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Optimization of Single Seat Valve Stem Pre Forging Process

Based on Response Surface Method

ZHANG Jing,GUO Jingyu, LIANG Ying,ZHA Xinyi, LIU Huaifu,ZHANG Xueqi, DONG Wanpeng

(School of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract; In order to solve the single seat valve stem actual forging production of pre forging billet arrangement

positioning problem, a die optimization scheme of setup an equivalent resistance wall was proposed. The response

surface method to optimize the design of the initial temperature of billet, edge thickness and equivalent resistance wall

height of three parameters based on the analysis of the parameters of the maximum die stress and wear depth, the

optimum combination of parameters: the initial billet temperature 1 150 “C , the edge thickness of 6 mm, the equivalent

resistance wall height of 2. 45 mm, the depth of die wear corresponding to the expected value 5. 67 x 10> mm,

simulation value 6. 24 x 10> mm, the optimization goal was significantly improved. Finally, the reliability of the

optimization results is verified by experiments.

Keywords ;: mould ; single seat valve stem;die wear depth ;response surface method
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Figure 1  Forging
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Figure 2 Blank location of pre forging
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Figure 3 Main parameters of equivalent resistance wall
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Table 1  Design parameter of equivalent resistance wall
AV h/mm [ £ r, =r,/mm [E £ ry/mm
1.5~3.0 1.5~2.0 2.0
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Table 2 Factors and levels table

S
K A WIRIRLE B GHERE C 255587 4
T,/%C d/mm =5 h/mm
KFETF IR 900 4.5 1.5
K E R 1150 6.0 3.0
-a 814.776 2.488 66 0.988 66
+a 1235.220 5.011 34 3.511 34
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Table 3  Test plans and simulation results

E;Bl NB9 ﬂ{]lﬁwﬂ%ﬁo W =l K% A/C K Z B/mm KZ C/mm i 13 B/ om
4 J 7 Ay T EBAGE L YR AL TR (1 LS ! 11025.00 5.25 351 8.99
LA S H AR, o PSR, T 08 5 25 (4 S P
Vi BRI A s o 1 1SS 7R A0 o fff g T AR L R 4 900. 00 6.00 1.50 14.50
FIAE LB R A 5 900. 00 6.00 3.00 13.40
6 1 025.00 5.25 2.25 9.95
2.00 7 1 025.00 5.25 2.25 9.95
\g '1.720 = “ 8 1 150. 00 6.00 1.50 5.04
m 1.50 - = 9 1 150.00 6.00 3.00 6.34
E;S: I0.397 10 1 025.00 6.51 2.25 9.49
L:i( 1.00 =, = 11 1 025.00 5.25 2.25 9.95
= 12 1025.00 5.25 2.25 9.95
g‘% 0.50 - 13 1235.22 5.25 2.25 3.97
i 14 814.78 5.25 2.25 17.20
0,0(900 0.30 1.(‘)0 1.‘50 2.‘00 15 1 150.00 4.50 1.50 5.26
16 1 025.00 5.25 0.99 12.40
B H R B SE PR /mm 17 D 450 300 6.70
@ 4 “@ﬂ%ﬁ/ﬁ‘]’fﬁ—% 7? Fi'l_‘\/fﬁxj_lfb 18 1 025.00 5.25 2.25 9.95
19 900. 00 4.50 3.00 16. 60
Figure 4 Comparation between predicted 20 1 025.00 595 2 25 9.95
and actual responses
F4 BEREBR L0 B T £ AT R
Table 4 ANOVA table for response model of die wear depth
Ty AU iy 2 J5 H H J% FiH Pa e R} R
R 4.810 000 000 00 9 0.530 000 000 00 39.430 000 000 <0.000 1 23.525 0.972 6 0.947 9
A-A 4. 130 000 000 00 1 4. 130 000 000 00 304. 390 000 000 <0.000 1
B-B 0. 016 000 000 00 1 0. 016 000 000 00 1.210 000 000 0.296 6
Cc-C 0. 006 975 000 00 1 0. 006 975 000 00 0. 510 000 000 0.489 7
AB 0. 000 000 098 69 1 0. 000 000 098 69 0. 000 007 277 0.997 9
AC 0. 082 000 000 00 1 0. 082 000 000 00 6. 010 000 000 0.034 1
BC 0. 001 880 000 00 1 0. 001 880 000 00 0. 140 000 000 0.717 4
A? 0. 560 000 000 00 1 0. 560 000 000 00 41.510 000 000 <0.000 1
B? 0. 000 809 500 00 1 0. 000 809 500 00 0. 060 000 000 0.8119
c? 0.001 811 000 00 1 0.000 181 100 00 0. 130 000 000 0.722 4
% 0. 140 000 000 00 5 0.027 000 000 00
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Figure 5 Response surface of pre

forging die wear depth
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Figure 6 Die wear depth before optimization

and after optimization
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Figure 7 Hardness test
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Figure 8 Austenitic organization and twin crystal
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