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Processing Parameters Optimization of Drawing-Hydraulic-Bulging Forming of
High-Precision 17-4PH Stainless Steel Spacer
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(1. Beijing Institute of Aeronautical Materials, AECC, Beijing 100095, China; 2. Key Lab of Materials and Application Research
for Vibration & Noise Reduction, AECC, Beijing 100095, China; 3. Beihang University, Beijing 100191, China)

ABSTRACT: In view of the large springback and poor moldability of 17-4PH stainless steel during cold forming, this paper
analyzes the deep drawing and hydraulic bulging forming law of the high-precision 17-4PH stainless steel spacer parts, and de-
termines the best process and parameters for the deep drawing and hydraulic bulging of the spacer parts. The finite element
method was used to determine and optimize the process parameters in deep drawing pre-forming and hydraulic bulging. Based
on the optimized results, related molds were designed and manufactured, and finally the efiectiveness of the finite element
method was verified through experiments. Combining the methods of numerical simulation and experiment, a multi-step form-
ing scheme was proposed, in which the parts were preformed by deep drawing and then hydrobulged, the forming process pa-
rameters were gradually optimized, and finally a high-precision spacer part meeting the size and accuracy requirements was
fonned. Through numerical simulation, the best blank diameter and key process parameters in multi-step fbnning are obtained.
Based on the design and manufacturing concept of numerical simulation optimization and experimental verification, the prob-
lems of large springback and poor moldability of 17-4PH stainless steel during cold forming are solved.
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Tab.l Dimension of a series of spacer part

PRBT  EREEGE RN RZIME [EBIEE

= /mm 05/mm (PD/mm /IImm
# 48.60 81.52 86.52 22.93
2# 51.55 84.00 89.00 22.46
3 54.55 86.45 91.46 22.07
a4 57.55 8&85 93.86 21.77
5# 60.60 91.25 96.26 21.51
6# 63.70 93.64 98.64 21.31
ki 66.90 96.09 101.10 21.14
84 70.15 98.54 103.54 21.01
O# 73.45 101.00 106.00 20.92
10# 76.80 103.48 108.48 20.85
11# 80.20 105.98 110.98 20.80

FRABE LB S RS ~ RST A=A T
EELUREEE > S ERHEE 0.8 mm, P EHY
FNE EE R E K07 mm, BIEEECH &5
FERIELIS% LA [F ORIE S (RN FE B R A 72
0.1 mmofERRIEANEZ=ES 7y - B R RefE
0.8 mm, FTERAESL LU - A2 55N Z 1A



106 V= 2 53 %02 i I =4

HUADE R AR IR=2 mm, ZE{E I EIN S R HE
+0.05 mmHAYSEE N

NS PR K ~T DU R R T 407 % 2
AR R i E B0

1) BERARIZIE EHAZEY£0.05 mm, 53 ER
B0 Amm, JEAZEN0.1 mm, BRI E(FRH
NG& FEFI R T faEr St B R RLEFIIRIZ 45 &0
EERE (BN AR A 3] 50 T O 3k N 1 8
B OWRBCER A BE R RSB A EEEN
EgT-EAY

2 MRS A L7-4PHI B ER B ANA LT T 244
BRI TP R R > e R [0l
PR - BRI A SR O EF A ny Al

s B A NAE Fe R DA R B AT R

FE e

3 ) B AZFTFHEYIFREN0.8 mmDILA » UIRLEN
TIREg BRI W T AT DU G SN T4
A . 2[EBEAROE 71T

TN PR B A S5 K8 B R ST A 22 AT S5 &
LBRAE P HISEE - BERARE 7% - hDE T Z+
RIEKE T2

FERIE 8BS R BRI BRI RS S50 T &
9 EE - BIf=0.707, —MEEI AT —KALEY - Hpr
T EAREAR YRRV DRI [E] - 1 358 TR IEAE
SO I == S 7= [ EE RVA S =R S E VAl 71 O] Ll =g
PR MIAESE > (H2 T RREBuAhRRE M2 - 5B ~ [
FRIVEAME  — RIS 2 RSTTaE g SME s
SELRIE - BRI S RS IRE S THE 2 R %
TR E G T2 B —E R OAEREY EAVHDZETIE
FLF1EE — R LUK IE DY ERVIKEZ T2

2 L2 B

NS PEBEHY I RE T T AT al T AR ERIP YA
ETZ EE =4 BRI B - AL
AR > 2R E R AL A TR TR Dynaformiit
TTAMRTTEESNL - ARAEEDIE TR E TAER
~F o B H T2 R RPN TR R
BRSE - sttt BERERETENEAS - BPES
I FHZER AR E 2R~

2. LADSETRIE T 205 55

2.1 APPSR E AT
ECAECATIAZ AR AR B ~ 15
HILEJEAR > 2R & R OB = A BRT A
DynaformiB{TATRITTEMESLL - T ZFEAHYT
FREVEF £ TR DI SRR 8] SR P 1/ AR T

20214E5H

L - RN IRAEI R 24 &2 =24 Barlat/E ik
I AA PR = AR b AR FH U 7T RS Belytschko-
Tsay7 8IT » H R PIRERI ST © (DM R R 20 R P &
VEMIA - 2Ze BT T 7S SR T T S B AR XI55 - $3
i 5 =R A T R > SRk SIS AR S ey v A o JEE
BEINE Oy =0.125 AL BV A TR TTH B AN &
3HTR

=f@hRr TZRE
Fig.2 Process flow diagram of spacer forming
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Tab.2 Effect of the diameter of 17-4PH stainless steel
sheet to forming and springback

) Einh EREE %ﬁt}%@ﬁ& SN
F/KN o/mm CHEEA/MmM  &/mm
1 70 125 0.03 0.64
2 70 128 0.02 0.58
3 70 130 0.03 0.53
4 70 135 0.03 0.58
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Tab.3 Mold Htting result of blank material under different hydraulic bulging forces
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Fig. 13 Final spacer part after optimizing the forming process
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Tab.4 Multi-step forming compound process result of spacer part (before mold repair) mm
i ZEEER JIHIMHERT JIEHTEHERE AZERS R RS REEiRAE  REEIRAEAC

1 22.93 0.75 0.78 0.82 -0.43 -0.20 0.15
2 22.95 0.755 0.78 0.82 -0.45 -0.19 0.14
3 22.90 0.74 0.78 0.82 -0.44 -0.21 0.13
4 22.98 0.752 0.786 0.82 -0.45 -0.17 0.14
5 22.89 0.75 0.779 0.82 -0.42 -0.16 0.13
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