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Analysis of Forging Processes of Fuel
Tube-End for Automobile using

Finite Element Method
Jung-Sik Park

Major of Design & Manufacturing Automation Engineering,

Graduate School, Pukvong National University

Abstract

In this thesis. the forming processes of the fuel tube-end for
automobiles with single wall structure were simulated wusing the
DEFORM™-3D. commercially available finite element code. And it
simulation results were reflected to the forging processes design for the
fuel tube—end. The shape of the fuel tube-end was in agreement with the
finite element simulation and the test results.

The optimal design results show the feasibility of the FEM for the
forging process of the fuel tube-end.

Also the other purpose of this research is to investigate the relation of

the joining situation and separation force in assembly process. It was



performed through the finite clement simulation of the assembly process
between the fuel tube-end and rubber hose using the MARC, finite
element code.

Based on the simulation results, we proposed the design condition of

forming process for achieving the optimal shape of the fuel tube-end.

_iV“



]

€y

m
K
At

1ol
s
ol

volume

velocity vector of die
contact force

effective stress
deviation stress tensor

stress tensor

effective stress
effective strain

effective strain rate

strain rate tensor

volume strain rate
friction coefficient

friction force

material constant

strain hardening exponent
shear factor

flow stress in shear

time ncrement



A 13 A

7 7

1-1.

es]
—l
-

or
H

—_
fiTs)

]

11

Fo

ot

Mo

o]

=

s}

1.
=

1) Y (spinning)

A

(bulk metal forming)2 =
2 (roll - forming),

3L 12
it

[a]

=
=

(bending),

(sheet metal forming)® 2 %4

Ia.

oFZ (extrusion), 4 A B (up-setting), < (rolling),

Jl

He

Ui
e]
Ho

29}
.umo
—_—

L&
3

)
4

{forging) = 4]

A
Oz

=

dall M= glojMes <F

)‘\4].

i

Fr
o

o
0

ol
o

L.

EEE

-

o]

I
=



T oy % T OB L
SRR
: o e
= T b P g
ﬁ oo P
T I ajw w N g
W omn = \ 8
—_ ™
E &M H T = \
> o9 Moy —= |
—_ O oy
) — NS
o Bk
o W E W
© oo T
o= AogR ok
— =~ =
_ ‘
A Y 5
o _ \ iy
PE oz o5 o \ ﬂ
~ . ® O 1 T
— N
) bk
do T Ho R iy
o Mo - Tk £} =3 L
! — ™~ ‘@ﬂ ) fo! N\
—_ = = 4
0L ;LnL _— _.L
ﬂmﬁu %_s., ;B Ot ﬁMA d , \.ﬁ
Wi i ¥ ! 1]
P oa e 2w 3
o TR dw " N 1
—_ ) ol —_ | ﬂ g "
T e o w0 o HIERE
o o K ARk
)Aﬁ "o ~IO=1 1 UW ﬁf £ | i
.H MW\_ ~ . — i
g g o o o £3
- I Tk
TGO i ‘AI* ; X
Mo o Wm do o A
_Jvmo ju_ 1%. _5L ﬂ/qO ‘ﬂO:L —— | W
T T o _ ok T — ¢
[ils] .,m 0} . e
T o 2 W OHF N =
Mono2 o TR —

FUEL PUMP

Fig. 1 Schematic diagram of fuel system for automobile



2= 7F

=

(engine

Zl

oA Adzmwag 2 ¥ (return) Al

=4
(=2

io

G

|

7k 7k o
1o

[

e

o] F+=

=

=

& A

o FAFeAY, A8

)
w
B
ol
‘AO

"o

1o

al
5

&} 5

}-
A A

A
an

A

1
R=]

As7t

2L

R ER=E

1
51
o]

<

=l

=

=]

[

AE AR ZFE
A

A =

=3
ks

I A
7

}

<]
i
=

[ .
= dE

el

Al

=
=

ar

o

o2

7| =] of of

tol

(o]
A

i

T

=

! o]
o] gl 7] 7h2gt
shibeith, whelA o7l el o
A48 5|
=

O
-

17 o 2
24tk

fu

B
_.7]_

3

o) 3E



e Adg Bow Agyvl oz AR dolri FHA FH 2

3] g}ol(feed line)® WA E Wb E olfdte weolF ekl (vapor line),
Elay ge duz ta) 8z SHrdE gldeldreturn line)ol AT

Amepslel AL B

of
S|
o0
)
=

0.7te] TSW Z13F Vol tajo] &r+=

s
v}
[
s
°
v
o
rlo
2
offt
)
1o
0
0,
)
)
)
iin
0
rl
ofy
ko
1
ol
o
I
it
[o3
o,
",
huj

o A RS RS fAAE ke Ardele neye §3
B34 BEE a3, BE0|d Aol I R dEAAE drh dE

Fig. 25} Fig. 3 242 912e%lo] 245x shel 429 Aps gy ¥



Fig. 2 Tube assembly on aulo body

Fig. 3 TSW tube and hosc assembly
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Table 48 Process geometries and simulation conditions

Parameter Unit Value
Workpiece material - SPCC
Die material - Rigid body
Inner diameter i 6.6
Outer diameter il & 8.0
Temperature C 20
Protrusive length m 5 G 6.5 7 7.5 8
Stroke per step mm 5/100 | /100 |6.5/105] 7/110 |7.5/115] 8/120

Friction coefficient

p = 0.08

,20_
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Table 4 Process geometries and simulation conditions

Parameter Unit Value
workpiece material - tube hose
SPCC rubber
clamp material - rigid body
No. of nodes ea 3259
No. of elements ea 2889
temperature T 20
No. of steps - Lt 2nd
120 20
friction coefficient - nw o= 0.2

B oSMelAE Fuel waAzs p7t 029 W BE £AET S wEe
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Fig. 12 Cross
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Fig. 15 Crass section of top die

Fig. 16 Cross section of bottom and middle die
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Fig. 19 Distribution of effective stress alter the 1st process

(Protrusive length @ 5.0mm)
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Fig. 20 Distribution of effective stress after the 1st process

(Protrusive length @ 6.0mm)
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Fig. 21 Distribution of effective stress after the 1st process

(Protrusive length @ 6.5bmm)
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Fig. 22 Distribution of effecuve stress after the 1st process

(Protrusive length @ 7.0mm)
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Fig. 23 Distribution of eflective stress after the Ist process

(Protrusive length @ 7.5mm)
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Fig. 24 Distribution of clfective stress after the 1sl process
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