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Research on Deep Drawing Process for High-precision
and High-strength Stainless Steel Spacer

FU Xing-xing, WAN Min, ZHOU Ying-ke
(School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

Abstract: According to process analysis of structure and dimensional tolerances of spacer, the forming difficulties of the part were
proposed. The rigid die drawing method was determined through analysis of finite element simulation of deep drawing. Based on the fi-
nite element springback simulation and experiment, the theory-based surface of the deep drawing forming mold was corrected reasona-

bly. Therefore, the problems of the dimensional accuracy of the part’s height and curved surface were solved. The reasonable blank

holder force was proposed by analyzing the deep drawing forming effect in different blank holder force conditions.
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Fig. 1 Dimensions of spacer
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Fig. 2 Shape of the part after adding addendum
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Table 1 Material properties of 15-5PH

N R PR E JE IR E o PURIsRE o, RiASSRILREC K AR
S5 ) TAM -
/(kg+m™) / GPa / MPa / MPa / MPa 88 n
¢l 7.85x10° 192.4 0.3 964.2 1045 1199.7 0.29

522 5N B 18] i B R A P AR A E] 2.8 mm,
T RIE R BN 21,07 ~21.17 mm,

T B R A R 28 B 0T A A Y R
FEME R AT IR LT

1) WNEARIEZ R G BE , 75 R K il 2
FORLIR B | A A7 2 11 (B8 T S DX A ) 2 9
R RS R A Sy 22

2) PLRBUE 5 77 AR 1Y ] 5 23 7 55 e 2 5K
TR LA e ZE 1) s

3) FAFTE IR AN BRI HRGHR R 3
SREL S, KRB T BB RMERE

1.2 BEAFREIT

MR YE PR - Z A 2 AR 25 4y S AIMERRE , R — K
PR T w5 i 22 BRI 30, -7 030 B AL
i FAERL G R A 9] B a8 R F R N 25 R fe ™

e, DRI BRI BT T2 B0 O A T 946 T A
WSS ANPS i

2 HIRBEARITES
2.1 BARTHEHRER

SKAMCE A BR ICE A Dynaform #4740 {H
B, TEA BRoTEEH b R 2R %9 =24
Barlat J& IR EN] . N AR ss ik R 5 K 4 1199. 7 MPa,
N AESRAEFE L n 0.29, HOELR ] Belytschko-Tsay
FeEATT, A IE N RS ) o3, o IR R T 1 P8 7 A
A RN Y S BT AT B R AR R o3 e fil
T =R T eR g, 4 b A8 0 g B4 v TG - T ek, PR 42
K w=0. 125, 133 H U8 A FRICHE AL KR
BHEARIANE 3 B



B5E A4l

PB4 | B R R R A S (R B .

L4

1

<
i
J

ST

5
)
o)
o0
2009
2%
0%
354
00!
KK
%5
&
9592
%4
%S

X
%
Y
o4

3
bate
2%
%55
R
S
09208
ool
o3
255
9%

&S
3
09%S
oo

9%
2959
S
0998
2953
oo
RS
25
QS
098
%5
o
09098
5
0958
098
X5
XS

QHRHELRILAN

2N
%
%
RIS
0
S

%

0
o

X

o0

09%
5
oot
<X5

X5
X KKK
o0
!
XX

%
S9%e%
K
%5
09%S

%
29008
55
355
28X
5
5%

%
9%
%%

Jogs
b0
KK
o
o0
098
35
%
ot
o
2
S
S
0%
ot
S
%

2
X
S
55

5
oto%s
S
5

5
%S
5

09098
3
o9
X
%
3RS
3%
35S
5

D
0%,
%
S
200809
KRR
%8
o
o
°09%
%
039S
0%
%
%
5

%5
35S
SRR

0934
&
o
098
2
S
098
&
S
9%
0%

%5
090005 %%
X5
2
5%
3
o
%

%5
%
29508
0K
55

o

o

QRK
o%%
Sogess

0%
S
3
P0e,
XS
X

%

X
6%
2R
Sot0%s
55
o

S
S
2RSS
S5
555
35S
098
35
o
55
58
XXX,
S
3
%
55
%
S
<R
5%
%5
3%
%S
bo%S
R

XS
$RXXRRRS

9%

o
%S
o%
o5
%%
S

5

botes
55

0o
osatosese!
S
o
0993
botel
%
%
<5
S
%
%
%
o9
<5
S
55
X
XX

X
e
KL
2RR
o053t
XS
2L
2R
S0%e%e%8?
S

25
35
SERRRRKS
%
X
oS

9

SRTRT I
%S
298
5
%5

%
RSREITTy
S
%%
098
098 ”0’:‘
K5

598

X
XX
posstes
o% 0.0

%
%

RRRRKS:
0508
X

%

X
XK
9%
1400
R85
So%es
d0%ss
%
0
oo

0%
05
o9
R
5%
0908
dotels
585
%
%
S
o208

0:0
19,
oS
S
%%
XX
35
%S
X
o%
XX
S
55
o208

%

%%
K

5

CKRAXHXRHIARY
SRR
098
0%
o
%
5%
&5
5
098

95850
XX

20000050
S
0200

0%
%

%%
X
o0
'
bt
0%
35
5%
2
%%

TRE
S5

X%
oo
to%e?
o0
SRS

00S
XK

0
QS

%%
.0
o0 ::o Sotetotete!
5
5
o%
29088
0’0
XX
Ood%
.0:’
0%%
X
55
%%
KKK
‘0 o%%

R
oo
X
XXX
oo%e
KR

ERL
e :0:
&
X
d0%0%s
000
XX
%%
%
55
%
%%
%
%
55
%

%

%
oe%
XS
.0
XX
S

5
X
%X
5
2%
%%
XX
X
XX
%
%
XX
X

X

XX
%%

%
X

X

X
%
5%
%%

0%
S9%
33

oS
3

S
2%

%S
%S

o
0

25
%S

oS
0

o8
3

o
%S
o

2%

%
SS950%eS
%

%
o%es

XX

$RKX
S9300ses
25
QK
<5

2
358
S

35
55
<%

3
<5
<5
298
%5

<5

AKX
SRR
o8

o
too!
oS
RS
QKKK
%
0o
o298
0
S
SRR
'8
RS
SRR
bo%eses
&5
35
9%
RRKL
KRS
SRS
BoteseoeSs
05o%
35
098
o
&

0
S5

%
G
LERIRIRRES
REIRRIERCRIRK
L teosesetototeretesotes
LRIRAKAIRK
Q2 Sttt

S

%
oo

35

%
5%
3R
oot
%
o
o3!

S
%
3
RRXRS
5
o

£

b AR
K3 R UEA FROCER

Fig. 3 Finite element model of deep drawing
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Fig. 4 Thickness distribution of deformed part
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Fig. 5 Springback simulation results
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Fig. 6 Deep drawing dies
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Table 2 Effects of blank hold force on deep drawing

FERJI/kN RO SN R/ NEE/mm
5 AL /
15 AR /
25 N 0.95
40 PN 0.96
50 N 0.95

60 PN 0.91
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Table 3 Deep drawing test results
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*  Hmm  4/mm  t/mm t/mm /mm
I 21.08  0.95  0.97 .02 0.09
2 2011 0.96  0.97 .02 0.06
32110 0.96  0.98 .02 0.05
4 2113 095  0.97 1.0l 0.08
5 2111 0.94 0.9 1.0l 0.08
6 2112 0.95  0.97 .ol 0.07
7 2114 0.96  0.98 .02 0.06
8§ 2112 0.94 0.9 .02 0.06
9 2111 0.95 0.9 .03 0.07
10 2115  0.96  0.98 1.0l 0.05
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Fig. 8 Shape measurement by testing die
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Fig. 5 Reshaping die
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