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Exercise2

We needto reducethe copperwire with ~ — 2en~-~ 2en0025 —- 1.8326. The efficiency
Df 0.010

of the proccssis 77 0.75 (O33~kh -t 0.683) and we would like ud =O.60Y.S. (yield stress),
whereY.S.~Y (r& 0, no work hardening).This gives0d ~ and for maximumreduction

‘1
we areaskedto take: ~7d O.6Y, from which weconcludethat:

0.6O~j for eachpass.

0.60 x (0.333~h* + 0683)x 0.75
0.60 x 0.75 x 0.683

— 0.3615
1—0.60x 0.75 x0.333

Eachpassis going to haveamaximumstrainof 0.3615. Thuswe will need~ 5.07, i.e.,
6 passes

.

Exercise4

1. From notes,with ~ Y (nohardening).

1 _ D
0 2x10 4

Pc~ en—~ Df 0.5 1

and
Pe= 55.45ksi

2. The material is plasticallyflowing, thusyielding implies that at thedie entrance1the
following condition must be satisfied:

I — Oax~a~I Y (1)

But
0a~ia~ Peruswn and 0r Plateral, frozn~vhich

~I~extrusion ±~lateral I
i.e., Y — Piaterai (theother solutionwith different signs of I will give a higher
lateralpressure)

from which we calculatethat Piat~i = Fe — Y = 55.45— 10 45.45 ksi.
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Figure 1: Slabanalysisfor planestraindrawing (Example5).

3. Let us assumethat thedie is a thin-wall tube. For thin tubesunderinternalpressure
(here the lateralpressure),we have: o~ = 0, 0e = and o~ = ~. Using von Mises
yield criterion, wecanwrite that yield of the die occurswhen &VM = Ydie:

1 /2,x2~2
0VM = ________________________

\/~PLateraL 1 — \/~P~aterai T
UVM — — and UVM = Ydie ~ irnin =

2 t 2Ydje

and

tmin = v’~X45.45X2 = 0.787in

Remark: This is not exactlya thin-wall tube!

Exercise5

We needto determinethe drawingstressto achievethedesireddeformationandto dosowe
haveto use the slabanalysismethod(the derivation~isgiven hereasa review of what was
donein class):

Balanceof forces in thex-direction:

(u.~. + dug)w (t + dt) — u~wt±2 (P sin&) wdl+2 (~tP cos&) wdl = 0

cos&
-+ a~dt±tdu~+ Pdt+ p~P—--—dt= 0 (neglectdc~ x dt)

sin&

—t fu~±P(i±B)]dt±tdo~= 0(1), with B =Hcota

9,
I ~
I

~‘f4z~f4
I
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For planestrain drawing, the von Misescriterion gives —> o~ ±P = ~ (from equilibrium

equ. in they axiswe approximateU!, = —F). Then, p = 2Y — a’~ and equ. (1) becomes:

which gives: o~ -~ (1+B) — tdt ~ —o..x~s

0j.
This is theslabequilibriumequationin thex-axis. We haveto integrateit to getthedrawing
stresscYd:

do% _ 1 d (2~~) —1) _ ~ (en ( ~/~BOr~ _ ~ =~i=d(ent)
B~—~(1±B) B (v’~&r~) i) B k~2Y(1±B)

Beforedeformation,t = ti,, o,, = 0.

At end of deformation:t = t~, o~ = O~j.

en v/~Bcid(_______ —1 =en—=Eh
(1+ B)

So, V~iBUd _ 1 =2Y(1+B)

This stressis appliedat theexit of the die, so thepowercanbecalculatedasfollows:

P = (Wtfcld) x (speed)

Pwt (1 +B) (~ — eBEh) x
~ B speed

with B = ,~tcot& = 0.427,~ = enL — 0.223.tf
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So, 172~= 876,000lbfft/min = 175,000lbf in/sj

Exercise6

Again we use the slab analysismethod for a cylindrical billet in open die forging. Based
on the resultsgiven in your text, theaveragepressurein thedie/workpieceinterfacecanbe
approximatedas follows:

Pave — Y[1 ± (2)3h
where, D is thediameterat height h andY is theyield stressof the materialat height h.

From conservationof volume, we can write: D~h0 = D
2h or D2h = 12 1 in2 = 1 in2,or

D = 1 — 1 wherer is the percentageof height reduction, i.e. r = =1—h.

For an axisymmetricforging, the equivalentstressis (in absolutevalue) equalto the axial
strain (~h)~ while theyield stressfor a materialobeying6 = K~7~ is given as:

1
Yield stress= = K(en )fl (3)

1—r

Finally, theforce canbe calculatedasfollows:

irD2 gD irD2 1 _____

or finally:

F=K(en 1 I ± (5)

Based on the aboveformula and dataand for different pt, one can calculatethe reduc-
tion/forcedataand thecorrespondingplots.
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R.4a.. Force lb Force lb Ferine
No friction mu=O.2 iuWinOA

10.00 11908.35787 12838.17352 1 3767.9&G1S
20.00 20090.64522 21962.48058 3

36312.53861I30.00 29578.59171 32945.56114
40.00 41895.20514 47904.61373 53014.42231
I50.00 59282.18726 .70460.51992

86166.15621 108860.2969
81638.87258

60.00 131564.4376
70.00 133125.1403 1 871 38.7273 241 14R.314~
75.00 172389.2839 284330.2353 356271.1666

Force Vs Reduction in Height
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Exercise7

1. For axially symmetricproblemswe assumethat or = tTO. Here, o~,. = = —p, where

p is the pressurein thedie/workpieceintefface.

With substitutionto thevon-Misescriterion, wehave:

OVM =

OVM = t7z±P —>u~-i-p=Y

FIGURE Stressosactingonanelementin drawingof asoikicylindricalredorwire
througha conical convergingdie.

In drawing, friction increasesthe drawingforce, becausework hasto be suppliedto over-
comethat friction. Using theslab methodof analysisandon the basisof Fig. , weequate
theforcesin the horizontaldirectionas follows:

IT ___ lTD dx
(r~~ + de~~) ~ (D + dD)2 — r~ D2 + ~ irE) dxsina + pp cosa = 0.

4 4 cosa cosa

Simplifying andignoring thesecond-orderterms,weobtain

Dd~7~ + 2cr4D + 2p(1 + dD = 0.
tan a/

Note that wehavetwo unknowns(o~ andp) butonly oneequation.We obtain the second
equationfrom yield criteria, recognizingthat this is an axisymmetriccaseandthat both the
maximum shear-stressandthedistortion-energycriteriongive therelationship

‘lx + P = Y.

Lettinga/tana B andusingthe aboverelationships,wenow obtain

dD _ dcr

,

D 2Bo~~ — 2Y(1 +

Integratingthisequationbetweenthelimits DfandD
0—andby notingthatatD = D0, o~ = 0,

andat D Df, ‘lx (rd—yields

= Y1+B[i — (nI)2B] = [ (A)B]

+ —



3. Equ. * abovecanbewritten in termsof ~ asfollows:

4. TheexponentialerBEh = 1 BE~ + —.... Sowe canwnte:
2

1+B _ ~1+B [1(IB B2e~)J (7)
[1 &8~]~‘ld=Y B B 2

or B2e2 Be~

t7d=Y [Beh— ~ ±...)]=Y(1±B)k~— +.. (8)
B 2 2

andfor zerofriction, B = ~Acotcx= 0, we have:

0e2
t7d=Y(1+0)kh—-—+...)]=Yeh (9)

2

which is the resultobtainedwith theidealwork method.

5. Integratingthe equilibrium equationfrom theentry regionto the locationx gives the
following:

JD=f? j 2Bg~—2Y(1 (10)

which finally resultsin thefollowing:

1+B ,Ao~Bl

where ~ = 14p2.

From theyield conditionand theaboveequationweconcludethat:

= — = — ~,1+B ,A
0~81 ~ 1±B _ (Ao~B)] (12)

B — — B (1 A

or usingl’Jiospital’s theorem:

1~eBtn AQ £nAoefBtnAA~
p=Y[1—(1±B) ]=(asB—+0)Y[1—(1+B) A ] (13)

B 1

or

p = Y[1 —(1+ ~ — A_ (14)~n~e — A

-8-



Exercise8

Let us considera planestraindrawingoperationof a powerlaw ~ = KEY’ type of material.

The yield conditionfor planestrain is the following:

2
o~ + p = —Yield Stress (15)

This equationis valid at any point insidethe deformationzone.

Recall thatin classto derivethemaximumreductionweusedtheaboveequationat theexit
point (‘ld = ‘Tz), i.e.

2
Od + PIat the exit point = Yield Stressat theexit (16)

togetherwith p =0 to statethat for maximumreuctionthe following condition shouldbe
takenplace:

2
Od < Yield Stressat theexit (17)

From equation(15) and (16), we now concludethat for conditionsof maximumreduction,

Pat the exit point 0

Exercise9

This problemwassolvedin class!!!

~~.19~


