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The need to nroduce shieet metal nparts of various
shrpes =n7 sizus, ir i1arge quantitics, economicnlly,
has led to “he study of the parameters that govern
sheet metnl forming nrocesses in srder to be able to
predict the process ond nroduct properties. Deep
drawing, involving the use of prosses to form sheet
metal narts of shopes nnd sizes determinecd by the
shape 2nd size of thc drawing punch nn< die, has
come into incrensed usc in industry, for the
production of car bolies, oircraft parts, pots, pans,

cups and SO One

In this work n study of the cffect of the punch
profile radius on the formability ~f sheet metal,
with respect to the press lond and thickness strains
cups produces by decp Arowiang of circular blanks,
was carricd out., The thickness strain variation at
progressive stopges nof the Arawing operation, using
five punches of varing nrafile radius, wns
investigated, Thrce metnls, nluminium, brass and
gnlvanize® mila steel were used, The nrogression of
edge pull-in of cup flange for the various nunch
radii wns studied, O©One die of profile racdius 15mm

wns used, Circular blnnts »{ constnant diameter for



xizi

ecch nrterirl werc canloycd, Constant nressurc blenk
holding wns emnnloye” mn?! no lubricants werc used,

Sheet metnl thickness variesd between metals.

A 200XN sheet - metel testing egquinment was
commissicned and used for this work, The equipment
essentinlly a double - action hydraulic nress, is
supplicd with a drawing nunch nnd die, n pressure
blank holder nnd an X-Y recordcer. Four more punches
and a2 die were designe? bnt only the nunches were

produced,

The study showed thet, the punch profile radius
has little cffcect o»n the munch leoad, The plot of
the thieclkness stroins showed one neck, The necking
was more pronsunced anc nccured closer to the centre
of the cup base, with the more generous punch nrofile
radii, Thickening of the cup flrnge increascd with
depth of draw. Thinning at the basc of the cups
increascd with the denth »f draw, The more generous
the punch nrofile radius, the morce the thinning at
the cup basc. Tonl materinl anad finish was noted
to have z2n effect o the thinning at the cup base

Alluminium exhibited the least ability to draw,

Lubricnation shewed little improvement, Thicker
blanks required larger nunch loads and exhibited

more thickness strains at the base of cups,



CHAPTER - 1

IHTRCDUCTION

1.1 General
The term ‘'deep drawiang' applies to the

process of deforming sheet metal characterized
by the use of a punch and a die, with the
sheet metal beinpg drawn inwards and over the
die profile by the advancing punch. The flange
of the sheet metal not yet drawn in controlled
end preveanted from wrinkling by moderate
nregsure anvnlied to its faces hy a suitable
blank holder, Dies can have any shape from
simnlc circular form to the complicated shape
regquired for a car body. Thc main variables
of the deformation in deen drawing are the
radius o thw die nrofile, the radius of the
punch nrofile, the Dlank material, the blank
2F0ldine conditions the ludbrication and the
geometrical ratio of the hlnnk size to the

punch sizc,

The nrimary objective of studies into the
mecchanisms of deen drawing has been to mnke it

possible to predict:



1.1

s

Te the¢ nress lond reguired to perform

o porticular drawing oncerntions
b Co

P The stresses nnd stroins inducoed in

the sheet metal during the operationg

3e The nrobability that metnl of xnown
mechnnienl propertics will draw
succcssfully, - If:'J a;-L~

-~ . oW
’ s

‘Theory and Annlysis of Deep Drawing

The simplest deep drawing oneration is the
procduction of a cylindericnl cup from a flat
cireculsr blank of shuet mctnal, Figure (1.1)
shows thz nrocess of deen~drawing of a circular
blenks The blenk is divided into three zoncs,
£y ¥ ané . Tuc outer smmalsp zone X consists
of mrterinl in contnet witi the dic, The inner
anpuiar zonc Y is initially not in contmct with
eithsr the nunch or the fie nnd the circular

zZone L is in contact with the punch,

48 drawing prococeds, the materinl in zone
X is drawn inwards towards the die¢ profile under
an applied radinl tonsile stress, inducing s

cempressive hoop stregs which causes an increase



n meteriesl thicknoss., This comnroessive hoop

i
stress wili enuse tho flange to wrinkle if no

forw of hlank=holfing is cmployed, 4s the

mrteriesl in zonc ¥ nasses avor the die profile,
it is thinned by plastic bending under tensile
stress. Finnlly, the imer parts of zone X are
further thinned by tension between the die and

the punch.

_ “Zone Y partly undergoes bending nnd siiding
over the die profile, stretching in tension
between the dic nnd nunch, ~n< bending ~né

gliding over the nunch profilc,

~

Zone T is subjecﬁeﬂ to stféfdhing éné
8liding over the muneh head. The ~amount of
streteching depending on the geometry of the
puncir hend and the frictional conditions,
Betwecen the fibres nssocinted with drawing over
the die and with stretching over the punch,

lthere is n.nqrrow heond in zone Y, which escape
plagtic hending over the die profile nné
stretching over the nunch profile, rmad is thus
subjceted to predominantiy simple tensile
conditions throughout the drawing opcration.

This narrow banc stretches and thins under



V7
(a) Befeore r"““

Drawing

Zone X undercogs ralial
¢rawinc ketween die and t
kolder, Dendinj anéd =z1idins
over die profile, and

stretching botween punch
and die,

"

Zore Y undergoes hendirg and
sliding over die profile,
stretching batween punch and
die, and bending snd sliding
‘over dinch profile radius,

Zone Z undergoes cstretching a
sliding over punch head, dend
and sliding over punch radius.

Fig. 1.1: Deformation of blank under punch load,




tension tn n lower cxtent than the fibres on
cither gile of it -n" zives risc to o thicker
band between to apnorent necks, Fipgure (1.2)
schciratically highlishts the two necks 4 and B.
Fracture of the mctal takes nlace nt one of the
necks, usunlly »nt the one nearest to the punch
head, neck B in Figure (1.2), nccording to
Johnson en Mellor (1962). The punch load at
any nhnsec of drawing is determined by the radial
drawing regime, an?d it in-turn governs the
str=ins in the stretch-forming region, If the
blank is held rigicly at the die to prevent
radinl drawing, the nrocess becomes one of pure

strctech-forming.

1.2.2 8tresscs ons Strrins in Deep Drawn Cups Pure

RwAinl Mrawing

For nn isotronic materinl the nrincipal

stresses for plene roadinl drawing are the radial

1y
bl~ank ond the circumsfercntinl atress'sh.

drawing stress G, the stress G, normnl to the
b

Considering an clemcnt in the flange, at current

radius r, nnd with stresses ncting as shown in

Figure (1,3), it c2n be shown that the equantion

of radinl eouilibrium is:
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where +1 is the co-cfficient of frictioan, nssune?
congtant neross the flange, The physienl

conditiong show thnt 5;1 will be tensile, (Té

anc (;é will be compressive. Sincce the blank
thickens most at the rim, it will he assumed
that 211 the blank-holding forece is exerted at
the rim and thnt elsewhere sz = 0. Thus,
considering frictionnl effccts separntely, the

cquilibrium equation becomes:
& 45y ot (G - 5Y o
= (D) = — (G4 -6 (1.2)

o

wherc G is the nortion of the drawing astress

tue only to frictionless rndinl drawing, i.e,

Lo

PRI OO

.o

et

T™e yield eriterion may be written nsg:
G o~y e 0 e (1.3)
whore é%is the represent~tive stress and m
neccording to Johnson ond Hellor (1962), has =a
value of 1.1 tn give optinum agreement bHbetwecen

the Treses ~Anad Vop Mises criteria of yielding.

4G & —m( ‘1‘" - G-—‘%— ———— (1.4)

considering dt to be small ot any nonent, the
oguilibrium cguatinn then becomes:

e
A A



Fig 1.3 Stresses on element in Hange

Figd.4 Section ot a partally drawn cup



- -~
¢ = e rr ( 1.3)

Assuming that the strein-ratce during racinl
drawing is constant aal ignoring the cffect of
changing stress rantio, the current value of the

representative stress:

G - J'sa (€G- 6% + (6 - Gp® + (65 ~5p?]

depends only up on the representative strain

e.J-';l'L"'( €, - €y

2]
-

s {8y w B30 4 ( €y 1)2_]

Also, TTill (1950) hns shown that € is never more
taan nbout 3 per cent greater than the numerical

valuc »f the hoop strain, 53.

Introfucing strain-herdening, n suitable
empiricrl expression, according to Ford (1263)

is Ludwik's power lnw:

G = Go EBEYR (1.6)
where O, B and n are constants. For practical

purnoses, thereforc, it can be written asg -

G c‘;o + B (10 B/Y)?] e (1.7)

where 1n R/r is the hoop stranin, R being the
initial radius and r the current radius to a

particle.
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Trom Fimure {(1.4), if tn represeats the
curriert meni thickness °f the metal between the
rin ~nd $ho elerweat under considerntim, The
con‘ition of incompressibility gives, cquating
the volume of metal before and during radial

drawing;
i (Ro2 - 32) to v n(rn2 - rz) tm

where to is the original thickness of the blank.
This may be written in the form

22 ,to 2t 2 1 C :
(7 () - 1= (R 0 ) b omtis BAYe
: " ! ¥; ! r2 re

Hence, the hoop strain 3 is

R Ttm 4 D
In = - % In«i 't; (1 + rj-)j ——— (1.8)

substituting in cquating (1.7)

(.".., - "t -:g-n

2 nGo +B{% inl?@»(i+—%—) J
“ 0 r" }

L -

If this is substituted in the equation of
equilibrium (1.5)
dGﬂ-mG.gi-nﬂ[% ‘ln-;-@-(i-!-—{':—)‘}‘jnfr_
r P r2 | =
~nd integrating, the nortisn of the drawving
stress, at current radius r, cdue to radial

drawing =2lone is;



. -r
o r '
= =l ‘m(-!-;—) - m3
0 2 4f
=0

femntE—-— (1-9)1

Y.

:'t -~
(1+<). S
r(» . r

:%'1ni

3 |

3l

~

waere r, is the current racdius of the rim of
the blank. If H is the total blank - holcding
force, the portion of the drawing atreaa,;;i,
cue to blenk-holding friction, con be shown to

~1 43
be & = = ( 1. 10)
1 ‘-Pot

where M is the co-efficient of friction, nssumed
constant and equal for hoth sides nf the blank.

The totnl racdinl drawing stress is then

= o g |
(.’."1 = ') + (‘1 ————— (1.11)

Cnce the strosses are known, the strains can be
abtained from the Levy-ldsecs relationghip taking

{2, to be zero,

» £ o’ '
dt f O 412 i dr
~hu - em— =
s T = | 3 7 3_ s i r

an-l substituting "53 =0 = m> from the yield

criterion

= o = .
Fo-CeE— At ()
- T 2m-

The thickness chanzes of nny narticular
clement of metel of initial radius R is got hy

substituting the volucs of G and G in equation



{1.12) rn’ integroting. The reclntion between
roant P, is “Jerive” from the equation of
incompressibility

Al 0 2
(ro2 - r“)s;"-f2 - (Ro“ - ) = constant = T, say.

t
Thus; r = (r%-cC. ) *®
[ ]

where tm is the current menan thickness of mectanl

between the rim, radius r,y And any radius r.

The final thickness strnins in the wanlls
of the drnwn cun will he less than this due to

the bending an” unbending over the die,

1.3 Relevont Previous Jork

A number of investigation into deep drawing
of cylinirical cups from circular bhlanks have
been carried out in the nast. 7The nmain noints

nrigsing from these investigntions nre summarised.

1.3.1 Blﬁnk“h31ﬂiﬂs

Dlank holding is employed to prevent
wrinikling of the cup flange during radial
drawing, but with minimum of interference with
free Arnwing, Two tynes are cormonly used,

clenrance blank=holting nnd pressure blank-



hWoldinre 'Hth clenrsnce blank=hnldiag en initial
clenrones af 5 nercent was faun” by Jones (1951)
to be sufficicnt a5 the reguire” purnose. YWith
pressurce blank-hol?ins, the minimum force
required to nrevent wrinkling is found ane it

hns beecn shown by Johmson ans! lMollor (1962) that
incre=sing this force hrsg little cffecct on the
maximum nunch load or on the finnl thickness in
the base nna nrofile rndius of the cups, but the
cup wnlls were thinner with the higher londs.
Thomas (1970) recommended n blenk-holding pressure
of not more than 75 percent above that required

to supnress wrinkling.

1.3.2 Drawing Ratio

The drowing retio hes heen defined as the
ratio of the blenk “insmeter to the nunch diameter,
It h28 heen noted by Woo (1969) that for any
given drawing condition, the maximum punch lonad
increnses almost linearly with the blank diameter
over the whole of the useful ronge. Also, if
the hlank diometer is annroximetely twice the
punch di~meter (i.e., drawing ratio of 2), the
punch lond, under favour-ble lubrication anad
holding conditions, becomes equal to the
strength of the cup near the bottom at its

wenkest secction,
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1lede3 Dic Yrefile 2--ing

rrovited that the raTius deos not €all
2wly ten tipes thoe “lank thaickness, the die
profile redins Zas boun foun 4o have little
significonce in the maximm “unch lo~d, The
sharper the die nrafile rn”ius, the greater is
the meximum punch lond, becaunse of the incrensed
procese work ‘luc to niastie vending vwnder
tension. Decreasing the dic nrofile radius
below a value ten times the blank thickness
lowers the limiting drawing ratio. Incrensing
the die nrefile radius above ten times the blank
thickness cnuscs negligihle imnrovement in
drawnbility, while n rreater tendenecy towards
wrinkling is arnarcat sn the drawn cups. This
bein: duec tn the enrly removal of the guiding

influence ~f the bHlnnk-holder,

1.3.4 Punch Profile R~Cius

For any given <drawing conditinons, Johnson
~nd Mellor (1962) foun? that the morc gencrous
the nuneh nrofile radius, the more gratunl is
the risc of the muneh 1laac an? tho longer the
munch travel, bhut the maximum punch load is
almost unaffected, The »rovision 2f = pencrous

nrefile radius gives risc to gencral thinning
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and the drnper of froacture, nenr the ceatre of
t2¢ cun base, 4 surrn nuneh nrofilce radius
lends t9 severe nlastic bending an' the danger

of an carly fracturae,

Chung ond 3wift (1951) carried out n series
of tests covering n range of punch profile radii
with 2 drawing ratio of 2, From the measured
thickness strrins, two Jdistinet zoncs of
necking were recorde” ome nt the lower end of
the cup wall near its junction with the punch
profile radius an' the nther at somc slightly
smaller pradius. The location and severity of
the profile neek clascest to the cun centre was
noted to cuannge systernntically with the punch
form, Tho corestest thinning occurins with the
hemispherical punch, The final strains with
walls of the cups werce scarcely affected by the

runch »rnfile pradius.

1,3.5 R'inl Clecarnnce

Radinl eclearance is defined ns the difference
between the punch dirmeter and the dic throat
diameter, In cnses where an irregular nunch
is in use, radinl clearance refers to the snace

between the nunch nand the die on any one side,
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demetimes clionranco siwmnly refers to the nllownnee

nrevided for the thickenins of the Bl-nk during
A drovdiap snerotion ~nd eonld e magitive, when
an nll~swance is wade Tor thickeniny or negative
vhen ironning is intendecds Rndial clesrance may
affect the drawing proecess by controlling the
freedom of the walls either to thicken, or to
trpor and pucker, According to 8achs (1951)
insufficient radial clearaace or negntive
clearance cnuses nn inerease in the aperating
nower rnd a reducticn in tool life due tn the
weor mgnrcinted with ironing. Exccessive
clearsmce results in cups with conicnl shames
and wrinkles. Gachs {19351) established through
exnerinents thet redinl clenrnance of ot lenst
436 percoent cf vrterisl thickness wns3 necoessary
when ironing is not desirnble, whcn working
with ~luminum “lsnks. Jehnson and Melloar (1962)
recommended clear-nee of 440 nercent of Hlank

thickness whicn working with nost comnon metnlg,

. r Lf!. . : T
1.3.6 DlMaterisl EE SA T
Lo+ 8ome Mechanicnl properties as Aeternined

frowm tensile testa »n” the surface conditions
of the sheet metnal are Known to influence the

drawing cperntion, The maxioum punch lon! hnas

v
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heon found ta Me relnted 40 the nltinate tensile
strongth af »n materisl under test, The formnbility
¢f = material as “iscussed in scetinn §, depends

to some extent on 4L'¢ mechanical nroperties of

the material. Johnson end l'ellor (1962) established
through exneriments that the thickness strains in
the base and nrofile radius of the drawn cups

dif fered between different materials, under

similar working conditions.

1.3«7 Lubrication

It was demonstrated by Loxly and Freeman
(1954) that lubrication has a marked effect on
the maximum size of blanik that can be drawn
successfully, Lloyd (1866) and Fogg (19267) gave
the ontimum conditions as those which for a given

lonk size, give the smallest radial null-back
forcc and nlso restrict the straining in the
region over thc nunch nrofile radius. This neans
lubrication detwecen blonk nnd die face and none
between blank and punche In sone cascs, duc to
the surface conditinns of the material; lubrica-
tion mny not have n marked cffect on the drawing
process., The sneed of drawing hins been reported
by Fogg (1967), to ~ffect the effectivencss of

some Jubricants. This occures mostly with light
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oilg Mmere hicher sneeds nnlte for better

drevn®ility.

1.4 Shoet Metal Propertics

an understnnding of the mechanism of dcep
drawing is cnhnnced by thce knowledge of some
sheet metnal propertics and the common failures

nssocinted with forming sheet wetnl,

1.4.1 Mcchanicnl Fronertics

1.4.11 Strength

The strenpgth chirracteristics of o metnl is
getermined from teneile tests. It is known that
a metrl e-n withstnné n certain nmount of lond
without andergoing ~ny significant nermanent
defermntion., JSome permanent deformntion occurs
after the clnstic limit is excecded, Mild steel
often exhibits a definite nnd gudden yiclding at
lond, %Xnown ns the yield point., The yield stress
is defincd ns the load nt the point divided by

the original cross~sectional aren of the specimen,

Most metnals nnd alloys do not show n definite
and nronounced yielding exhibited by mild stecl.
The change from nurely c¢lnstic to clastic-plastic

deformation is gradunl in these metals nnd in



giich ctsea, a nronf strusgs instend n yield stress
is ndented, A nroof strags is defined as the
gtreags waleh will caugo n permanont extension
counl to »n snecifiod porcontage 9f the originnl
gnugo lenpgth, The ultimate tensile stress or
tensile Btrangih in tension is the maximum
strongth observed uander n tensile lond and is
detorminad by Aividing the maxinun load supstained
during the tenst by the original cross sectionnl

aren of the gnecimen,

1.4.12 Stiffness
Stiffngss is considered to be an indication
of rosistonce to deformntion below the elastic
limit. It ig ropregented Hy the slope of the
initi~l gtraight lirno portion of the stress-

strain curve,

The Youmg's Modulus or lodulus of Slngticity
(E) is n neasure of stiffness and is given by the

expressiong

which for the cape of straight line/lincar

materinls isy
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1.4.,13 Ductilitx

T ~Hility of netnrls to vndorgs dcfHrrmation
in tonsion mnece the elnstic linit hns “en
excendz]l is Xnown n3 ‘luctility., A4 metal with
good 2uctility exlhiibits appreciable elongation
unser tenginon befare frocture occurs,

Fetnls with good ductility form well,

1.4.14 Toughness
A mctal thnt combines high clastic limit

with good ductility is tough. Graphicnlly
toughness is indicnted by the arcen under the
stress—-strain curve up to the point of rapture.
Toughness is an indication of the ability of a
metn2l to ahsord relatively large quantitics of

encroye.

Tough netnls make for good forming but

reguire lsarge forming londs,

1.4.15 Hardness
Taprdness is considered to be the resistance
of metal to indenteotion =nd is therefore, closely
ngscciated with stiffness and elastic limit of
n metal, Brinell!, wckwell an7 Vickers scnles

arc mainly in use,
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1.4,2  azisotrony - j@wﬁ7"'+ |
Anigotrany or Qirectisnality refer to the

nhenomencn of Jiffering strongtlh nropertics in
different directions., JAnisotropy fluctuntes
during nrocessing in regard to its magnitude and
specific nature, The development of 'ears' in
deep-drawn cups exhibit the preééncé of
anisotropy. In coldewarked nmotals anisotropy
incre~ges atendily with inereasing; strain
hardening, ond e2n not be avoided, Tlowever,
annealed shecet metnls possess minimur anisotropye.
Thig is comiion with copper anr! aluminuwm. he
pregence of Aanisotreopy is unavoidable in 1owe
carbon steely nessibly due to the continuous

hot-rcllivg i cold-rolling practice common for

this metnl,

Fad

The »resgence 2% ears in 4rawn parts
inerenses the trimming scrop, Also sheets with
praonouncea directinnality are liable to crack

during the drawving process,

1e4e3 York Hardening

' Tho ability of metals to bacoame stroenger

and harder when loaded nbnve the clnstic limit

is termed work hardening., ac the metal
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unlersoes nernnnest tefwwrmntion, it woprk-hardens
natil its3 stroeagth cventunlly balances thic langd
el fefernaticon conses, If the looC ig inercased
slightly, additi-nai nermencat defermntion and
weri hardening occur until the load is again
balanced. This »rocess goes on until rapture
eventually oecurs. ‘/ork hardcning increnses

the resistance to plastic deformation and the

tensile strongth »f » metal.

1.4.4 Common Failures in Sheet=lMetnl Forming

Extensive experimental investigntion and
Plant research Ly Chung ~ne Swift (1951)
< Sachs (1251) et al have reveale! that the
frilure of a sheet metnl part on forming is

usvally by onc nf the followings

i. Fracturingg

ii,

8

eckin; under tension stresses;
ifi. Ddueklins nner commression strossess

ive drawing failurcs,

14441 Fracturing

"en the length of a metal fibre is
increased heyond n certnin limit, fracture
cccurs. In most instances frocturing is

caused by the presence of tensile stresses,



The strain ot vidc: fracture nseccurs, termaq
Pivetility!, Aenoen’s on tho motlind by waich it
is obtnined, Fracturing is ceonsidercd the most
coumaon type »f Lo2ilurce,  However, it ng been
observed thnt in » number type of parts, cracking
oecurs at stroins wiich are far below the
ductility of the materinl. In such instonces,
excessive thinning ocecured before the crnck
appeered. Such local reductisn in thickness
according to 8ach's (1831) is known to be
similar to thc nceking observed »n tensile

testing nf ductile materials,

T
e

1,4.42 Neecking =~ <

The whenomanon of necking determinces the
forming linit, cr strctching ability, for a
number of part types, noanely, curved scetions,
partas with streteh fionges nnd deen—-recessed
parts. In such parts according to Swift (1954)
failure results from the tensile stresses acting

in ¢ortain locations and stretcaing the wetal

Y

heyond its forming limit,

le4e43 DBuckling

I

o XIf n commressive stress ncts in n slender

. sheet's plane it will cause the part to buckle

T 5
3



rather tona contract.  In tais ecase, geometrical
featurcs »f the frmed part, =an’ details nf the
faroming nrocecdure determine the tencency to
buckle to 2 pgre~tor cxtent thinn the metal
prenerties, Duckling phoenomenn either limit

th: forming of narts with shrink flamges or
deman? thnat special measures he used to prevent
or control the buckling or wrinkling of such
parts. Buckling according to S8achs (1951)

coull he troublesone in the forming of curved
sectiong, »f shallow-recessed parts, an? of
deen-recessed ports. The forming of these parts
being considerably influencced by the necessity
of avoiding buekling in vorious locations which

are subjected to commressive stressces.

1.4.44 Drawing Fajilure

a Arnwing; failure is unique ond different from
ather failurc tynes in t'int the over-anll chnnge
in shane ratacer thnan the straining of certain
loentinng is the limitinz foctor., This could
be expl~ined by the fact thnt the forning
forces must be trangported through scctionsg of
the nart from their sources, namely, the nunch
to the plasticelly deforming areas. If the

desired chenge in shane involves tao large a
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volume of net-l, the streanth of the nmetal
conrzetines the nower somrcee md thae Jdeforned
nre~ riny he insufficient, ~nd Tnilurec will
occurce ~t the weakest noint of this connceting
link. The relation of this drawing fnailure
tc nny narticulsar met-~1l property is obscure
but S3achs (1951) noted that certnin
operatiosnal concitions, porticularly the
gsurfoces of the metal ~anid tonls, the shane
of the punch nf fie nrofiles nnd the size
of the blanks, are iaflucncing factors in

drawving,

Formability

Formability has been cdefined by I'npe and
3erry (1973)ns the ~bhility of a material to
withstand a Crawving or sther “nrning operation
vithout forilure. lMechnanicnl properties of a
metal ag deternined from tensile nnd hardness
tests, nlay » sipgnificant role in formability
2f ~ metnl but their knowledge is not
sufficient to nredict the rerformance of the
metrl during 2 particulsar forming oneration,
Thus, specinl forming tests are usecéd to
confirm the conclusions drawn from the tensile

paramcters,



Svif“4 (1954} has shown that tensile
failures generally do not occur vwithin the
dreving zon2. Cvirg to the charscter of the
apnlied stress svstem and thal failures in co
commregsion by flange wrinkling can usually
be supnressed by the use of an adequate
clamping svstem, Thms, the ability of a
metal to sustain stretching and/or hending
under tension without failure generally
determines its formability. GStretching and
bending over the punch profile leads to
thinning (necking) of the material., This
neceking phenomenon, according to Johnson and
Mellor (1862), detcermines the forming linmit
or stretehring nhility of the materi=l and
thet gencrally failure takes nlace as a
result of tensile stresses acting in some
locaticns and stretzoihing the metal beyond its
forming limit, Another failurc associated
with thinning is that of bLending over the
punch nrofilc. Sachs (1951) noted that
there is a minimum radius over which a
metal can be bent without fracture depending
en thic ductility of the metal, ‘'/hen the
bend radius is such that the strains on the

outer or tensile surface is greater then the
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ductility, the metal will fril., Ancother
criterion used %o deternine the formability
of n mrterizl is the limiting drawing rntio,
defincd es the ratio of the maximum diarcter
of blank that can be deep drawn succcessfully
to the diameter of the nunch dismeter. This
forning linit is termed drowability., The
values for drawnbility vary with nateriels

and conditions of draw.

Torming Limit diagrams (FLD) were
developed by Feeler ang Godwin (1971) for
drawing onelity grades of low cearbon stcels
rnd have sincc boen nnplicd to the other
mnterinls., Forning linit Dinpgrems refer to
the stretehing nerformance of sheet metal
curing - forming onerntion. According to
‘/ilgon nand Acselrnd (1779). TForning Limit
Mingrams specify the way in whica the limiting
value of the maxirum surface strain ( £ 1)
varies with the magnitude of the minimunm
surface stroin (£ 2) in a ronge of stretching
operntions which ~re charncterised by
differing values of the npplied strain ratio

2

{ Sar Ti). Forriing limit Diagrnams nve been

used incrensingly in recent times to discribe



the forrnbility of sheet meinls. Tlowever,
Bion (1980), hns shown thnt Forring Limit
Dingron 13 not exvwmsgtive in describing the
formnbility of 1 materinl ns snmnll differences
in composition or oHrocessing of the material
do not chmonge the Forming Linit NDiagran,
Sheet metal formability is thus a complex
property which c~nnot be charncterised by a
single parancter, Yovever, by studying the
two extrenes, deep-drawnbility nnd
stretchnbility scparately, it is possible to
describe them by simple paraneters nnd

gstinulnte thenm by well-known forning tests.

1.5.1 Dcep=drawability

Deep drawing inmplics simultnncous tensile
and compressive strains. The drawnbility is
inproved Yy recduced thickness straining
(thinning) nnd thus by increersed width
straining. The strain ratio (r) is defined
as the rotio between the width strain (7 )

and the thickness strain (¢ ) and is given bys

.
w

r = - —

°t
Strain ratio (r) is reclatcd to plastic

anisotropy nnd is usunlly measured on sheet



. o . o o
apecinens whieh arc orientnted at ¢, at 45

- o , . s .
aag 2t 307 to thoe eolling dircetion,

r is got frorm the averagc given by r '

= % {ry + 2 rpe + gyl

1.5.2 Stretchability

5.+ 8treteh forrming is defined as bioxinl
tensile straining, Hence a sheel naterinl
with good stretch ability rmust distribute
strrins evenly to delay the local thinning
londing to fracture. High and unifornm
2lengation; nnd high strain-~hardening; rate
are thus the important pronertics for stretch

forring. - -



L TNETIY
ClaArY=T - 2

EQUITHENTS

The main equipment used for this work, a 400kN

sheet metsl testing nachine is suppiried with one

drawing nunch of 5mm profile radius and one die

of 45mm profile radius, To test the influence of

the punch and die radii, several punches of various

profile raddi and a die of profile raddi less than

15mm were designed,

2,1

Punch And Die Froduction

Four puncheg of profile raddi 3mm, 10mm,
15mm, and 18mm were made. The npunches are of
the same length end diameter as the original
punch bhut the nrofile radii are altered, The
production drawing for the punches is shown

in drawing number 1a.

-

Iﬁ.ﬁﬂeﬁmachining of ihé pﬁﬁch radii,
correct tools with the required radii were not
available, *hence the radii of the punches were
epproximsated. This was done by adjusting the
position of the tool post with respect to the
work piece (the nunch}, thus placing the
cutting tool at various angular positions to

the work pliece and enabling cuts to be made
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at sapgnlar nositidﬁs; “adius rRuges were used
to check the radiug o7 a profile at various
stages ol the criting till the correct radius
was ostairad, The minches were mace from mild
steel as no tool steel was available,

-

Case llardening

The munches madé of mild steel could
not be heat-treated directly and had to be
carburized. Carburizing entails the
enrichnent of the outer layer of the mild
steel to a high carbon steel by "wating

the material in 2 carhon rich medium,

The punches were packed in a steel box
together with charcoal granules as the
carton rich materisl. The sunches were
nacked such that the charcoal grammles
covered each of them on all sides for a
thickness of not less than 10mm., The box
was then covered and heated in a furnace
for nine hours at a temperature of 950°C,
during which carbon infused into the surface
of the nunclhes, The punches wvere then
quenched in water and tempered at a

temperature of 200°C. ™his entailed




reheating the punches to 200°C for 15 minutes
ané then ellowving them to cool in air, This
tempering treatment relieves the thermal
stresses and ‘oughers tie core, After the
heat treatment, an average surface hardness
of about 45OHV30 on the Vickers pyramid
tester was recorded, compared with the

original hardness of about 1601V,

After the case hardening treatment, a
final polishing of the punches was carried
out using emery cloth. Plate 1 shows the

punches after production,

Die Production

The die nrofile radius of the oripginal
die of the drawingy ecuipment is rather large
at 15mm considering that blanks of thickness
1mm to 1.5mm were to be used in the experiment.
Thus to avoid wrinklinm a die of nrofile
radius 10mm was designed., Details of the die
which is essentially the samc shape and
dimensions as the original die, are shown in
drawing number (1b). However die could not
be produced cdue to unavailable steel plate of

the dimensions required for the production,
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l‘ain Dquipment

Degerintion of the Main Eouipment

The main ecguipment used for tais work,
2 400k!l Universal Sheet Metal Testing !“achine,
is simply a hydraulic press with electronic
esuipment to measure load and displacement in
a nressing operation. The main function of
the pnress is to deform meterial and this is
effected by the main ram to which the pump
is attached, The drawing punch is screwed
onto the mein ram, Clamning of the sheet
metal specimen is effected by the clamping
ram to vhich the clamping plate is attached.
The nrimary clamping and secondary clamping
delivering loads of 0 -- 30 Il and O - 100 N
respectively, Figure (2.1) shows the
hydraulic circuit for the main press and

clamping systems.

he speed of the main ram is variable
and is adjusted by means of the speed control
valve located next to the push button station
as shown in plate II. The movement of the
rams is controlled from the push button

station, Clamning loads are controlled by






the claiming nressure controls located on
Tt ringht =07 gide of the machine as in
Flete II and tie loads are given on the

essociated nrescure gauges, The speed of

the clamping ram is fixed.

The two rams are supnlied by the same
doudle vane pumn which is driven bHv a
7.55.F., electric motor, as shown in Figure

(2.1).

The press unit consists of a fabricated
steel cylinder with two “wydraulic cylinders
and rams, a screwed bayonet locking ring,

a hinged die holder vwhich mates with the
locking ring, and a centring unit with
centring fingers for accurately centering
circular test pieces. Uigure (2.2) shows
the press unit in part, The central column
of the nress is located between the main ram
anc the nunch and is accurately guided in a
ball bush set. The central column includes
strain gauge load cel!ls used to record the
drawing loads. The movement of the punch is
measured with a linear potentiometer, attached

to the central column. The outnuts from the



el a3l en? Llinzar potentiometer are fed to

1

4he X-¥ »eocprder, Lesd is recorded on the
¥-ax’c snd Gispnawencny cn the Y-axis of the

recorder,

2.2.12 Commissioning the lMachine

The machine which had been installed but
not bheen used for s long time had to be
commigssioned. The procedure for commissioning
a8 specified in the opersators manual was

adhered to,

#+2+1,21 Running the Yress:

B Before the press was run; the oil level
ih the o0il tank wasz checked and topped up,
‘Phe electrical circuits were checked to
ensure pgood continuity. The equipment was
cleaned of dir: and rust, Having estahlished
that the mechiine was in good order, the motor
wa8 started by pressing the anpropriate push
button, Initially turbulent flow of the
hydraulic o0il was observed in the transparent
noges which would have required hleeding of
the system if it had persisted, The
turbulence stopped after a few minutes of

opergtion and oil was seen [lowing freely in

e
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thz trarsnarent hoses, Jith the sneed
control valve set at maximm speed, the
nrasgs was run m and down a number of times
until! it was “unctioning smoothly. The
sane nrocedure vwas adopted for the clamping
ram, with the pressure control valves
turned to the onen positions. The ranm was
ran up an? dovm a fow times until it ran
smoothly, it the main and clamping rams

running smoothly the press unit was ready

to be used.

The X-Y Recorder

Tae X-Y recorder records the drawving
load and the movement of the nunch
indenendently on cartesian co-ordinates,

The load signals are given by a strain
gauge load cell and the movements by a
linear potentiometer, The load recorded on
the X-axis (te horizontal) of the recorder,

and tic disnlacement of Y-axis (the vertical),

The recorder has two operational modes
of scale, the 'variant' (var) and the 'caliberated'
(cal,) modes. *ith variant mode in operation, the

sensitivity of the recorder adjusted by the
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one 0w wWalle the epliirated mode has a

fixnd gensitiviity set by the wanufacturer.

Commicsioniny tie X-Y-Recorder

T1e {-Y recorder ’‘iaC veen ingtalled on
the equipment but has been out of use for a
loag time., It was noticed that some control
6ables in the unit, had been pgnawed off by
rats and the three-way togle switch for the
pen broken. Some of the demamaged wires were
resleced and others repaired by taning up the
exnosed narts. 4 check on the circuits was
carried out =it a multitester aided hy the
circuits diagrams sumnlied in the operation
manval, to ensure that the rermairs were
properly done, [Lfforts to secure a tiree-
way togle switch for the pen failed, hence
the broken switch was replaced with a two-
way 8witc®., Cnly the 'down' and 'off!
positions were connected leaving off the
remote position which is not necessary for

the proper operation of the pen movement.

To eliminate jittery movencnt on the
Y-axis, the nogition foodback notentiometer

mounted underneath the Y-axis (gantry cover
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X—-axis, the sensitivity control switch was
set to ?2,5!¥/cu position, the load selection
switch was setl at the 10 tonne position.
"Jith the calidbration nush button nheld in,
the position of the pen gantry ‘ras adjusted
by rotating the range control until the
calibrated sipgnal read full scale deflection
on the machine. The load scale of the
recorder at this stage, was then set to read
correctly on any of the six scales selected,
The load scale selection switch was left at

10 tonne of the trial run.

On the displacement axis (Y-axis), the
sensitivity control was set to the 10!V/cm
position, With the calibration nush button
held in, the sensitivity was adjusted by
rotating the X-axis range control to give
a pen deflection of 25mm on the graph paper,
At this position, a punch movement of 1mm
will register 1mm on the graph paper. 'ith
the range control left at this position,
other scales could be got by selecting
positions on the sensitivity control,
‘lowever, to get the pen to mate a deflection

of 25mm on the graph paper, proved on
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impogsible task, .ammrently some damare has
been dotre *to the eircuit which was not
detected, Urovin~g test nieces showed
discrepencics in the nlots obtained, Thus,
the veriant node of operation was “iscarded
and the Cal mode adopted after trinl runs

confirmed thnt the Cal mode was in order.

Jith the Cal mode of onerantion the
sensitivity switch for the load axis (MX-axis)
was set at 2.51V/cm and for the displacement
axis (V-axis) it was sct at 10FV/cm, The
lond selcection switch was gset at 19 tonnes,
Triel runs on the eqgquinment, using identical
test blanks gzave consistent results, The
Cai mode of cneratinn was therefore, adonted

tharourhout thr exnerinent.,

Cther Zguinnent

Tensometer

The tensometer shovn in Flate III was
used to determine the tensile propertics of
sheet metals used in this work. Snecimens
to be tested on the tensometer were made to

100mm length and 12mm wide. Tach snecimen
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was introduced into the jaws of the
tensometer such that the gauge length

came to 50mm., Before the specimens were
tested, a rigid piece of metal was first
tested in order to establish the extension
of the members of the tensometers. Load/
extension graphs were ploted on the machine
for the specimens and corrections due to
deformation of framc were introduced.
Three specimen were tested for each
material at a strain rate of approximately
2 x 10~ 1/second. The stress-strain
relations obtained from the test are shown

in Figufe (4.1) in page 59.

2.3,2 Microheter Screw Gauge With Attachment

The mictometer screw gauge shown in
Plate IV was used to measure the thick?ess
of the cup base and wall, In order to
measure thickness at a point, a brass conical

attachment was designed and produced.

Thus, the micrometer with the attachment
was in Plate IV is able to measure thickness

at a point,






2.3.95

Prraid Tardazec Ceglsd

—— -

Tae pyoowia aardness tester fn Plate V
was uc2d 52> 22i2maine the hrdners of the
sas¢ hardened punches
after production, Tests were carried out
on three spots of cach punch, at a load
of 30Kg and the average value obtained for
each punch, For all four punches the mean

hardness was found ‘o be about 450HY.
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CXFSRITLITRAL PROCEIHUG

Slank Prenaration

Before cutting a blank for the drawing
operation, it is important to %now how large
the blank must be in order to nroduce the
required results., From the discussions in
Chapter 1 and 2, a drawing ratio of 2 was
assumned to be idenl for the purpose intended
in this work. Howvever, due to the larpger die
profile radius of 15mm, which may cause early
wrinkling of the flanpe material as it lecaves
the influcnce of the blank holder, a blank
digmeter »f 10Gom was adovted, A uniform
tlenk dirmeter for a1l three materinls, brass
aluminum and gnlvenized mild stecl, was
intended wvhen making the choice bhut eluminum
wag found to fracture at the profile radius
before n full cun could be drawn, Hence,
blenks of 100mm Ciameter were ndonted for

alumipum, -

»

To preperc the blenks rcequired for the

drawing operatien, the sheet metal was cut



Fig. 3.1:

Schamatic representation of specimen blanks showing marke.



into 120mm souares usinrm a shearing machine,
Circles of diameters cemual to the required
blenk diarmcter, ver. inscribed on the sheet
metal squeres, end noried out as shown in
Figure 3.1, Circular blanks of size a

little larger than the inscribed circles

were then cut out of the sauarc blanks using

a hanrd guillotine or a tin snip. The circular
blanks were then carcfully ground to size with
a grinding stone in order to remove the vork-
hardened edge of the blanks., Burrs at the
blank edges were removed with a2 hand file,

The blanks thickness was measured and
recorded. Specimen numbers were then inscribed
on each blank and it was introduced into the
éraving eouinmint as required. Care was tesken
to grind the blanks ns close¢ ns possible to
the inscribed cireles and the burrs carefully
removed to avoid errancous readings at the
edge of the drawn cups, !owever, some error
nrising from the grinding of the bYlanks to
cirenles and the deburring of the blanks was
inevitable., Plrte VI shows nrepared snecimen
blanks of galvanizcd mild steel, brass, nnd

eluminum rendy for testing,
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Lo

Fositioninz the Snecimen

mo nogitior. 11¢ sneecinon in the drawvinge
couipment, the Hryonst locking ring wng
unlocked and the cdic holder lifled, to make
nsses to the clamping plate nossible from
above, Yith the required punch screwed on
to the main ram, the nunch nnd clamping
plate werc lowercd to their bottom position,
The specimen blank to he tested was placed
on the clamping »nlrte ~nd centred by the
centering fingers. The centering fingers were
returned to their rest nosition nfter centering
the blank, in order to nvoid their being
dennged during the drawing operntion., The
dic nolder wns lowerced nnd locked in plnce.
The clamping nlate with the dlank was raised
until it touched the fic facc then the punch
was rnised to » position whore it just touches
the blank. A sheet of graph pnper was placed
on the X-Y rccordcer, the power supply to the
recorder wns switched on nnd the graph paper
positioncd in nlacc by the help of markers. The
required scale was sclected on the selection

switches.
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mpning the drowing Oncrnation

ity the soct-un rondy for the draving
onorrition, the requirced clamping force for
the snecivmen blonk was nmnliecd through the
clamping plate ~nd the clamping force adjusted
from the primary pressure control gnugc,
Since the clamping force required ~ll through
the cxperiment wns lcss than 30kN only the
primary clamping nressure gnuge wns used, The
punch spced was then set at the speed control
valve (Plate II) and the drawing oneration
commenced with the nctuation of » push button,
Another nush hutten stons the nunch moverent
ond yet r~nother scnds it down, thus making it
possible to draw to nny depth rcquired. The
punch lond apgainst punch travel or cup denth
curve was recordec o the groph panper 2s the

operntion procececs,

Partinl cups of various <Zepths were
nrocduced, For gnlvanised mild steel and brass,
partinl cups »f depths 10mm, 20mMm And 29mm were
drnwn wvhile for aluminum nartial cups of depths
10mm, 20mm nnd 27mn were drawn, Full drawn

cups were also nroduced for gnach metnl type,
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Bach of the five minehes werec usced in turn, to
produce nartigl enps froun the Aifferent metnls,
Fortinl cuns degner than 78mm for golvanisged
mild steel and brass, nd 27mm for aluminum

developed wrinklics.

The flange diameters of the partinl cuns
were meansured with n steel rule and recorded,
The percentage edge nmull-in wns determined
from the defercence between the initinl blank
dinmeter nnd the final flange dinmeter divided

by the initial blank diameter,

The cups were then cut longitucdinal into
two helfs nlong » marked dicmeter as in Tlnte
VII using 2 band snwe The thickness variation
slong the cu» vwns mensurer on the nmarks, using
the nmicroneter serew gnuge with n conicenl
attachiment ~»s in Tlate IV, From the recorded
data ot fron snch measurenents pranhs of
percentage thickness strains werc plotted
agninst the initial Adiameter of clements on

the blank.
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Drowing Tarameters
A ¢rawing speed of 2Cmn/scc. was used in

all Zrawing operations., This is below the

maximum speed 2f 35mm/scc. recommended by

Hawtin (1969). A clamping pressure of 1.26N/mm?

of blank contact arca wns adaonted ns it wes

found to he the minimum pressure reguired to

suppress wrinkling in brass nand gnlvanised

mild stecl. Aluminum requirced very little

clamping pressure. A blank size of 106mm

dismeter was used for galveniscd mild steel

and brnss, while nluminun blan%: sizec wes 10Cmm

in diameter. Lubrication £ the blanks, showed

little effect on thc munch load and as such

the experiments wore conductes without

lubricnnts. Tabic 1 shows tlhic cffcet of an

oil 8,4.E 40, ~n thc mnximum punch load for

the three mnterinls used with a punch profile

radius »f Smm, Both gides of the blanks were

lubricnter,






Table 13 Bffcet of Lubricnatiom o Maximmm Punch Lond

Maximum ‘nyximum
= Binnk Bleank Punch Load Punch Load
Materinl ..o kness Size ith Jithout
Lubricant Lubricant
Galvanized
Mild Steel 1.2mm 106mm S55IIN 56KN
Brass 1nm 106mm 47.5KN 48KN
Alurminum 1.5mm 100mm 20KN 20KN
4,2 Yrinkling »f Cups

4,3

Wrinkling of cups occures? with clamping
pressures helow 1.2N/me? and at cup repths of
nver 30mm £nr brase on’ polvanize?d mild steel,
Srme wrinkling oppenred nt depth beyond 27mm
for aluminiuam cups, Plate VIII shows partial

cups vwith wrinkles.

garing of Cun Flanges

Baring refers to the non-uniform edpge
pull-in of cup finnges due to the varying
strength gqunlities »f the sheet metal in
different directions, Earing was noticed on
brass nnd gnlvanized mild steel cups. Aluminun
exhibited very little caring. For all the

threc mntcrinls, it was obscrved that the
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the smaller the punch nrofile rading the rore
pronounced the ears, Four ears were generally
ohserved on cup flanges uneven and multiple
eering vas ohserved on the full drawn cups

gue te the wrinkling at the cup edges as in

Plate X.

Stress-Strain Characteristic Curves

The stress-~strain characteristic curves
for brass, galvanized mild steel and aluminum
presented in Figure (2.1), were produced fron
tensile test on sheet metal specimen of 12mm
wide and 50mm gauge length, The specimens
were cut out from sheet blanks with a hand
gullotine and filed to size, The curves
reveal thnat brass and gelvanized mild stecl
vork-ordened gnd strained more than aluminum,
Gaelvanized mild stcel exhibited a higher
yield cnd tensile stressces than brass and
aluminum. Aluninum shows from the curves to
have the least tensile and yield stress, The

spced of testing was nbout 0,5mm/scc.

Effecct of Punch Frofile on the Punch Load

Versus Yunch Travel Curves

The relations between punch load and

punch travel for the various punch profiles,









for Lthe three materinlsg nre oresented in figures
(4.1), 72.2) one {4.3). The norc generous the
nmanch nrofitce radius, the vore gradunl is the
risc of th¢ punch lond an? the longer is the
punch trnvel, he maxioum punch lond almost
unaffceted hy the punch nrofile radius. Smooth
curves werce obhtaincd for nll profiles and
materinls but for a few cnses in the curves in
Figure (4.2). The diffecrences in these curves
may be attributcd to ironing of wrinkles
arising from improper cntering of the mnterinl
duc to improper centralisntion of the blenk,
Figure (4,3) for aluminum shows some dis
discontinuity in the curves for 15mm and 18mm
rodii., The cups fractured nt these profile
radii bdefore they were fully drawn., Smaller
blank sizcs of 98mm nnd 96mm diometer were used
beforc suzeossful drows verce rccorded for the
15mm nnd 18mm profile radii respectively, &
corrcsnonding decrease in maximum punch load

to 191U for the 415mm rndii punch (i.e. 968mn
dismeter blank) ~nd 17Kl for the 18mm radius

punch (i.e. 96mm dinmcter blnank) was reco;ded.

The Figure (4.4) shows the punch load

versits punch travel curves obtained for
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grlvonized mild stoel of thickness 1.3mm, using

punch r~ius Snx 2127 1%5mm, Higher puanch londs

]
»d

3

A longer nunch trrvels than 1.2mm thick blank

of sanme m terinrl is noted from the curves,

Relation Between Zdge Pull-in and Punch Load/
Punch Profile Radius

The grapias of the variation of punch load
with edge null-in for the various punch profiles
are showvn in figures (4.5), (4.7) and (4.9); for
brass, galvanized mild steel and aluminum
respectively, All three curves show a direct
relntion between the edge pull-in and the punch

lond, irresnecctive of the nunch profile radius,

Figurce (4.5), {4.8) rnd (4.10) show the
veriation »f thc c¢dlre nmull=in with punch
profilc nt verious strges of the drawing
operation., The 27w¢ pull-in decreases with
incrensed punch radius nt cench stage, and as
the drawing oneration progresses, the slope

of the curves incrensecs.

Funch Profile Bffect on thc Progression of

Thickncss Strains

Figurcs (4.11) to (4.22) show the thickness

strains variation at four depths of draw for
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orass, g~lvanized mild steel (g15), nnd aluminume
One neek only is cpperent fren thw curves, The
me e penerozs thie manck profile racdius the
cloger is ti neck to the contre »f the cup.

The first two stages of draw shown in TFigures
(4.11).7nd (4.12) for brass, (4.15) and (4.18)
for gnlvanized mild steel, and (4.18) an? (4.20)
for nluminium, highlight this fact. At the
initinl stages »f the drawing operation, necking
was more pronounced with punches of larger
profile radii. 4t a cup depth of 20mm, necking
became more nroncmnced with the smaller punch
profile radii of 3mm And 5mm, as shown in
Figures (4.14), (4.*9) an” (4.21). Excessive
necking is noticed vith aluminunm partinl cups

at n depth of 20mm ~n? for the preofile radii
15mm an’ 18mm. 4 much ns 5C nercent thinning
is recordc” for the 1Cmm radius neck., a4t a
depth »7f “7mn, the 10nm and 15mm radius cups

have failed by fracturing at the necks,

Thinning nt the basc of the cups increnscd
as the drav depth increased. The more generous
the punch profile, the nmore the thinning ot the
cup basc. “owcver, far punch of profilc radius

Smm, mnde of polished stainless steel thinning






%18 TOve proaamece” thnon, for the 45mm
radius nunch, as in Figure (4.14) and (4.18),
aluminum 4id not thin ~t tie bese for »ll radii

end denths - Figurcs (4.19) to (<4.28).

Thickening of the cup flanges are virtually
absent up till a deonth of 27mm for aluminum, and
2%mm for bhrass and galvanized mild steel,
Pronounce’d thickening can be scen to have occured
on the upper hnlf of the fully drawn cup's walls,
Genernlly, the thickening of the cup walls are
independent »f the punch profile radius but
for scme discrepancies in the galvanized mild

stecl and sluminum cups,

With n 1.5mm thick blenk of galvanized mild
steel, sec~n? neck is notel in Figure (4.25),
Also, thinning at the bnse of the cups increased
slightly -it® the Smm racdius nunch as shown in

Figures (4.23), (%.24), (4.25) an? (4.26).
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The wrinkling of the cups could be atributed
to the large die profile radius leading to the
early removal of the influence of the clamping
plate from the cun finnge. Also, the rather large
clearance of nbout 150 percent of hlank thiclkness
ns wes the case with the brass specimen, could

contribute to the wrinkling at the top of the cups.

Cuns producel with punches of generous radii
were deencr than thase nroduced with smaller
profile r~dii, due te the pronouncerd stretching
of the cuns nt the basc »n” nrofilc radius for cups
of large profile radius and as such more material
was available to be racdinlly drawn. Cups drawn by
punches of smeller ratii di2 not streteh much and

thus shallower cups only could be produced.

The earing of the cup flanges points to the
anisotropy in the mnterials, with gonlvanized wmild
stcel exhibiting higher degrec of anisotropy.
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5.12 Funch Load Versns Punch Travel Jurves

5.13

.

Tae rel-tion Zetween ounch lond and nunch
travel shows smocth curves with the load rising
to a maximuim An then falling to zero as the
punch advances to form o cup. The punch profile
radius has littie effect on the naximum punch
load, However, the less generous the punch
profile, the earlier the nnximum lond is

attained,

The differcnces noted an curves in Figure
(4.2) for gnlvanized mild stecl could be
attribute? to the ironing of wrinkles caused
by the lorge “ie profile radiuns or the poor

cenditions.

¢ Pull~in Yersus Punch Load/Punch Profile

The ~mouat of cize pull-in for cach
material inercasce? with the punch load in a
linenar manner irrespective of the nunch nrofile,
up to about the maximum punch load., The smaller
the punch profile radius the carlier the maximum
puncih loncd is nttained and the less the amount
of edge pull-in ot which the maximum punch load
is attained., This may be nttributed to the



small ammant of etrotehing at the prefile and
cur basa ~f cups drawn with the smailer nrofile
radiuvs, tmis allcwins the material to drav in
more and attain to nnxioum load earlier than

the large profiled punches,

5.14 Thickness Strains

The absence of the second neck in the
nrofile of the drawn cups couls be due to the
accurancy nf the measuring device, Morecover,
meesuremcnts werce not made at very closc
intervals and as such, the secend neck may
have heern omitted, The measuring device was

not adeguate for » very close measurement,

The deviations in tie cup wall thickness
strains for various nunch profiles may be due
to the wrinkling at thic top of the cup wall
and aconracy of thc measuring device. The
proncunced thinning at the base of the hrass
and galvanized milid steel cuns with the Smm
radiused punch may he duc to the punch material
and surface conditions. Hawtin (1969) repnorted
& possible tool material cffect on the thick-
ness strrins at the base of drawn cups. The

frictional conditions which differ betwecn
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meterinsls ney also coatribute to this, since

the aighly nnlisghed tool steel uscd in the

S rodinsed puencli, reduces friction end nllows
for -otter flow of the materisl thus wmcking the
cup to thin at the bnsc, Aluminum with a
higher coefficicnt of friction, did not show
this thinning tendency ns shown in Figure(4.23).

Tinning of the cup walls wns abscnt due

to the low clamping londs used.

Conclusions

1. The maximum ovailable depth of the drawn
cup is detcrmined by the punch profile,
the lnprger the prefile radius, the deceper

the cun,

2. The punch profile radius wns found to have
little effecect on the value of the maximum
punc lond bHbut » generous curvature delayed

the point at which this maximum occurred.

3. Th¢ punch profile has little influence on
the thickness of the cup wnlls but is the
nrimary factor in determining the changes

£ thickness in rnd around the basc of the

cup.
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10,
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~he drawnbility of nluninuem is denendent
on the nunch profile rndius; vith nll

other f-ctors remaining the snme,

he amount of edge pull-in nt any depth
is denendent on the punch nrofile radiusg
the cdge pull-in increasing as the punch

profile radius decrenscs,

Thicker blnanks of same mnterinl require

greater nunch loand,

The smnller the blank diameter, the less

the punch load.

High tensilc strength and ductility in
mrterinls mnde for better drawnbility but

high punch londs ~re requircd.

The energy requirenents for a draving
operation is virtunlly independent of the
punch profile but is determined hy the

tensile propertics of the materinl,

Cne neck only was observed on the thickness
strnin curves, The more generous the punch
profile radius, the closcr is the neck to

the centre of the cup.
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mhe ernerimentsl results obtnined from
+uis work corrclate closcly with results
poportcs by ~~rlier workers on deep
drawing ¢ sheet metals. tMhere
discrennncies occurred, they were mostly
duc to the coxperimental conditions nnd

errors in measurement,

The 400KN sheet metal testing nachine
was successfully commissioned and put

to usea

5.3 Recomnmendations

1.

Ze

‘71ith hetter blank preparation materinls,
investignations into the effect of drawing
patic on munch load and thickness strains

cotld be enrricd out.

me effeet of the die profile radius on
punch lond nnd thickness strains could be
studicd wherc nore Cicsg with varying

profile radii are produced.

The ironing cffect on punch lond and
thickness strnina could be investignted,

wvith recuced radinl clearance.
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mha lnbpric’ty of vericus lubricants e
oy s,
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¢ investirsnted oy doternining their cffcet

4n the Arauvaisility of the metnl.
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