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A Circular-Die Hydraulic Bulge Deformation of Zn-Al Eutectoid-Base Alloy
and the Comparison of the Experimental Results with Theoretical Solutions

Yoshinobu MoToHASHI* Atsushi YaMazaki*® and Takao SHIBATA®

Abstract — The hydraulic bulge test of the Zn-Al alloy, being a typical superplastic material, was
carried out and the result was compared with analytical solutions expressed as serieses which have been
derived from a linear strain-rate-hardening relation as yield criterion. And it is examined how the analytical
solutions can explain the bulging processes of superplastic materials which harden in proportion to the
m-th power of strain-rate, i.e., the fitness and effectiveness of the solutions for the superplastic materials
are discussed. The general trend of the experimental data was found to agree fairly well with the trend
that the theoretical solutions show up to approximately h/a=0.6 at the polar region of a bulge and up to
h/a==0.2 in a region adjacent to the die. Particularly, when n/a<0.2, the correlation is excellent every-
where. From the comparison between the experimental results and the theoretical curves calculated as
a function of M-value, it was found that the M-value corresponds to about two times m, though the relation
between M and m holds only within the range where the experiment was made, where M is a constant
and a measure of strain-rate-hardening and m is the strain-rate sensitivity. By setting M =2 m, the bulging
processes of the superplastic materials which harden in proportion to m-th power of strain-rate would
be explained fairly well by making use of the analytical solutions based on the linear strain-rate-hardening,

although it is not in the strict sense but accurate enough for practical usage.

1. ##

il

W S T, OF BREIR (AR D BLATR Y O
DR —E DFME T TOME 5 4 ZWE S v SRR
s BRI, BthEt 108 07 s L
ZRV, OFAHBESEBICLOBRL, £2HUETO
W E LTk,

T, ERBANOT HRERE T 5B 7k

TR 35 B0 HYENE & B UL CHIRIHIEE
ERENARTRSTHY, TR EORE
BB VFWGABEIE TN OIS A OIS S N30, 20
B B OB DL B & UMEESURE
BB L TR & ERIERAL M2 ol TEETH
Bo sov DERER M ORISR LA S <& 2 0
T, BT OBUER A P BB & LTl & B
Hido

AR TSR O/ L O RER IS 2 B g &

* RIARE TR T8 — R ( Bz gy

)

Department of Mechanical Engineering I, Faculty of Engineering, Ibaraki University,

Hitachi 316 Japan
s 0T H B EGD, BASEAHOERE)

Rt (s LR R T 40 )

Isuzu Moter Co. Ltd., Fujisawa, Kanagawa 252, Japan

155



156

BECEAHENE LT, MEBR BRI TH S Zn —
Al RAE OWBE L RBATY, EBRRR LR
G U7 SR BiRET U, 8 04 % BT
s & O BRI IR (RRER ) HSEBBBHATEL Do x L ©
ERBEA & ORERETE 5, 0BG, Ak
ERARES A R L fRE BET 5,

2. BEHMHBRCREAE

SRR G T B A 2 Zn— 22wt % A1 (SPZ)
44T, T O Table 1 1I0R T, HEM KR T
BRSER, 648K(375C) TH—{bumek, Bkt
M, Z OB, BHOE TEEETo7/21mm
BEol#cdHy, L 150X 150 mm IHEORK %
Bic, TheREFA473K(200C) —EDO VY a—v
A ANPT, 0~ 17X 10° sec OHiFHTINABIILEL
TOE~2 OPIKEEL &>, LichioTmEDOEE SR
BHETER Ulc, S8R SR BRER & T 243 KICHRE L1
EH OB O 2 REFHRBCHEE Lic & & A5
FEHThol, BIIRODERI O ROICEHOTHL( »
) 13, TN EBBIUERBE ICRET 553, 060~
0.80 DA ICH o7

B TN R T

#34% (1986)

Table 1 Chemical compositions of specimen

(wt. %).
Al Cu Mg Fe In
21.22 0.01 | <0.001} 0.011 bal.
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Fig. 2 An example of the profile of a specimen
after bulging test.
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Fig. 3 Relation between M-value and m-value
as a function of strain-rate calculated
from equation (4).
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Fig.4 Variation of the profile of the cross-
sectional plane containing the z-axis of
the bulge. Solid and dotted lines are
theoretical curves as a function of M-

value, and
points.
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Fig. 5 Variation of the inner volume of a bulge
with deformation. The inner volume ¥
(longitudinal axis) is convertible into
the real time T from the relation T =
V|F, where ['is the flow rate.
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Fig. 7 Distribution of the thickness strain.
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Fig. 8 Variation of the polar thickness strain
with deformation. The suffix (p) means
“‘at the position of the pole™.
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Fig. 9 Variation of the polar radius of curva-
ture with deformation.
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