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Optimization and Simulation Investigation on Muti—step Sheet Warm Hydroforming
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ABSTRACT : Objective To solve the problems of forming difficulty and poor surface quality for normal hydro—mechanical
deep drawing of 2A16 aluminum alloy conical part. Methods Sheet warm hydroforming was introduced and three solutions
to form the conical part were designed. Numerical simulations were executed to analyze all the solutions using the finite ele-
ment software Dynaform. Meanwhile, the experiment of one—step warm hydroforming was carried out. Results The correct-
ness of the finite element model was verified by the experiments. As known from the analysis of the simulation, the forming
defects included wrinkling of noncontact region and fracture at the punch corner and die corner. The scheme of one—step
forming was not desirable, while two—step forming schemes could control the thinning rate below 13% and the risk of wrin-
kling mainly occurred in the noncontact region of 30 to 55 mm below the part flange. Conclusion Compared with normal
hydro—mechanical deep drawing, warm hydroforming significantly increased the formability of materials. Two-—step warm
hydroforming could successfully obtain 2A16 aluminum alloy conical part. The designed shape of preforming punch evident-

ly affected the surface quality of the final part. The final solution was determined as first hot stamping the cylindrical part
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and then forming the conical part by warm hydroforming.
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Fig. 1 The shape and size of the part
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Fig. 2 Stress—strain curves of 2A16 aluminum alloy
TRHETE AR FH 8 IR 78 W O IR K DL SOE | BCR H 72
-+ e S
2 TEZHNh TR 2A16 £ 8 S HIE I,

2A16 FESAPEHE R IR T BB ER S 33

MRAEZ I B RFAE, $2 ) — 20 OE e w20
WIE T % . Ferp P Y O S8 404 2 Fh BT (M



Wow R OE T &

2014 4F 11 H

Bei : OB MR FH L 208 B9 13 I AR,
W 3a Fr7R ; @ BUSTE M R fTE , ik 3b Br
Z

79

>N
A
a [Tk
©
(/ Y
$105
b FIfEIE

K3 BB %
Fig. 3 Design scheme of pre—forming punch
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Fig. 4 Cloud chart of part thinning distribution
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Fig.5 Common defects in one-step warm hydroforming
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Fig. 6 Pressure loading vs time curve during the preforming Fig. 9 Pressure loading vs time curve in final forming (scheme 1)
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Fig. 7 Cloud chart of thinning rate mutation during preforming
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Fig. 11 The simulation results of FLD (scheme 1)
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Fig. 13 Pressure loading vs time curve during preforming

('scheme 2)

B4 FARBERMT B (TR ) (%)

Fig. 14 Cloud chart of thinning rate distribution of the part

('scheme 2)

10 I K

08 WRLSERX
K os TAK
#04 7 | mapesx

02 \\ - R

0503 01 o1 03 0s IFEM«'&Z

TRIZE AT

B 15 (FEZRTFLD B(HE)
Fig. 15 The simulation results of FLD (scheme 2)
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