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The ~ffects of' pressurization on the properties of

metals has long been of interest to scientists. Bridgman

"found that in general~ the ductility (abilit! bf the metal
, .,

to deform wi\hout fracture) 1pcreased with superimposed

hydrostatic pressure. Pugh et al. confirmed similar findings.

T~e effects of hfdr~static pressuref?n the _echanical

propert i es of 'thi n anisot ropi c ii nc. heat treated and non heat,
treated zinc alloy ~heets sUbjected to biaxial tension (vii

'the' circ~ulge test) is investigated in this project.. .
<

;;Ii A b,rief loo~ is taken in~o the generalized conditions

for the onset of"tensile plastic instability in I thin

circular dhphrag_ bulg~d under superimposed 'hydrostltic pressure.
-

The lIate'rial is assumed to ,obey Hill's theory of yielding f.or, , '

aniso~ropic ml~rials. t~ese predictions Ire verified by

conductin~ 'bulge tests using blck pressures 'up to 10.000 nsi.

It is concluded thlt wtthin the pressure rlnge of,investigltion• . ,

there is no detectlble chlnges in the propert.in of the IIlterials

tested.



In the appendi~ section a brief look is taken into

the microstructure of the materials teste~.
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NOTATION

Di.rections of principal axes ,of anisotrop!j
D " \

in the sheet. x, be'ing,in the dire,c~ion, of

rolling, x2 transverse to the rolling'
. . . .

direction a~d x3 perpendicular '~b the plane

'of the sheet.

Cartesian ~oordinate a1es of reference.

Angle measur~d anticlockwise to the rolling

direction.

1, W, t •

Original length, widt~ and thickness

respectively. ,

Current length, ~idth and thickness

0, e, de •

respectively.

Str-ess, strain an'd stra'in'increments.

cr, e, de • Representative stress, strain and strain,
. '

A, n •

increments.

Constants in the empirical stres~-strain

,.

, .

, ,.<

L()ld •

Normll anisotropy

PJlnar anisotropy

Average normal anisotropy

F + G + H

FG + GH +.HF

relation cr • A e n.

'Anisotropic constants for the material,

Hill's nota t i on.

\1

F, G, H, H •
/

,

I •

Q •
p .,

R
, •

AR •
- , (R :
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Pi, '",

Po '"
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is the, ratio ofproportion,ality in the Levy-

mises eq,u.ati~n.

Height of the bUlg~ at the pole.

Radius 'of cu\"vatur\l(.

Pressure on the~oer side of ' the bulge.
, .

'Pressure on the 'outer-side o'f the bulge.\
" \,

Work done

Die ,radius
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CHAPTER I •
<

INTRODUCTIOfl "

/

1. 1. Introduction
F'

, '

The art of sheet metal forming stretcbes back to times

\ " \'immemorable. In this,present era of space age technology, s~eet

, , ,

met,al forming'is playing an ever~creasingLiJT1Portant rple. ~
, .

EVe'ry.day mi11icn~s of components a~e p~esse,d\fr~m~he~t' met;.)

under' varying conditio~s, apd s'lllall changes in m~terialpro~•
, ", '

,pertles can make 'the di~ference between SUCcess or scrap metal.

Scicntis~s are continuously on the loor. out for different and,

better-me_n~ 'of ~hanging ihe shape of sheet"metal into intri~at~

forms ~nd there have been a lot of bri'lliant achi~ve~ents. The

o~c~ thought of concept

The prlnc,ipal

"This is impossible to do·' app':lies no more.
,

purpose'of sheet meta't~stin9;is to

formfng opel"atfons. the
~ .' ..

(at least oy.r certain

determine the 'forming characteristics (limits) under varyibg
... . 0 _

'conditions of t~mper~ture, pressure and techniques. ,The theory of

plastfc1ty has given a better. insight into the ,nature of deforma,":
, \

tian but, the existing theories in general have not been able.to
• ,

adequately describe the· rheological behaviour of materh1s~

From the sheet farming point of view, the situa~f9n fs

not very dfffel"ent. In a large n.umber of

proces~ is ~ssentfally one of plane stress

secti.ns of the deformfng sheet) and,hence one of the principal
. .

stresses can be regarded as zero. Although in princfpl,. this

1



2
, i

should simp~ify the problem, she9t metal forming is still a

complicated combination of'~tr~tchin~,drawing,bending, shear

ing, piercing, etc. [1]. Certain formability tests have'been
" .

devised to determine the limit to which the metal can be

l .

strained during any specifi~ operation. Since most forming

operations are a com~lex combination of stretching and dr~wing,

the applicability of tests such as the simulative test (Erichsen

and Olsen test, Swift draw test, etc.) are designed to represent

one or more important fea\ures of the forming operation. The non

simulative tests on the other hand, used for assessing such

material 'properties like strain hardening, degree of anisotropy,

measure of ducti~ty, etc. are not too helpful in understanding the

mate~ial behaviour\under'complex stress systems encountered in

practical problems. The generalited strain at instabili1y a~ a

measure of the ·effec~ive ductility" seems to be the most general

and rational so far. It is valid for all stress systems; and•
for simple geometr,ic configurations clan often be calculated quite

,eas l1y.

I~ is recognized that ductility is not just a property

of the material but. i~ controlled by the stress system which in

turn is induced by the forming operation. Goodwin [2],examined

the principal strains at the failure site in biaxially stretched

sheet by measuring the dimensions of the actual fracture surface. ~

/~e found that the ••ximum tensile strain at the fract~re site was

least for a process of apProximately plane strain and greatest

for one of nODinal equal biaxial tension IS Show; in Fig. (1.1) •

•
•
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*Keeter and Backofen [3] examined limit strain in sheet metal

subject to varying amounts of biaxial tension and plotted a

similar -8iagram. Fi~. (1;1) shO~!s thllt there is a significant
. , - ~

difference betw~en the maximum strain at the fracture site - the

Goodwin curve - and the limit strain - the Keeler curve - this

suggests that there is some'verv' localized deformatjon processi ~ .

which precedes actual fr~cture in a biaxial stret.ching process.

It is unlikely, thetefore~ that the maximum useful strain in a
, I

process -' the limit strain - can be preditted theoretically

either by consideratfonof'fracture alo~e or simpJy from a '

stability or diffuse ,necking analysis'. This wor!: has recently

been extended'by Marciniak [4] and S~weib~ and Dun~an [5].,who

showed that it was possible 'to obtain the 'formil1g limit dia?rams

theoretically. The a~a1ysis assumes an '~~ti~l inhomogeneity

in the sheet' at wh i ch fracture fi na 11y takes place by formi ng, a
,

localized neck. The theory is capable of covering all stress

states from plane strain ( ~1/02 • 2) to balanced biaxial tension'

(°1 / °2 • 1) and to include such material parameters as the nand

R-va1ue in t~~ analysis~ '..'.

* It is convenieni to use the term -limit strain- to describe
the'strain ih a fractured sheet near to the ~upture but.
measured in a· region' clear' of any zone of localized plastic
deformation associated rith fracture or.a localized neck.'

, . -...... ........~

.' '



1.2. Choice of Problem

\
5

The work presented in this thesis uses an instability

analysis approach similar to the one used by Kular [6]. The

main problem investigated was the effect of hydrostatic pr~ssure

on the insta~illty straln (stress-strain characteristic) in a

biaxial stress system., The work extends a familiar two-dimensional

forming operation. that of form1ng a clamped circular,d1aphragm

w1th hydrau~}c pressure. by 1ntroducing a back pressure~ A

brief dlscuss10n of the bulge tes~ follors 1n the next sectlon.

Br1dglllan [7] has shown that plastic deformat10n wlthout

fracture may be s1gn1f1cantly increased wlth the co-operat10n

of hydrostat1c pressure or somet1mes other forms of ~tress.

Simi 1ar

metals

results were reported by other wQrkers for extrus10n of
Iunder pressure. Start1ng fro~ a work pr1ncip1e H111ier

[8. 9] der1ved the condlt10ns for 1nstabl11ty' under complex

stresses for lsotrop1c as well as for orthotrop1c mater1a1s.

Hillier [10] also showed that tor s1mp1e ~onD1ng processes th~

lnstab111tv stra1n 1ncreasesw1th hydrosat1c pressute. There
".' 1

were two remarkable p01nts about h1s calcu1at10ns: f1rstlYi

they seemed to expla1n the 1ncrease 1n plast1c1ty w1th pressure

as Qua11tat1vely demonstrated by Br1dgman, and secondly, the
...

~effect pred1cted could be checked exper1mental1y even at

relat1ve1y eas11y attainable pressure~.

~·Fro. the practical potnt of view the ~udy of instability
"

is impo~tant bec.use the onset of 1nstab111ty can be reg.rded as

the lill.1t of useful,. phst1c defo.... tion 1n

the theoretical point of v1ew, 1nstab111t~

for.1ng process. Fro.

••rts the end of the




































































































































































































































































