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Cylindrical Forging
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Overview

Slab analysis

— frictionless

— with friction

— Rectangular

— Cylindrical

Strain hardening and rate effects
Flash

Redundant work
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Forging — cylindrical part
sliding region
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Equilibrium In r direction

ZdF,,:O:—a,,-h-r-d9—2-y-p-r-d9-dr

~2-0, .h-dr-d—f+(a,, +do,)-(r+dr)-h-do
N.B. Sin(dzgj:dzg

neglecting HOTs

2upr -dr+hog-dr—ho, -dr—hr-do, =0
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Axisymmetric flow and yield

For axisymmetric flow
dr 27(r+dr)-2mr _dr

E.=—; &)=
4 27r 7

By Tresca

| Ofiow/ 2 = Thiow
o, +p=0,,=2k=2t, a |
p\—/ o

do, =—dp

r
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Stress in z direction

substituting

Qupr-dr +ho,. -dr—ho,. -dr+hr-dp=0
or

2upr-dr =—hr-dp

rearranging

a’_p: Z’Udr

p h

Prof. Ramesh Singh, Notes by Dr.
Singh/ Dr. Colton




Forging pressure - sliding
k = Tflow:
Yield or flow stress, or = 2k = 214,

22-ﬂow R

dp _ (24
l;[?— ;‘:h dr

forr, <r<R _ _

p 2u
r — = R—
ZTﬂOW =P h ( r)
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Average forging pressure —
sliding

R R
p 1 p
e — L 2mr-dr = ex m’r
2Tﬂ0w ”(Rz - ’/;cz)rk 2Tﬂow o rk J‘ pl: :l
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Average forging pressure —
sliding

2o Ao (e )
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Average forging pressure —
all sliding approximation (r, = 0)

 Taking the first four terms of a Taylor’s
series expansion for the exponential
about 0 for |x[<1

exp(x):1+x+ > + » +---+g: m

yields

Pave _ 1+(2ﬂj

2T Tlow
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Forging force —
all sliding approximation

2
Fforging = Pave * A= Pave "7t R

— 2Tﬂ0w . (2#Rj . 7Z'R2
3h

F

forging
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Transition sticking / sliding

e Set 14, = up and solve for r,

P = exp 2/1(13;’%] — L:exp Zy(R_ij

1 R—r h 1
o L)oo R — rk:R——ln(—j
(2;1] ”( h j 26\ 24
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Forging pressure - sticking
region
» Use the same method as for sliding
* Substitute up = T4,
» Assume Tresca yield criterion

2upr -dr =—hr - dp
27 oyt - dr =—hr-dp

27
dp =— ZOW dr
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Forging pressure - sticking

region
- 2T
dp =—| —d
Jdp == =dr
P Tk
2T
p=p, == r=1)
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Forging pressure - sticking
region

P, determined from sliding equation

i oxpl 2 (R—7)

27 1 - h |
forO<r<r,

P gl 2 (R—r;)] 4 bi2?)
27 1 - h | h
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Average forging pressure -
sticking

p 1 2 ¢ | 2u il
Have _ = 2ar-dr=—||exp| ==(R—-7 )|+ - rdr
2Tﬂow sz _([pr If'kz :‘)‘( p|: h ( k):| h

pave :%J‘ I’°€Xp|:2—'u(R—rk):|+rk.r—1r2 ‘dl"
20, h ook

2 2 3
T e
274, T\ 2 h 2h 3h
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Average forging pressure - sticking

2 2 3 \|*
Pave  _ 2(7” -exp[z—'u(R—rk)]krk r _’”]

27 4o i\ 2 h 2h  3h )

2 2 _2 ] 3 3
pave — . rk .exp _ll’l(R_rk) + rk _rk
2T 0 T 2 = h | 2h 3h
pave _21Ll _ rk

=| exp —(R—rk) + —
27 o K 1 3h
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Forging force — sticking region

. . 2
Fforging _pave .A_pave .ﬂ.rk

2 1
Fforging ZZTﬂOW-(exp TIU(R_rk) +kj°7z-'rk2

Prof. Ramesh Singh, Notes by Dr.
Singh/ Dr. Colton




Sticking and sliding

* If you have both sticking and sliding, and you
can’'t approximate by one or the other,

* Then you need to include both in your
pressure and average pressure calculations.

+ F

sticking

F. . =F

forging sliding

r forging — (pave A)sliding T (pave 'A)sticking
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Strain hardening
(cold - below recrystallization
point)

Tresca

274, =Y =Ké&"

Prof. Ramesh Singh, Notes by Dr.
Singh/ Dr. Colton




Strain rate effect
(hot — above recrystallization point)

5 1dh v platenvelocity
h dt h 1nstantaneousheight

Tresca

27 4, =Y =C(&)"
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Flash for closed die forging
plane strain

* Say we have a typical flash with
thickness h/20 and length w/4

L L A A A L A A A A L A A LAl Al il Al d il il d i ddd
L L A A A A A A A A A A L A A LAl Al il Al d il il i i dddd
L L A L L A A A A A A A L A At Al d Al il Al d il il d i ddd
i L A L A A A A A A A LA L A A LAl Al il Al d i il il d i ddd
L L A L A A A A A A A A L A A LAl Al il Al d il d il d i ddd
///////////////////////////////////////////////////////////////////////////////////////////////////////

il ddddddddddddddddddd
il ddddddddddddddddddd

A A A A A A A A A Al L i A i il L dLd
PEEL TGS PSS ISP SIS I LIPS IS PI LTSI IS ISP 7,
il d il d il it d Ly il i ddd

O P P e
il i ddddddd il i ddddd PO EIEE OO I AP P77 s/
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Average forging pressure

* in forging (Tresca)

pave — 22-ﬂow . (1 T %j

* in flash (Tresca)

pave — 2Tﬂ0w (1 T
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Flash

* Flash’s high deformation resistance results
in filled mold

* Process wouldn’t work without friction
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