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Forming Process Design of Fuel Injector Housing by Response
Surface Method

K. H. Park, H. T. Yeo and K. D. Hur

Abstract
The housing of the fuel injector supports the rod, the niddle valve and the solenoid. Based on the procedure of process

design, in this paper, the forming operation is designed by the rigid-plastic finite element method. The metal flow during

the forming of the fuel injector housing is axisymmetric until the final forming process. The response surface method has

been performed to reduce the under-fill and the maximum effective strain. From the results of RSM, the second order

regression model of equation is calculated by the least square method and used to determine the optimal values of design

variables by simultaneously considering the responses. It is noted that upper under-fill is affected by the design variables

of the 2™ forming process and lower under-fill is affected by the design variables of the 1st forming process.

Key Words : Fuel injector Housing, Response Surface Method, Rigid-plastic FEM, Under-fill
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Fig. 1 Forming sequence for fuel injector housing
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(a) design variable
Fig. 2 Definitions of design variables and responses

(b) responses

Table 1 Content of Factors

Factor Content

Stem of counter punch at the 1
process (mm)

Design "
Face angle of punch at the 1™ process

variable X,
) (deg.)

Stem of punch at the 2™ process (mm)

Y Upper under-fill(mm)

Response | y, Lower under-fill(mm)

A Maximum effective Strain

Table 2 Level of design variables

Coded level

Factor
-0 -1 0 1 Q

X, 5.7583 | 5.8545 | 63 | 6.7455 | 6.8417

X, 0.7002 | 1.4645 | S.0 | 8.5360 | 9.2998

X, 12.0649 | 12.2665 | 13.2 | 14.1335 | 14.3351
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Table 3 Resuls of cental composite design
X f{‘L X N Y2 B4
1 -1 -1 -1 1.5813 | 0.8391 | 4.24767
2 -1 -1 1 3.5450 | 1.3800 | 4.42820
3 -1 1 -1 1.9554 | 1.3800 | 4.30410
4 -1 1 1 3.5450 | 1.3800 | 4.29561
5 1 -1 -1 | 2.0733 | 0.6401 | 3.99267
6 1 -1 1 3.5450 | 0.6368 | 4.21155
7 1 1 -1 12,7969 | 1.1226 | 4.15954
8 1 1 1 3.5450 | 0.6865 | 4.14303
9 0 0 0 3.5450 | 1.3800 | 4.11875
10 -a, 0 0 3.5450 | 1.3800 | 4.50045
11 o 0 0 3.5450 | 1.3800 | 4.16633
12 0 -a, 0 3.5450 | 1.3800 | 4.10424
13 0 a 0 3.5450 | 1.3800 | 4.16837
14 0 0 -0 | 2.1535 ] 0.9469 | 3.86979
15 0 o | 3.5450 | 0.9557 | 4.56034
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Table 4 Optimal values of design variables
Previous Optimal
value value
Design ) 6.3000 6.8417
. X, 5.0000 0.7002
variable
X, 13.2000 12.0649
Y, 3.5450 1.6134
Predicted ¥, 1.3800 0.4779
response A 4.1188 3.8606
Y 1.60745

]

(b)Optimal design
Fig. 4 comparison of underfill and metal flow

(a)Previous design



2(6)% EHFFE 3t Table 2 & Fo7 44
Foo A Zt dAEF] e HHUE T3S
ou Table 4 oA 7]&9] AAGR HHgAAN
ZYdMg 487 FEVYES B3I
71E9 AAE A Y AR sEAA dHol
BAstE Aol dlE HAgoe= MA" Aee
A AR ZTAANA x, 9] do| &, J}¢H HA ¢
289 Zolg A 3t x, 9 Z4E &, AAHY
2Ax% ZA 3o A&FAHANA 3+ 3R
A&l BAIA FEFE AYo] olFoy A&
& 4tk T3 5 oA FANA HAY 2H
9] Zol7} 7] FARC HFAM HH@gor A
A" AS7F Ao/t ¢ &S AL ¢ F At 1
A3 a2 g FHANA 9o FRAF] LA
st REoZ A7 9 Be] f5E 39 d—r
o ARASE £ AL ¢ F dY. E=F F
AHEER 729 FAC vHA o ¥ &s
eIl ok

52
-H
2
=X
rr

o
ox

i)
ot
B ofk Jo
Fr ooy ol
m o 2L of
rht ot oo o2

Lo
)

12 off 8 o
O

tlo
ol >
o> ¥

i 30

—_
~—

rr

i)

Ko

bR
oz
oX
>
ofht N

J
B or

)

H b

o

Z{'}I_mlm

t
=

ok,
“ 1o,
8 (T (B omt 2Ll

-

o&i ] W

__4

oX

Tﬂ,o]o-{)ﬁﬂoﬁ

SERICEOIEEEE
o B
Age =

2 #%Y
ﬂH 7HeE A9 2wl Aol
T oy AAo] Hu A9
Aol #xe] 2wl Zo|d

= A

_&E‘,OH

e 2
to 2 N o

l

o?l,l (I

EER

o&

71&9]
34.6%,
A3, 71&¢]

o

- 314 -

i

m!l. .

= 8

ZAZ, LML, 1996, “3|H
%7}4&“ FTAAAr, A7) A& =g
(A), A2, A 113, pp.3387~3397.

71%-21 7h—ﬂul 1999, “o]F #HE 7HRl Bz
%}%34 W EH 2% $AE A% 348 A

o, AHe,

)

P

@

S PN % ABGGA, A 8 E, A 6 I,
p612~619
(3) F&A, A3, 1T, o5&, FHE, 2000,

“gedl TWA Y FAMEAN B AT, =
B354, 4174 A 63Z,pp.127~134.

Shivpuri, R., Babu, S., Kini, S., and Pauskar, P,
Deshpande, A., 1994, "Recent advances in cold and

C)
warm forging process modeling techniques:
selected examples", Joural of Materials Processing
Technoogy., Vol. 46, pp.253-274.
Seth, S., and Shivpuri, R., 1997,
Consideration of Process Development and Die

(5) "Simultaneous
Design for Forming a Fuel Injector Nozzle", Journal
of Manufacturing Science and Engineering, Vol.
119, pp.358-367.

Kini, S. D., and Shivpuri, R., 2001, "Precision and
ejection issues in the cold forging of a fuel injector
nozzle", Proc Instn Mech Engrs, Vol. 215, pp.927-
933.

“DEFORM User’s Manual V7.2”, 2002, Scientific
Forming Technologies Coperation

(®

N

® =2A4d, 2003, HoAIAGH, TG4
pp.453~498
(9) Yeo,H.T, Gong,J. Y., and Hur, K. D., "A Study on

the Forging of Hub by using Response Surface
Methodology”, 2002, Journal of the Korean Society
of Automotive Engineers, Vol. 2, No. 3, pp.1167-
1172.
T, o8], A, HA, 1994, “B 54
FIANA AR, FHLAE )
A, A3, A 23, pp.167~177

(10) 2



