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gieul Bg Bilieh bR dle met temp., ram velocity and lubricant,
or design as punch shupe, Or process as strain rates induced.

Empiricel and theoretical equations glving the relatlons between
these perameters oand the pressure after different investigators

are given,.

e

In chaper 2, some of the equations given in chapter 1
are modifled to suite the plercing process under consider—
ation, Also a solutlion using the slab method giving the press-~
ure, and o propoged asnalytical procedure to attaln the same aim
ia glven. Opltmization of Avitzur's pressure eguation given
in thc previous chapter is :.1lso contained in this one to obtain
the optimum dead metal zone angle.

Chapter 3 18 devoted for the description of the exper—
imentul rig, technique gpdopted und the plan of experiment.
Method of memsuring the different c¢xtrueion parumeters is also
given.  Desipn of the sub=-press und, presaure load cell und rem

de:cend tronsducer 1o givenin amppendiceslI,Il,III respecively.

In chapter 4, the experincntal results und discusalion are
siven. The presaure versus rem deccwnd for differcnt billet
temperntures cxperimentully oblulne. are compared with the corr-

coponalng theoreticel values folwd Trom equations Ziven in
chapte: s 1 pnd 26 Thne proccun oot wn condltions, the micro-
structure und hordness aercuy o orev.oclonsl plene has wlseo
beoen it ventipoted,

Ti~ lest chapter of thls thesic, chupter 5, is cevoted

for conclusions drawn out of the vwori,

In enerul, corpurlsen between cctunl extrusion pressures
ungd pressure calcaicted from treoreticzl approaches showed

004 u,rcenents

Using a kinematically wdwissibic veloelty fleld, 1t was
pousible to predict the instantuneous positiona <f wny point
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CHAFPTER 1

LITEKATUHE ReVILy

3ince the process-gs mentioned in the introduction - Jg
an inverted plercin,; process, the purameters affecting the

Production of pistons by this technique may be expeotdd to bey
1- deformation ratlo,

2- ram speed.

3~ dead metal zone angle { &« ) (or punch geometry),
4~ initial blllet temperat ure,

5- hot shortness temperature,

6= type of lubricant.

Anglysing this techinique theoretically, the new procedure
of vieioplasticity introduced by Themsen has impogsed ftself as
8 vuccesufull means of 8tudying the effect of different pura-

meters of extrusion.

l,1- peformution Kutio

Pearson [1], secms to hive Leen the Tirgt to derive un
exp:rcasion relating the deformution ratio to the extrusion
pressures. Ho reciurked that, when plotting the extrusjon pregg=-
tre - in a conventional dir.ct extrusion process - aguainast
the logarithm of the extrusion rctio (deformation ratio) g
strulght line relationship results,

Thus according to Pearoon, the extrusion preasure ls

slven bys
Pz=Y. lcgl{A A} {1.1)

where Y g the yleld strec of the taterial
& (AO/A) le the extrusion ratio ,
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2.

Almoat the sume result vas atteined at by Ashcroft (2).

tie found out that vhen the .aximun extrusion pressure (direct
extrusion) is plotted acninst the extrusion retio on a logar-
lthmle¢ seale for extrusion rutios > 4, the results realissed
the lincar reluationships
Pz a-ln (A/A) « b {1.2}

where a, b are eapirical constunta.

A represventution of the ewurly stage of beckward extrusion
proposed by Yung [3] , based on the concept of "unit rectan~
gular deforming reglon" proposed by Kudo, is given in Fig.(l-l),

According to this mouel, Ying ylves the minimum upper
bound plercing pressure P ot the initisl point of ram dis-
plucemsnt by the cquations

P 1-r¢ 7 r i (1.3)
—-z2( - —
7K ( . i+ 8(1 ) r)

R

wilere r =~.—"r'r""
hl
. Lo _ - T
& K = the shear yield giresc ¢f the .eterial ( = —éL )

Yung ctuted that, the cxperii~ntol reiults published
in 19%7 by PFukui, showed goca ugreeient with results celculasted
f.om his eguation (1.3).

snother upper~bound rerreuentation of the early stoge
of plereclng proposed by avituur [4) on basis of s spherical
veloelsy field vhich he proposed [4,5] - s given in Fig. 1-2.
In his enalreie, 4vitzur (197¢), wooinmes the equetion of the
rem pressure to be w function of proccess gecmetry; depth of
ram penctration and friction { indup.ndent variubles) and &

(dupendent vericble)s. The vquation nu derived is:
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O [ ——- Y3 . ¢ Ro a Ro
v3 1_“.\,'———5) } x{ () ln > ’_Tﬁ"'"s = - cotote COtOt-Lh-h—

f
/3, NP Y3 £u= (R /Rol‘
* - - f .

x cot e ))]

where m 18 & frictlon factor ranging from gero - in csse of
perfect lubricatlon = t0 1l ~ in case of uticking full frice
tion, and f(ox ) ls 8 correction factor,

—-—7,-—(1—coso< 1--_.5 2 =t in 1, YTWIZ
=K Y BRI /n ) VT i

(1.5)

The velue of (& ) whaich ives tne lowest ram presaure
for the chesen lndepencent veriubles both - mccording to
Avitzur - are &5 umned to the the zctunl ones prevuiling
under this giver gset of conditionus Zhis equation (Eq. 1.4)
ls solved uwuling 2 computer, tc find tiis optimum value of o
(L.e. mnpt)'

In explanation tc his eguaticn (bq.l 4) Avitzur states that
the ReHeSs of the eqguatlon dceocnistiutes the contribution of

the different proceos variublea ln exirusiong

1= {jqf“Xh“\EE Is the power roquired for internal

i

deformation.

2- .__1_.—C0tc<¢c ,Llﬂi% 1z the power cesslputed in overcoming
SmMa i{r

friction over surfaces q,rz&rz

3~ !§(|ﬁbgif)%; iz the power to overcome the external
(]

presgure p (uee ¥ig.-2) the importence of which 1s to
suppress vold formation during metal forming .
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5e

Y3 pit iR, /R
& 020, -(R/R, )
the velocdty of ueformit.or i & dcmeneting factor, l.e.
in high speed wctel foriing (e.ge impact extrusion). If
inertia is conulderva, increcsed deasity of the materisl
and faster ram velocitles both add to the rem pressure
requirements.

n R D 1
R,'Ei("ﬁ’i’(%_”mu” is the power %o

18 the puwer to overcome lnertia, when

overcome I»iction CVer Jdurieces Q &l%

Avitzur piotted the relationyhip between ﬂ?and ™« sccord-
ing to his equution, with tne T.sult of emphasizing the statment
he previously mentioned, nacel,.; @ Lu2 an optimum value below
end above wnich the plereciry; c:cooure increuses., And vihen plotied
Egalinsg RO/R1 Do demenstrotced thut Ky shows progressive in-
crease, the o¢f{-ct of . belr _hi1iting tne curve higher or lowar!

a8 M Incresseg 01 CcoCreaden.

A pgerneral 1.0k oo e uw.ticor: 1.1, 1.2 & 1.4 ahows that
en accurate cgtir. bt ol inc Tlow sivese O, will effect their

resul ta,

with thiec resrect Yang 13) totes thet for muteriela

genattive to ctroon roti. Joe. i) oo gleld stress zhould
be obiaired frem the -0 cuTve, W hlcn when plotted on a
log~log coole do onstrowel o pTosores lvely ihcrewascing linear

¥
relation hip.

ACCOTriifng, 10 i i), Ui Lvorsoos oIfictlve strein rate is

glven by:

3 ram pes | Ag
R St in [ 2 1.6)
» billet ler 5th "R } (

where AO/A = @3 lrus.on rotic.

* Ref, 5 puge 1L.1, Flgo. 5 & .
xx Ref, 3 page 3%9, Flio. 2-u.
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in no£.|5=l » Aviteur otatoo that, for o first approxie
mation for the extrusion stress, eguation (l.4) can be used
where the flow otress 0, is taken from tenslle test data,
that is, when the effective otrain in uniaxial tension ie

- RO
C% z 2 ln[—R-f‘)
For more accurate results, the avercge effective straln of

the product is computed using equztion (1.7 ).

B:toon o AMI3LUs w0t @] (g7,
tin IR, /R,}

Further on, Avitzur [5]) stotcs thut for o materisl
deformed ebove Liu recrystullizetion temperature, where no.
strain hardening con take pluce, the muterlal is very sengitive
to strain rates, «nd the flow otress can be expressed as:

G=735¢ (1.8)

where 8 and n ore copatuanty 5f the material that are detar—
mined experinuntall,. o 1o the £10w atress of the material
for unit atrain rte {irn/in/unit t.me) and n i3 the straln

rate sensltivit. of tns tlo. strica, Increased values of n
indlcates an Increase ln the atx.in rate gensitivity of the

material.

For an averapge value ol the Zlow stress, let ¢ in equ-
atlion (1.8) be repluce by & o -quation {1le9).

(% = 2lf( CA’J-(F"R"{J (1-9)
v R,
where V=7, v, i _ L (e 9, KRy &« sce Figale2)
T ROZB_L...___
3 {lecoc ) sin

——

x DTage 201, 202,
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¢ () belng defined by equatlon (1.5).

Chandra 16 ) , perhaps is the one that has first demon=
strited =quantitatively~ the dependence of U,on the strain
rate sensitivity. He developcd an expresslion for the mean
stroin rate, when the sirain rate sensitivity of the material
is considered, piven by the equation

L. oviitane . 2 o by gy
$ L U500 gt - (1.10)

- e

vhere VY, , D  , o & DL are shown in ¥ilg. 1.3 and n 1s the
gtraln rate genaitivity of the flow stress.

NOTE: it |ls to be noted that equutions 1.6, 1.9 & 1.10 are
for direct cxirusion processes. application to plercing,
though looks prcalusing, jet necds verification.

Chandru! co.pared results cbtained from his equation and
those obtained from enother e u.tion (kq. 1.:1) glven by
wilcox - in son.- previous paueT = wigre no cceoount is made
for straln rate scnsitivity., .he ccoparison ahowed that, for

an extrusion rutic (K) runging from 5 to leS,

5 - gg_\a.h?t-_-n.tcn B (1.11)

D, - {0 - zbLfor o)
the ratic &30/'1H jnsreasca I.om l.ozd to Yevo witn congeqguent
{neroi.se Lo the ruatic 61C/‘i1 from 1,904 to 1.58% , where
@jo end Gr‘ure obtalned oy wui.iviiation of tne correspondlng
value of & i oeguition Lle.o) tnd (1.11) into (1l.8).
However, Avitzur™ has gaowrn tnst, for wsound flow through

conicel converging dies, the upper Lound golution with aad

2 Rel. 6 page 2081, table l.
sz Ref. 4 puse lwwO (firat cola.n, iast puragraph)e.
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9.

without taking strain hardening lnto accouat differed only
by 1-2%.

1.2 Ben Speed

The extrusion procese is eipnificantly affected in
several ways by the apeed at which 1t is conducted.

In experiments made by Pearson [1l] on lesd, he found
that to bring sbout a tenfold increase in speed, the pressure
hes to be lncremsed as follows:
at 17°C by 36 percent : at 100°C by 44 percentti
at 166°C by 50 percent: and ai 325°C by 55 percent.

Yet, when extruding brass under teéhnical conditions, at diff-
erent rates, Pearson found thut the matter 1s complicated by

a foctor, namely the coolin: of tne billet, the extent of which
is greater the loweT the rate of extrusion and the hotter the
billet in relation to the presjure contalner.

At low rates the extrusion pres.sure was found to rise a8 8
result of the increasing stiffness of tné coolling metal.

An empirical relationship desuced from experinental data
by Pearson (1] relates the opeed and pressure of extrusion ac

followas
V= p.PY (1.127

in wihlch a and b uare conawunis for the glven tenperuture.

According to Yang" , ip to recently, and apart from some
emplrical relationohips as aguntion {1.12), non of the researchers
heu been able to deduce o theoreticul relatlonship between ram
speed und cxtrusion pres3ure, it was yet posaible according to
Yang to introduce the effect of the Tum speed on the presuure

through eguation (1.10) end consuquently O equation (1.8).

o Kef. 3 Page 403 (first cola.n, fiiut paragruph),
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The only difference between thls equution and equation (1.4),

being that; what were shsar losges aslong filn (l.4) are fric-
tion losass in {(l.13).

Avitezur compared the ram pressure versus Ro/nz for fiat
and nosed rams, This result is given in Pig. 1=6,

Although it is not possible to write an explleit equation
for the optimum value of « as a functlion of the other processa
variables, 1ts valuse can be determined according to Avitzur
by optimization of equation (1.13).

1.4~ Inltial Billet FTemperature

A8 in the ram speed, the billet temperature hae much empli-
catlons on the extrusion procesa.

Perhaps, the first empirical relationship between the
maximum extrusion pressure P (direct extruslion) and initial
billet tempcrature, 1s that d: veloped by Shishokin®* (1929),
Bquation (1.14), who studlsd tie eXtrusion of lead, tin, cadmiurm,

bigmuth and galliumg

P o= x. 8T (1.14)

where x and ¥ are empirical constants.

Pearson [1) (1960), has corfirmed that the data obtained
in the extrusion of some alurinium alloys over the rang 300=-600°C,
at a ram apeed of 0.2 in/min., also satisfy this relationship.

However, the work of isncroft (2] , (1961) showed that
the extrusion pressure ls rclated to the initial billet temper-
ature not by an equation of the form glven in (1.14), but by

the relationship 13

2 Ref, 2 page 1l2.
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Pea-Cl (1.15)
where C and 4 are empiricsal constants. -
For the Al-Zn-lig-Cu alloy which he extruded from slugs with
initial temperature ranging from 20 to 400°C, st an extrusion
ratio of 10, the relationship was

P=T79~-0,137 7 (1.16)
Further experimentations made by Ashcroft investigating the
relianbility of his equation to other materials and different

extrusion conditions revealed that the C/4 ratic was approxi-
mately conatant.®

To investigate the dependence of the temperature rise

during extrusion on the initisl billet temperature, Ashcroft
extruded billets of the Al-Zn-ig-Cu alloy with thermocouples
embeded in. The temperature rise characteriatic, thus obaerved,
is shown in Fige 1-T. Ashoroft devided the temperature rise
obtained into three stages; a sudden initinl rise of the order
of 10°C due to slug deformation to fill the extruslon chumber,
followed by & lower raute lncrease as a result of heat beling
conducted back (direct extrusion) through the slug from the
deformation zone, Flnally is u more répid rise in temperature
as the thermocouple move:n into the deformation zone.

Chadwick [8) , (1962) vhose vork was done on direct ex-
trusion of non-{errous metals, demonstruted that the work done
in extrusion is not employed entirely in deforming the metal
at the die mouth (direct deformation work). A considerable
proportion of the applied pressure ls used up -according to
Chadwick - in forcing the ‘billet through the contaliner

(redundant viork)e

In the extrusion of copper, Chodwick puts the ratlc between
direct deformation to redundant work at about 1.3, and also he
gave the following two equationa to colculate the temperature

rise in boih cnsesy

2 Kef. 2 puge 12.
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Fig.1.6. Comparison of Ram Pressure Versus

Wall Thickness for Piercing with a Flat and
Nosed Ram.(After Avitzur [5])

120 |——rtp—-—-

80 | pasitien of die relative -
fo thermocoupie

temp. rige (*c}.

” .
eo 05 10 L5 20
time {sec)
Fig.1-7. Temperature Rise in Al.Zn.Mg-Cu
Alloy Extruded 1rcm VYarious lnitial
femperatures. Exirusion Ratio 25, vz

- 29 Ipm. (After Ashcrott (7] )
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Fig 1-8. Theoretical Temperature Riss in
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v 205 infyec. (After Chadwick [1])
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