEL dIdd 2F
FHE FASD don A4z A 2o g
343 A §A4E n8drld mg dolsitt. w

\b hi
\plate ushing

housing

stopper

(b) Gate plate

(c) Valve A'ssy
Fig. 3 LS-DYNA finite element model for EVV

A g AR Y EES @3 JEe
EAQ%E AFF A4S AYE HolHE E&
g F dok. EVveY FA BELE 34 ZdoE,
B4, £2Z8, 2E¥, ;]"?—;é AfZEZ A H
o] g}, 7—?’44‘“”3} o #2858 A

r°"

138



HAF BN A5 - &G

B ALFER A23@ AsE

yi o] AA Aot v E g mdygo] g
T, WA Z4Ze] A W4 HE uE 4
29 24¥ 2ol o go] WErt, 53] Ed9)
Eg 2X8 2 A 18] 847 gon, 2y
Tl B2 Algto] 28€t}, 28y 2o /%
2284 71y do] o]F|HAAN HA TA
2 5934 oz 4% dMEAnE 22
F At feE 2Ye AL 2T EQ
Autocad®} Catia& Al-§3+3 29, Pre-post processor
Ql Hyper-MeshE o] &3l AAE FAstn A2
Aok AHdE 2dE 7122 39 ABAQUSY
LS-DYNAE ARg3te] Abatgich. = 2 233
ZNAA HEAE BE3] 2487] Y5t Z4 220
AHgE AEE nFsIPen, 22X ASE4
HolHE =¢std 4 stad.

LS-DYNAE A}-43led EVV 2dg e Az A4
€ Fig. 39 Jeluict.

2.2 EVV AA QX BN
EVV 22X AHNFE A0 287 U
Ho f&534 & EVV S 59 R¥XE
s} vheE Y oZey HAURAE BAMEch 72
AL weEd oE2 W EVve BAME S
HAgsted gk HAF Wols Fr1x] whgo
Jon], R HAE spEdEg AR Axy A
AR Rola, F WA Wy ZgolE 7
< Hulsls Aoltk. EVvVe ATy A

o). olu AXHE Hr)1ah7] Ysle] W
ol Basith. HyE A2X Yo NA, 94, A,
AfZzd et AT, vAY A4 298 &
Tl AASS Jrg 5 o

EVVe] 3o & 35 Rsis 8 W A
AYE AEdts A5 AA S Fig. 49 JEhS
o, AA A A JhRB B} AEEE T o
15mm A Eo|t},

EVVY SHEIEEE Fig. 59 Uelgon,
HAREEE Fig. 69 YeElich,

SEHEEIEY WHIARITE 3 Adzyoez
AR M wEstFo] 433 w2 AL &+ A
o =3 SellolEQ AN Yo Q) £
o] AFol Holdt A& & = Uk, 2 Shaftd}
Gate®] Revolute Jointol M= AFo] goo,

Revolute Joint®} A AlZA0] W x éﬂ;}:ﬂ 2t
ol el

Maintainence force of 15mm

Axis direction load . S . Defauit status

."’

Va|ve,v"'gata plate

Fig. 4 Operating process of plate and spring

sepl 1,1 el
Vonkezs

i3l

N e
el

Fig. 5 Stress analysis data of EVV

g i, i< e 01
legkxaens

R

il
[ ]

a2 el
bin= 0 e+

Fig. 6 Displacement analysis data of EVV

139



EEE Ry RRPE

&4

F=2FAFEIA A23W ASE

3. Evvel HE Y

EVVol A48 229 33458 787 9
sl 2Zy M4, A4, 2 AAE WA
2z Yol FAWEE st 2 2zy HY
Fo] thd 242 Fig. 73 2o
22890l AMHF(Coil)ol] WE AXY HAAS
JBEAE Fig. 8 o YERAUTH, AAF w3
e 2ZYo Wy WE Fig. 9o Jerd
on, O ABBAY) vHYHoZ Was= AL

o>'l

éL

AMF 158 2 AMF 13.894 1682
14 H3E & A9 aﬂtﬁ 0.36 mm4 o] 8 Hol

o ol AMF 158% EFROE 2388 Holg
Yoz AMEs S=oE & FFE vAA
e Ae &+ Utk

é Increase

Increase
10%

Free angle Q Dia of Wire %’“
2.8
i Decrease
10%

110

Free angle %—-_ Dia of wire
2.0

Free angle
13.8Coll 50

Decrease

Free angle
0

(b) Free angle (c) Dia. of wire (d) Air gap
. 7 Spring parameter of EVV

Number of coil {K)
Fig. 8 Coil number parameter of EVV spring

Prramatar(Co)

N

P =
S e
i et S
e
s

o

o0 il

Fig. 9 Compare displacement and reaction force of
coil number parameter in EVV

223 A7 Wd e 72N ARE
Fig. 100} Ueld Aoz A#BA7 48280 &
AL RE ¢ F U

2T NAL I THLE 3Y9 AF
S Yeld Aotk Agd] HEE 2ZTHS 024
£ 7IEoR 104 AOlE FI JdoH, TEIHY
of AMEE K@t Tt M 24 orde
A1) 2o.®

4

K, = Eﬁ;i

64[z DN +§(a, +a,)]

M
Ernd’ 7

K = 1 T80

64[n DN + 5(al +a,)]

_ Ernd*

3667 DN +389(a, +a,)

o714, E=19000 kg/mm’, d=02.4(ZLAA),
D=0 125(2YFA4), N=15.8(B4AF), a=23mm,

a; = 21 mm °]t}.

ZY AR & 22Xy vty AF S Fig.
119 Yeld Roz vXygHoz Wgse AE
o 4= ok, A A} $2.000M -23.4%, 2.8
200%% 58 WIS H 234% Ao)E HYL

140



GAE -4

MNEE . &4

I AYEFREA A23d AsE

o, 34 A7 Wsto] wat YL 0023 ¥ 10%

A e 2xgel FAd tAe dge M
Zo] ulate] 470l 2 Aoz weED,
o te S A% B4 JPE
Aol 08 Uy,

AXE
Ekican £ME
s, A4,

5.0
45t
4.0
3.5
% 3.0
E 25
K
a 20
15
0.5

Number of spring (K}

Fig. 10 Diameter parameter of EVV spring

Parameters Dismeter}

3

T

At SO
ey

T of

L[] {21}

Time

2
0 0%

Fig. 11 Compare displacement and reaction force of
diameter parameter in EVV

4. 2 B
2 AFAME W7ol ule $¥arE @
15}3}7} ¥ &ted FEME £3l9 Evv 2d8g 5
3 W ol 3}%%}‘ B E FY5o e
“’]’ @.’o @%E‘ :M
1) EVV A7 X & 2z 8o i3t ABTA=
AAZIES vim A BFate Aoz el

141

—

EA
)|

. Eriksson, L.,

. Oh, J. U. and Cha, K. J,

. Kim, M. H, Jung, W. 1. and Cheon, I. B,

. Tanaka, T. and Li,

o E@ 2EaF) He FEay Astol
Helst AR e 4BBAE Yoz o
g $4Y + YA

2) 229 AAAS U 4 A7 Au%

1747} Wstd wojc} oF 4%9] 7Adztols) ‘?a‘
Astgon, 47 Wl 043 E 2ol & o
oF 2099 AAdel AU, TFL 10%Y
Aol vlAE Gl uoksh, HFol

200 W& 30% ooz Aol AT, H4
o YT AL BT, HA, AT ¢o
& Yeutct.

% 7|
2 A7 A& T gy Juixrieste
Fdoll s A7 o] F o] Hoy, (F)MNEFT
Yzo] A=Y

anes
Munjal, M. L., “Analysis and Design of

Mufflers-An Overview of Research At the Indian
Institute of Science,” Journal of Sound and
Vibration, Vol. 211, No. 3, pp. 425-433, 1998.
“Mean Value Models for Exhaust
System Temperatures,” SAE 2002-01-0374.

“Noise Reduction of
Muffler by Optimal Design,” KSME Internationa
Journal, Vol. 14, No. 9, pp. 947-955, 2000.

“A
Study on the Flow Characteristics and Pressure
Loss of a Muffler for the Variation of
Volumetric Rate and  Offset,” Transactions of
KSAE, Vol. 8, No. 4, pp. 93-99, 2000.

Selamet, A., Denia,, F. D. and Besa, A. ],
“Acoustic Behavior of Circular Dual-Chamber
Mufflers," Journal of Sound and Vibration, Vol.
265, No. 5, pp. 967-985, 2003.

K., “An active muffler for
medium-duty diesel vehicles considering
accéleration characteristics," JSAE, Vol. 21, No. 4,
pp. 576-578, 2000.

. Lee, J. M., Kim, K. M,, Sohn, D. G, Lee, J. H,

Lee, Y. H. and Hwang, Y. H, "A Research on



WA w3 3 E4T  SRYIRHA A23F AsE

Characterisitics of Semi-active Muffler Using
Difference of Transmission Paths,” KSNEV, Vol
11, No. 3, pp. 401-409, 2001.

8. Norton, R. L., "Machine Design," Prentice Hall, pp.
1-984, 2000.

142



