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Abstract

The fuel injector is a part that controls the fuel supply of automotive engine. The housing of the fuel injector supports
the rod, the needle valve and the solenoid. In this study, the rigid-plastic FE-analysis by using the design of experiments
(DOE) and the response surface methodology (RSM) has been performed to produce the product reducing the under-fill
and the maximum effective strain. From the results of DOE, the stem of counter punch and the face angle of punch at the
1* process, and the stem of punch at the 2" process were determined as the significant design variables for each response
such as the upper under-fill, lower under-fill and the maximum effective strain. From the results of RSM, the optimal
values of the design variables have been also determined by simultaneously considering the responses.
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Fig. 1 The fuel injector and housing: (a) section of the
fuel injector; (b) final shape of cold forged
housing with machining
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Fig. 2 Work sequence in the cold forging of fuel
injector housing: (a) initial billet; (b) 1%
process; (c) 2™ process; (d) 3™ process

3. 4833 A3

3.1 MEAH o5 MHHS B
}949 YHezFde FPH 498 A
Avset AZFPlAs 240 FEUISRE

59 $%E Table1 3 Fig. 3 ol Yehdic).

Table 1 Content of factors

Factor Content
A Flat portion of punch face at the 1%
process (mm)
Stem of counter punch at the 1% process
Design | B
‘abl (mm)
variabie c Face angle of punch at the 1 process

(deg)
D | Stem of punch at the 2™ process (mm)

»1 | Upper under-fill{mm)

Response| y, | Lower under-fill(mm)

vy | Maximum effective strain
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W Table 3 Orthogonal array and results by rigid-plastic
A € : —— FE-analysis
€ i AlB c | b Response
, ( Y )1 b2 Y3
ay atd -1 | -1 ] -1 | 1733 | 0.841 | 4.1084
' : a1 ] 1 [ 3545 [ 1380 | 42632
RE! | ; Dli—l Al 1| 1| -1 2178 | 1380 | 4.0915
-1 | 1| 1 |3.545 | 1.380 | 4.2971
(a) (b) -1 -1 2173 | 0913 | 4.2318

Fig. 3 Definitions of design variables and responses:
(a) design variables (A, B, C, D); (b) responses

1
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-1 1| 1 |3.545 | 1.380 | 4.3779
Table 29} Zo] AAMSFE 295F 22 33 4 | -1f-11-1]1554 [1380 | 4.0985
13 Hdigk 12 Fo] e3te AAS A 101 |-1]-1] 13545 | 1.380 |4.3833
3T Table 39 Aumid T wel AAHF (1| -1 1] -1]1.694 | 138 |4.1065
5o F3t= Table 291 AALE dAdsle 1211 -1 1] 1 |3545 | 1380 | 46277
Feaodgqds FASARL T A BAE Table 3 3] 1] 1] -1]-1]198 |0821 | 40093
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50 1| 1|1 ]-11]2572|0617 |4.1436
Table 2 Level of design variables
16 1| 1] 1] 1 ]3545 |0617 | 4.4695
Coded level
Factor
al! 1 Table 4 Analysis of variance for the upper under-fill
A 27.8784 32.1216 after pooling
B 5.8540 6.7455 Factor | S 9 | V=S/@) | Fo | F0.05)
¢ 1.4640 8.5360 A | 00797 [ 1] 00797 | 7239 532
12. i
b 2.2665 141335 B 03681 | 1 | 03681 | 33452 | 5.32

AmA g wal T3 zhzre] Stro] o C 02137 | 1 0.2137 19.416 5.32
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Table 6 Analysis of variance for the upper under-fill

e

Table 7 Level of design variables

after pooling Coded level
Factor
Factor S @ | V(=S/9) FO F(0.05) -a -1 0 1 a
C | 00334 | 1| 00334 | 25957 | 532 x(=B) | 5.7583 | 5.8545| 63| 6.7455| 6.8417
D | 02298 | 1| 02298 |178.460| 5.32 x(=C) | 0.7002 | 1.4645| 5.0 | 85360 | 9.2998
AB | 00334 | 1| 00334 | 25937 | 532 xy(=D) | 12.0649 | 12.2665 | 13.2 | 14.1335 | 14.3351
AC | 00138 | 1| 00138 | 10716 | 5.32
AD | 0.0440 | 1 | 00440 | 34.199 | 532 TAEEAR 238 T oY 2 2
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A "} 6 | 1 | -1 | 1 | 35450 | 06368 | 42116
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< FYste HEFAEFY 2S5 A FEAVIE 8 1 1 1 | 3.5450 | 0.6865 | 4.1430
& FaAZ) 22 &k 9 | 0| 0| 0 | 35450 | 1.3800 | 4.1188
10-a| 0| 0 | 35450 | 1.3800 | 4.5005
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J‘ij e ?%ﬁ“ﬂ %*‘4@1 At lﬁﬂ‘d 4] 0| o [-a] 21535 | 09469 | 3.8698
4% 1216 = U OE ARITI). TAEAe 150 0| 0| a | 3545 | 09557 | 45603
A AMEE AN Ho, Has St A
Agoz Fi sFEoz FAFAT Table 8 & FATGAD wet B2y FE8
_ i} gordAe Y AHE Vel glow o
2 SeletdAE AuzEE dojd 2 2 AAYAHAL g 2
QiAo ok QAUPIIAE 2 859 F & O
FolMw Aol YE2, Wee) FEuse] e
1518 %

ﬂd
o

Z 41 A (center point) ¥ % 7 (axial point)yS F7

A
%
1§13 Al 2l (central composite design)< 2k 29148
o 5
o o]2f3 GHE BT FE HPAE 9]

¥, =3.6832+0.1217x, +0.1002x, +0.6813x,
—0.1242x% —0.1242x2 — 0.5947x 3)
+0.0437x,x, —0.1667x,x, —0.1372x,x,

B2 MIE2 55 X/M 153 M3, 2006H/229



oFH -
¥, =1.4251-0.1728x, +0.0979x, + 0.0102x,
-0.0405x; —0.0405x; —0.3304x; Q)
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Fig. 4 Optimal values and predicted response trace
plots along the design variables

Table 9 Optimal values of design variables

Factor Previous value Optimal value
x| 6.3000 6.8417
Design
. X2 5.0000 0.7002
variable
X3 13.2000 12.0649
Predicte | V1 3.5450 1.6134
d » 1.3800 0.4779
respons | y, 4.1188 3.8606
€ Y 1.6075

=
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(a) Previous design

S

(b) Optimal design
Fig. 5 Comparison of under-fill and metal flow
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