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Exercise 2

Wmmﬂmﬂwr%n%—:%ﬁl‘%—m 1.8326. The efficiency
of the process is 7 = 0.75 (0.333¢5, + 0.683) and we would like o4 < 0.60Y.S. (yield stress),

where Y.S.=Y (n = 0, no work hardening). This gives o4 = ’_’—;_h and for maximum reduction
we are asked to take: o4 = 0.6Y, from which we conclude that:

ep» = 0.607 for each pass.

Cpy = 0.60 x (0.3336},: + 0683) x 0.75

0.60 x 0.75 x 0.683
T T 7060 x 075 %0333 03619

Each pass is going to have a maximum strain of 0.3615. Thus we will need é;;—%fg = 5.07, i.e.,

6 passes |.

Exercise 4

1. From notes, with @ =Y (no hardening).

and

| P. = 55.45 ksi|

2. The material is plastically flowing, thus yielding implies that at the die entrance, the
following condition must be satisfied:

IUr - Uaa:mll =Y (1)
But o azial — —Pextrusion and Or = —Platerals from™which
Y = | = Poxtrusion + P laterall

i.e., Y = P, — Pgieral (the other solution with different signs of | | will give a higher
lateral pressure)

from which we calculate that Piyierqt = P, — Y = 55.45 — 10 = 45.45 kst.
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Figure 1: Slab analysis for plane strain drawing (Example 5).

3. Let us assume that the die is a thin-wall tube. For thin tubes under internal pressure
(here the lateral pressure), we have: o, = 0,09 = & and o, = . Using von Mises
yield criterion, we can write that yield of the die occurs when Gvy = Ygie:

Ovm = %\/(Ur - 00)2 + (00 - 02)2 + (az - UT)Z

ﬁplateral T and-5 _ v ., _ \/gplateral T
2 t UvM fdie 7 min 2Yd]e

advm

and

tmin = Y3XAS6X2 — 0.787 in

Remark: This is not exactly a thin-wall tube!
Exercise 5

We need to determine the drawing stress to achieve the desired deformation and to do so we
have to use the slab analysis method (the derivation<is given here as a review of what was
done in class):

/

Balance of forces in the z-direction:

(05 + dog) w (t + dt) — o,wt + 2 (P sina) wdl + 2 (4P cosa) wdl =0

) FL e

T - :‘1} — 0.dt + tdo, + Pdt + pP

x
< il |
O 40 — [0z + P (1 + B)ldt + tdo, = 0(1), with B = pcota

=0 lect do, x dt
— dt (neglect do, x dt)
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For plane strain drawing, the von Mises criterion gives = o, + P = % (from equilibrium

equ. in the y axis we approximate o, = —P). Then, P = % — o, and equ. (1) becomes:

{—Baz + % (1+ B)] dt + tdo, =0 t ("f:_\

{ree body Liepca )
which gives: | 55— =% ( for g\ R x J |
T 9 - QKNS

This is the slab equilibrium equation in the z-axis. We have to integrate it to get the drawing
stress oq:

d v3Bog -1
dog _L(mw_) —}_d(gn(__&__l)):%t-:d(fnt)

Baz—-zl(1+B)_§(_>@_B_0z__ﬂ "~ B 2Y (1+ B)

V3 2Y (1+ BY

Before deformation, t = t,,0; = 0.

At end of deformation: ¢ = ty, 0, = 0.

—>-}3- [En(—l) _tn (2—‘[}*3% - 1)] =t =a

3B _ -B
So, e — 1= — B

Finally, |og = ZLU4E) (1 — g=Fen)

=

This stress is applied at the exit of the die, so the power can be calculated as follows:

P = (wtfoq) X (speed)

1
P = Wtf—'z,\i( +r B) (1 - e'B‘h) x speed
v3 B

with B = pcota = 0.427,¢;, = En%;- = 0.223.



So, | P = 876,000 Ibf ft/min = 175, 000 Ibf in/s

Exercise 6

Again we use the slab analysis method for a cylindrical billet in open die forging. Based
on the results given in your text, the average pressure in the die/workpiece interface can be
approximated as follows:

uD
ave:Y1 1 2
p [1+35] (2)

where, D is the diameter at height h and Y is the yield stress of the material at height h.

From conservation of volume, we can write: D2h, = D?h or D?h = 12 1 in? = 1 in?, or
D= ﬁ = \/%, where 7 is the percentage of height reduction, i.e. 7 = L‘-ﬁﬁ =1-h

For an axisymmetric forging, the equivalent stress is (in absolute value) equal to the axial
strain (e;), while the yield stress for a material obeying & = K€ is given as:

Yield stress = K¢}, = K(En1 L 7‘)" (3)

Finally, the force can be calculated as follows:

7 D? uD 7 D? 1 v
F = pope— =Y[1 + —]— = —= 7 r i 4
Pave—= =YL+ G = Ky " B 5y 4 )
or finally:
1 1 ) m
F=K n al
(Enllr) [1 -7 + 3(1—r)5/2] 4 (5)
<

Based on the above formula and data and for different u, one can calculate the reduc-
tion/force data and the corresponding plots.



Force (Ib)

Redustion Force (Ib) Force (Ib) Force (W) |
r% No friction mu=02 | mu=id

: 10.00 11908.35787 | 12838.17352 | 13767.558018 |
20.00 | .20090.64522 | 21962.48058 | 23834.31593

30.00 | _29578.59171 | 32945.56114 | 36312.530867
40.00 41805.20614 | 47904.81373 | 53014.42231
50.00 59282.16726 | _70460.51992 | 81638.87258
€0.00 86156.15621 | _108860.2969 | _131564.4376
70.00 133125.1403 | _187136.7273 | _241148,3142
75.60 172389.2839 | 264330.2353 | 356271.1868

Force Vs Reduction in Height

Reduction %

‘—';""" Flimu= 0.4)



Exercise 7

= gg = — here
1. For axially symmetric problems we assume that o, = 0. Here, o, = 0y D, W

p is the pressure in the die/workpiece interface.

With substitution to the von-Mises criterion, we have:

ovM = '\‘}5\/(701’ - 00)2 + (o9 — am)z + (0 — Ur)2

Ovm = Oz+DP —)ax-i-pZY

(D+dD)
Do al’ + “l

AMNNNNSN

\
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FIGURE ~ - Swesses acting on an elament in drawing of a solid cylindrical rod o wire
theough a conical converging die.

In drawing, friction increases the drawing force, because work has to be supplied to over-
come that friction. Using the slab method of analysis and on the basis of Fig. ., weequate
the forces in the horizontal direction as follows:

m " 7D dx D
o’x+d0'x - D+dD2— —D2+ =0.
( )4( ) Ox 3 p———-*scosa ma + up cosa Cos@ 0

Simplifying and ignoring the second-order terms, we obtain
Ddo, + 20.dD + 2p<1 + L) dD = Q.
tan o

Note that we have two unknowns (o« and p) but only one equation. We obtain the second
equation from vyield criteria, recognizing that this is an axisymmetric case and that both the
maximum shear-stress and the distortion-energy criterion give the relationship

o, tp=Y.

zem'ng p/tan @ = B and using the above relationships, we now obtain
db_ do—
D  2Bo.-2Y(1 + B)

Integrating this equation between the limits Dyand D ;—and by noting thatat D = D, oy =0, -
andat D = Dy, o, = g,—yields

2B ) o
ad=y1+3[l_(2[)} - .1+ B] Ar\E
? De ce=Y=g— 1" \a
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3. Equ. * above can be written in terms of ¢, as follows:

1+B
0a= Y=L (1 - 5] 6)
4. The exponential e 2% =1 — Be, + E;:i —.... So we can write:

1+ 8B 1+ B B2

4= Y:t:[l e B =Y-T201 _ (1- Bey + 2l (7)
B 2
> 1+B,_ B B
+
oa=Y [Be, — 2"+...)]=Y(1+B)[e,.—-—2—5+...)] (8)
and for zero friction, B = pcota = 0, we have:
(114

oca=Y(1+ 0)[6;; - — +.. )] =Ye (9)

2
which is the result obtained with the ideal work method.

5. Integrating the equilibrium equation from the entry region to the location z gives the
following:

P i‘lz [ __d_o_w_ (10)
p., D~ Jo 2Bo,—2Y(1+ B)
which finally results in the following:
1+ B
or=YEE D (fo)5) (1)
B
where 4. = D3,
From the yield condition and the above equation we conclude that:
1+B = 1 + B
p=Y -0 =Y - ¥ P (Lo yp 2 (oEy) )
or using ’Hospital’s theorem:
1— —Btn“e ¢ A, —Bb‘A"
p=Y[l— (1+B)——f—l—3———i] (as B — 0) Y[1—(1+B)1--51———-] (13)
or
A, o
p=Y[1 (1 +0)tn’ e %] = y]1 - Zn%] (14)

_8,.



Exercise 8

Let us consider a plane strain drawing operation of a power law & = K€" type of material.

The yield condition for plane strain is the following:

2
Oy + P= —J_gYield Stress (15)

This equation is valid at any point inside the deformation zone.

Recall that in class to derive the maximum reduction we used the above equation at the exit
point (o4 = 02), i.e.

2
04 + Plat the exit point = %Yield Stress at the exit (16)

together with p > 0 to state that for maximum reuction the following condition should be
taken place:

2
o4 < —=Yield Stress at the exit (a7

V3

From equation (15) and (16), we now conclude that for conditions of maximum reduction ,
Pat the exit point = 0

Exercise 9

This problem was solved in class!!!



