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manufacturing cost aud time it is essential to
get the deiorored proJuct tn olle step without
involving multiple processes. But there is a liruit
to the de{ormatiou process at a siugle step and
is dependent on rnany marerial factors, tool and
process variables. If deforrnation is coqtinued the
blank will deform locally (neck down) ar a certain

n = j<eo * ZRc, * Roo ) section and for certain materials the pressure or
lclad decreases until fracture occurs. The point

0,45 and 90 of maximum load and beginnirig of localized
<ieformatron i.e. the poiut of instability is o&e
impcrtant phenomena thqt need to be considered.
f'he straiu at inetability has been investigated
experimeutally and theoretically for di{fer€nt cases

e.g. in the case of drawing a cup wirh a flat
headed punch theoretical analyses ( 1-5) have been
put forward to predict the limiting drawing ratio
( L. D. R. ). Tho effect of anisorropy on LDR
was also studiedll;.
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The steess strain relationship in the plastic
range has beon approximated by some empirical
eguations like that of Swift, Prager, Ludwik.
For most materialo Ludwik's equation, o :Ken (1)

has been used successfully.

Theory

The experiinental stress strain curve for many
materials have been uged to determine the insta-
bility strain. For simple teasion testr (6) it has

been shown that €u : 1 (2)

Despite the difficulty in moasuring tho strains
and indirect calculation diaphragm tests are pre-
ferred in many cases due to the lollowing reasons :

1) Thcse permit tests over a wide range
of plastic srrain.

2) There is no friction between the specimen
and apparatus.

3) The time of preparing the specimens is
less and precision machining is not
essential.

4) Stress strain curve can be produced along
tha normal direction to the sqrfacc with
the assumption of volume constancy and'
sbsence of Bauschinger effect.

Brown aad Sachs (7) studied the instability
of diaphragms by graphical methods but the effecrs
of anisotrepy and straip hardening exponcat on
instability were not considered. Hill 18y deduced
on6 expression to determine the instability strain in
terms of the strain hardening exponeqt as foliows :

'.4eu :-tT- ( 2o+1) (3)

But he did not consider the anisotropy of
the metal. Chakrabarty and Alexander (9) used
Tresca's yield criterion and associated flow rule
to derive the polar strain at instability as follows.

- 2(2 -n) (1*2n)€o: tr-an (4)

Swift (i0) obtained one expression fot' the
prediction of instability strain and Ludwik's type
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of relatiou the polar strain at instability can
be obtained from the following relation.

"' *j-[#- 
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Wang and Shammamy (11) considered the
anisotropy of sheet metals and used total strain
and incremental strain theories iu their analysis.
They also described one proceciure based on
incremental strain theory to detcrmine numerically
and graphically the instability strain at pole for
diaphragms. Their results for R : 1 together
with the results of Hill, Swift. Chakrabarty and
Alcxander are shown in Figure I. Waag and

Shammamy also compared their instability strain
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values with the experimental values obtaiaed by
Bramley and Mellor (12) {or aluminium kilted
steel ( R - 1. 4, n: 0.246, K.: 82,000 p.s.i,)
only and concluded that the polar tbickners strain
is overestimaied by about 20 per cent. Yamada
and Yokouchi {13) analysed the diaphragm problem
using incremental strain theory. In the analysis
itwas asgumed that the sheet rnetal was anisotro-
pic in the normal direetion. Woo (14) also used
incrernental strain theory for the analysio of
sxisymmetric forming processes but he used a

total strain theory for the numerical solution due
to computi,ng diftcultiea. Anisotropy of the metal
war not considered in this analycir, Johnson
and Mellor (6) used the stress strain relationship
suggested by Swift end obtained some theorctieal
instebility straing for diaphragms and compared
with tho experimental valus. In this analysis the
anisotropy of the sheet metal was not considered.

Progent work and Results

For the present work three materials (with R
values below and above 1 ) i.e. Aluminiurn Killed
Stael, Soft Aluminium, Soft 70130 Brags have
been selected to generate experiinental values.
The material properties are showa in Table : 1.

Anisotropy of sheet metals should be consiCered
since it is a rule r;lther than exception and
arises duo to different forming processes in
the mill.
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The theory of Yameda and Yokouchi includee
simple bo.:ndary condition i.e. the circumferential
strain at edge is zero for all stages. The details
and the difticulties of the numerical solution are
given by Ilahi (15). Using this theory the ef fect
of anisotropy and strain hardgning on pole charac-
teristics have been evaluared by ilahi (i6,1?).

To analyze the effect of srrain hirdening
on instability strain numerical calculations have
been carried out for different values of n. The
values of the material constants were changcd
to see the effect of normal anisotropy as well on
instability strain. The straiu at which the pressure
srarts to fall was taken as the iustability strain.
Results f rom the calculatioac are shown in
Figure 2. In figure I the curve for R * I is
shown for coLnparison with other curves.
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In the present analysis 'Woo's theory as

modified by llahi (18; has been used to determine

the instability etrain. The incrernental strain

theory has been used throughout the numerical

procedure of solution for the three materials

which have been used for the experiment with
a 254 mm (10 in) dia die. Previously such large

diaphargm was not used and the effect of edge

condition is less when thickness to diameter ratio

is small. The diaphragms were deft.,rmed by

unilateral pressure using oil until fracture or
instability occurred and at each step of the defor-

mation procedure the thickness diatributions,
heights of the poles, shapes of the diaphragms

and eurrent distances of specified elements from
rhe centres of the diaphragms were recorded.

1'o facilitate taking of the readings concentric
circular photogrids were printed on the specimens

before the def ormation procedure by using Motal
Etch Resist {19).

The K and n values of the materials from
Table t have been used for the numerical proee-

dure and the theoretical instability strains are

shown in Figure 3. In the same figure experimen-
tal values have also been plotted for'comparisorr.
These were obtained by employing Brown and

Sach's graphical method af ter obtaining the
experimental data using photogrids, travelling
microscope, depth gauge as described by Ilahi 115;.

Concltrsion

Previously many values of instability strain
were predicted without considering the anisotropy

of the sheet metal. Comparisons were also made

between experimental and theoretical instability
straius without using the corresponding values

of strain hardening index and auisotropy. Their
effects are promirrent from Figures 1 and 2. In
figure 3 comparisons have been made where

corresponding values of n and R have been used.

It shows that the theoretical values are higher
than the experimental values for all the cR$es

and difference is largest for brass whose strain
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hardening index is higi]. For Aluminium Kilied
Steel and Soft Alunini,-rm the maximum diffe*
rence is aborit 16 percerr. The increase in ins-
tability strain due to iucrease in strain harde-

ning index is reaffirmed.
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