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Perforating Process Analysis of the Muffler

Tube using Finite Element Method

Won-51k Hwang

Major of Design & Manufacturing Automation Engineering,

Graduate School. Pukyong National University

Abstract

A muffler is an important part used to reduce noise and to purify
exhaust gas in cars and heavy equipments. Recently there has been a
growing interest in the design and manufacturing of the muffler tube due
to the strict environment regulation. The shape of the muffler tube and
the number of the tube hole has been made variously according to the
weight and function of the car. The perforating at the muffler 1s to
pierce tube in rows using punch and die.

The perforating process technique of the muffler tube has been largely
affected by the die clearance and punch shape. In this study, finite
element analysis has been carried out to predict an optimal forming
conditions of the muffler tube using the DEFORM™-3D. Also its
simulation results were reflected to the forming process design for the

muffler tube. The perforating process is performed in the longitudinal



direction of the tube. According to the simulation results, when the shear
angle of punch was similar to the tube curvature, the optimal shape was
obtained and the stress of punch was minimized. Also when the
clearance of die was increased, die’s stress was increased as well, and
when the clearance of die was 0.lmm, the bwr was minimized and

optimal shear section was obtained.
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Max shear stress

Max tensile stress
Effective strain
Strain-rate tensor
Effective strain rate
Volumetric strain rate
Fracture strain
Deviatoric stress tensor
Surface traction
Velocity vector
Functional

Variation of functional
Effective stress
Maximum component of principal stress
Tangential stiffness
External load vector
Displacement vector
Internal force

Friction shear stress
Constant shear friction factor
Flow stress

Material constant

Strain hardening exponent
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A& AL Table 29

Table 1 Specification of the muffler tube

; ; : Perforating Hole
Diameter Length | Thickness Material area diameter
(mm) {mm) (mm) (mm) (mm)
101.6 430 20 SPCC 250 B

Table 2 Material properties of the muffler tube
Tensile strength Yield poi‘nt Elongation Hardness
(kg/mm°) (kg/mm?) (%) (HRc)
Min 30 Min 18 Min 25 60
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Bee 9% 9, rholet BlFRe B R siMo] Abg" daet T
MM Table 3% wuL Felelys @ NAGAE AW LR sx
23, upRgs 5o g2 21e mE EosiA d&stdrt
Table 3 Condition of simulation

Parameter Unit Value
Material Tube - SPCC
Punch, Die - SKD-11
Tube EA 25,000
No. of elements Punch EA 31,000
Die EA 58,000
Temperature T 20
Number of steps - 100
] Stroke per step 1T 0.03
i Friction coefficient - 0.08
Corner radius mm 0.1
Clearance mm 0.05, 0.10, 0.15
Punch shape - Case 1, 2, 3

Fig. 4= iAo 483 Fojoleddz=g el Zrgleln, Fgjoidze] =
A tho] T A wAvon HFahArt Fig. 5 Aol FHEE 9AY
e GER 2ol Case 18 A PFHe] Frel FHzt & gkl
T, Case 2% A FEHdol HAR AHoln, Case 3 AA gHHol FE
o ¥ vhoil #delt
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Table 43 2 ¥o] A&g wEefe] A¢ 2 A% eI

A4 Blze 194 1584, 29L 134 B =5 Fta, FHEE A4
# A How ggo] JYPH=E st
Table 4 Specification of the experimental muffler
Engine Maximum
e s . Inlet tube
Classification . surface Diameter |Length X
Back Material diameter
(ton) Power ssure temperature | (mm) | {(mm)
(kw) | PO T (mm)
(kPa)
46 1on - iy . .
245 10 SAID 360 320 930 1016
Excavator
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Fig. 7 Distribution of strain(step 30)
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Fig. 8 Distribution of strain{step 50)
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step 80

Siraan - Effectie
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Fig. 9 Distribution of strain(step 80)
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Fig. 10 Distribution of strain(step 100)

— 25 -



)
ﬁ i
T
"
iy

dlo

_IL_
-

o
jnis

o

)A
®o

fils)
=

7 2ol

. seto] LpEhy

120} 4]

T

e

| =]
-

]

A

=13
=

Fig. 13o 4= 3wto]

1
L,

R el

o

=l
Thy

i
iz

Bile

ol
i

olo

ol

fue!

ot
o

=

¢

A

o] 3w A

il

*
1

o

shgkol 7l g

T
pi

13l ol

2l

il

=

el

v

Mgz Fohecot s

?}

el

A

—

o uwel sEe] ¢

24

o=

= vhe} ol thol

v} Fig. 150lAM 1

o] &
AN AN

S

—

O

A
ol

o

it

fria o

5

c}.

7

_26_



Step 30

Sureas - Effectm
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Fig. 11 Distribution of stress(step 30)
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Fig. 12 Distribution of stress{step 50)
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Fig. 13 Distribution of stress(step 80)
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Fig. 14 Distribution of stress(step 100)

— 28 -



Load Prediction
Load(N)

B00

400 -

300

200

100

O - L 1
0 030609 121518212427 3

Stroke{mm)

L wemenme PUNCH

= |

Fig. 15 Load-stroke curve

_29_




Fig. 16214 Fig. 187}%]

2} 7}

i

i
L

FH Aol A

743

oly
.AO
0

o)
T
Hr

X

W

=] €]

%

A
o

71 Al el A

=
as

[E]

GEnRT) A

=

=R
AT A=

Ao &%

A
i B

o} &

o ]

e
1o

A
ol

i

o]
i

WA

| fzio]

F=3e]
Al

o) Bbgol A W] o] A A

[o2]
=

!

o
p

At o

ke

=N
ED

Al F

A A Al

i A -
%

L

H;{]fg

ol &

}

_30_



Stap 30 .. Toisin

it s

welode o sl
. 1 Dyes000

41000

Dhera0n L9 21e-001

0%e—001 - =T 5. 4ve-uut

S4e-001 2.7em-001

1003 1.10e-004
& 2 Tle-003 L0 1 1ue-004
1 41e+000 O 1.0%9=+000

Fig. 16 Distribution of Fig. 17 Distribution of

velocity(step 30) velocity(step 50)

wEeaty - (ofal

1.07e+000

8 Dum—001

2 (Be=001

. 2 4ze—00%
2 42R=007

ay
1} 0F=+000

Fig. 18 Distribution of
velocitv(step 80)



29 Wad we o

1

Al

e A%

o] g 2o

=
=

5.1.2

el

Folt}. Fig 19, 20041 3+=

A
[eRNe]

ehd

=
2 0.05mm¥Y wje] thol

G
™
ol
=W
clo

2

—
110

0

==
H

7+ 7}#

2

<)
W

o

Nk

ol

7t

1
l

eI

o]
=

2jof#l 271 0.10mm

Zlojd A~ 00

= =
. =

of] A1

D1y]
iy
=
=

Fig. 21.

il

W

o
pap!
ar

R R

OImIm

—

#H f gt ol

iR

il

gl

=4
=

Ash & Ao

[}
=

0.10mm

Lo
2

# o ik

=

]

2 o
=l

Qs el &

End
4

o
o

0.15mm ¥

oy

H

T

W

<] 0.05mmel} ¥ &}

A}
o
olp
TR
ine)

—

el

W

sl

)

™

gjoj gl s gholet

=
=

gt

A

2lof

A
-

=]
=

A7t e Hop vl EFE R F 5o

o] 77

SR

[¢]

|

] ]

(=]
5

NG
)

ey

aREE:
_32_

s
G

.
a-

tol @zl 2ol



Step 30

Ltress - Cfiectie

2.5Y9e+001

1.94e=+001

1.30e+001

6 .S1le+000

2. FTe+B00

6 38e-002
N 6. 38e—-002

O 2.5%e+001
#Z

¥

Fig. 19 Distribution of stress at clearance 0.05mm
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Fig. 20 Distribution of stress at clearance 0.00mm

- 83 —



Step 30

Sirmss - Effectioe

2. 09=+001

1 .57e+001

-

05e+001

5. 24e+000

3.2%e—002
M3 29e-D02

0 2z 03e«00l
*®
¥..F
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Load — Stroke Curve
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Fig. 25 Distribution of Load
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Fig. 26 Distribution of stress in case 1
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Fig. 27 Distribution of stress in case 1
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Photo 10 Sheared surface in case 1

Photo 11 Sheared surface in case 2
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