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perfccHs elaskic : drom the finsk (wcpfvg #11_Jhe
froclure = (o plaskic deformalcion.

6=EE€ , £: modulus of elashciky.

Z"._JJI ! PYSIR _d_)

©)

>

(92—’) E‘FF!C‘ Op SHNI"‘ ?w{-z ” (‘C/wmj( i shrain in anl) of L[me)
m ol
iucneas;')ty Shrain ke : ’../S_S

G
increase  the Stremghn Jecreace  tue Juo(—.‘h'lg_.

E]Enginccn'nj shrotin. batse .

&2} - Pcr[ec{—l‘y p{ush'c s m;g{o(Uo elashe mvge)
1 the shess shaeks from dhe y/c(c! Om Sheain bl 4he v:‘e(a()-

6=S§ 5 n.m/in mederialls thok howre aluyh
Aucklity o femp T — closed to pefechy plaskic-

l.-b) 4 V: velociky =>constant 1 make o comstant
;= ir—l' =_L=_V =g loch a
e i T s (Lo) ve eCl\:) since | have “2""‘{3
— cons Fanf (,,,Uk,\_

True shroin vale
. —_— T to make & conshamf Chqus Yae wlloc'\)—n

~ ﬁ= 0'(’"(";):&:1 s S— (__l;) with Hhe sowme «ml-c q;([_)

4t de 4 L - ( congtant vakio bejween (L) X U ))

l':_/msh'cJ Ptv\ﬁccHg plaskic = Claskic (6=EC—)
Q——_,
kUl (GS’ é) mox. elaskic strain - - Q) elashc.

Y
then (62Y), €7 T ~--@ ploskic

@J, limui‘lj shrain Anr:!euiv 2 po_elashe range
A
i starks fom plaskc [—S = Sa +Ep e—] *

EP 2modudus of plasticity .

E(asli: ['nmrlj Shroin Menma.

[0 Claskic . 6=E€ — [0<€ <L)

\ Y
PlaSHC 6= ‘/fgp(e‘é) — CE 7 E:\
_ase)l e WS\ Loy

(22:6 ) € fFects of Ademperature:
13 When You ncneas e demp

G
Z_/U LS., \//'e/o[/nj Paink 5 E 5 AmesJ will. decremse )=PS/’VW5HA

[_@/a/k chﬁx'm-\j Mereases .

%) (;’L‘C Dlé//lléj oﬁ p/as‘h‘ca{{j g{e,fofma«(lr'aw )

#3The  relabionship befween 7:1/":5: and  Jemp.
=
aren w\on e carve.
#1The decnense in Aoughness

Gnmo(ccfemhxj fhe slmnjhl-

is less Huan the incrence
3

—l—‘<T_L < -‘—3 " +ou'7£n“$ Accav&' °F

fhe increase of JucA'Lg

eueryﬂf-'n_j Aecrense  witia J»emp.
§ unless the Ha«gaﬂan because 5

ﬁc(a['co’ fo ducf{hy.

deformanion speed, and strain rates in metalworkin

TABLE 2.3  Typical ranges of strain,

True strain
Q)

0.1-0.5

Deformation speed
m/s

Strain rate
Process

Vorking

0. 1100
)L 1=100
10100

23 max
RIAT I
),05-0,2
and war
ling 0.1-30
X ).1-1
Machin 0.1-100
y

Sheet metal forming

10°4-10-2

Superplastic forming
two Lypes of processes [cold Wowking , Ho workv;jl.
@ High strain ot a high fomp-

becuuse fhe duchlily incrense o a higher lemp.
@ High strain Rute ab lower femp.

becouse of the mfchmicdf be havior equa/er'oyx- (‘Siwsi“v”-\lj of oroiw
vake).

the mechomical behovior in fhe shrain Rute.

Wl = Strain vale :cms/ﬁw'/:j index > Iﬂ? —556‘05/51 \t

The Relakionship bebween Hhe. stroin rake
Sensilioly (m) % femp.

_/L_ﬁf thok as the Ademp. increases 5 the shp
increases . The densile Strengly became mote  Sewsikive
fo shrain rake s Jemp. increases.

) fli— strengin L, DmcH({Lg 4 - L‘glner increoge i slop = m(bwgcra.l- fwPT)

vnone sewsiHve Lo

Strain rake T—éSngHn i Dmc“lli¥3 \ Stroin vale.
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f strain, deformation speed, and strain rates in metalworking

Strain rate
1

True strain

Deformation speed

« m/s s

0.1-100
0.1-100
10-100

1-10°
1-104
10-10°

0.1-30 1-10}
0.1-1 10 10

0.1-100 10°<10"
0.05-2 1-10°
10-4-10-2 10-4-10-4

At o lower demp. the maberiad is less sensihve to Skrain voke
G ®
mare Strain rale — .S/V‘eugHA T (verd small)  5bo3t ar Ak Ay Latiaht S
s{rg_nsﬂl.t}’ h.“’"‘“

©)
At Hot wor k(us —» Less shrain rale becanse fhe mtodona

®

& e 25U\ gswinr
"&L%J b5 s d;"
(Low struin rake)e Pusucss a0 & L2ut

s Ajhly Seasihive fo Strain rode  ith l/\is'n Auclﬁm"b
more._shrain  because of Mah Jucmilg<

Aol Dooubs Aale 2y s e $05 Bollh ST L))
‘('cd.! b
Chigh strain vate)  Cligh duckidy ).
s for C and m in Eq. (2.18) for various
1.0,

TABLE24

d metals at true str rom 0.2 to wnd at a strain rate of
)

Temperature (j )
Matenal C MPa m
[ 82-141
11035
240-20
415-14

11-2

A wm 200 SO0 007023
— 00,20
0.06-0.17
0.02-0.3
0,1-0,2

0.07-0.43

Aluminum allovs 200-500

Copper 30090

Copper alloys (brasses 200

Lead

800 —

100-301
400

200 140-14

Magnesium

Stee

9001200
1200
1200
1000
1000

95

165-48
160-48
415-35
930-14
900-35

65-11

0.08-0.22
0.07-0.24
0.02-0.4
0.04-0.3
0.02-0.3
0.50-0.80
0.04-0.4

Low carbon
Medium carbon

Stainless

SO0
600

1 200
im allovs 200
S00

2001000

decreases a nerea As strain incre

a rm ¢ within certain r

< E, Ne 1
¢: After T. Altan

nd EW. Boulger.

At high Jemp s (C) decrense ( Cis relafed 4o malevial strevgi ).

—s (M) incvease.

(@.2.8) : Effects of Hydrostatic pressure:

Ny Zp =P e anly eFfect of fhe hydvostakic

| wp |« highly  incrcage.
AN pressure. —> increoses the Jucl-:‘li)-oy (Sijm‘ﬁmnﬁa ).

used for britble  moborial

©
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/_ | E E 5 E
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E E & £
éy Eae b _vbs vex |€5:t (65-v(6a6)).
E 3 5 g

V: Poisson’s wakio-
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= ln <%o>
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Thus, for simple tension where 03 = a3 = 0,

211 Yeeld Critevio

0N

\d'w&o«xiaﬂ \{:e/c! shress

Vielding whe 6=3y. G hom Temsi tesk-

\ G

tn the umiaxl'a.q Saﬂ'em.

K il thene is  ymove han on  Sbress

"3 lie \//'t/o" critevia is used in mamuﬁd-um‘nj gp erakions
where plaskic Seformokion i involved

9“4/ #5 W/ﬂl/ﬂ"”tb( s jemzm/g é/'ozX/oJ or  trioxiall.

@as/@( g the Al/pfs o[ﬂa/ef iofe #ﬁeme will be Qizpe:

= (ﬂom makeniad behavior % when Fre k//'e(o( occuw_s)
(2:0-1) Marimum — shear - Shress - Coiberion . =p (Tr:gcq Cri(-ewlw)_

— S
( max k)=> Vlt//mj = K: constank = -6‘.'5 Y S\j wiauiad
vield strew b,

&[Zmnx MlV\= g‘ﬁ] MCJLW‘TS CI.WC[C‘
6 - 63 =S4

(QJI-Q) Distorlion - E;cvgy Gi(—wion g (Vovl Mn’scs Crlkw\w>
the M/cvweo(r'dﬁe principle - sfress. és Mc/m@n/

(6:'62 )1"' (67_-63)1"’ (6&-6-)1= 2 San
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The eaterncd. g externa pressave.

Example e e Elaskic range 2 *3 \\n'm Sp\nericu& shell 2 E;oi“n enkenal pressuhej
pa— 0.
) : / Z’:X":b": (Qdmm - and e afsa ouscume S(: here 4o be Ters
. <
- il E=200GPa, v=035 , P= 20MPa. Qe PAin o _P-mo”
» H X ‘ITDL-
7 1T L End foe Good dim after pv"csswiz';nz) flex.
_ % _ PD _ p.

S_o/g < €:=6x=5'—(§x—v(5:5+3z))--l“(xa)- So- T — fb 2 Se=0
E)(levna! (P) <> Sx=Sy=S2=(IP —» compreSion

1 (—;Io *106— 6:28 (—4/0#106)) = ln (;);(;)
200 % (07 2
[VI((T:%)‘-‘-_S %10 (o umt for G), O\A"Z(S)'

the .[)Mt[ 6:»5/41 (X) = 99-995 mm.

i Xo=Zo= Yo = 160 wmm

P= (0 MPor 5 E=20GR o V=02

T 2 z3 M‘ < S‘.N‘C Xo=Yo =20 .BX= Sy = Sz]
J, ) .
wM " H< Af[eam“ E‘;w«“ - ""‘J e ? 7 Y Sx= P. A - P.(y2) - P :v:‘l-l (0000
t e / ° Aex 2 b(2+y) 2xa(a00)mm®
Precsuve. is kind of shress (Ooml—acb shess)=> brom Plouicl- Wobe : MPa /o B«
Xo = e —
(_J:_.-h!l —

the Sowrce ol pressuve is in confock wikh. fae ol surface - o0 S

og" fhe AW(.ZAMM & verticeld & ., Ex =

®* ¢+
2
+ Ain ™

(3
E;/Fefnaf Pf\cssum 2 -
Hollow C\/’Mo(lf E-(hm Cy/mo(/!lcd sAe/L-]
@S‘— -;_""

Aex

g P N
SL= F— < P.ﬂ,,, = 50 = PD- Pr =S|_
A Hex 0.k 4t at

©) ge — | | Soume as the Exbemal presuve

— Se=-P

£JSimee Sp <LK Sp 5, B
Hoek- gb=0

we assume

/was whee (vt y, o idervad,  prefunc
He equakior slawts witk S = f;p.-»
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Quiz(3)~ ;‘F Xo=Zo=Yo= 100 mm
P= (0 MPor 5 E=200 Gpu 5 V=02
Solwkion 2 Since Xo=Yo=2o .L‘Sx.— Sy s Sz__[

ﬁ
Y Sx= P. Aim _ P.(y=2)

= = o W .n_;t ¥ (0000
s ._.(—i—— e Aex 2 E(2+Yy)  2xa(300)mm®

Dole : MPa —_— N/mm" 3;:(2‘5(“?0\4@

vgr the horizavked g verticd & ., Ex =

hovizanbal vevhiced
oF
S”- 2.
SR |
> 9 @th- E(Sx- v (Syf-ﬁ:'{))
CD‘{‘ 3, @6)(\, = E‘__(Sx -v(S, "'%})
SX v gq} 0/!(7 n M"S Cuge
%Y
L gxr gy © S T
L4 €X vz Exh-

i£ Xoz1S05 Yo=200 5 Zo=(00 Frol Hhe /:;JL\?H\-

P= (0 MPa o 7 200G, U=a-2 9 Eo = 10 mm

— ‘ OXE Sy# B2 o Kot Yo i# To
i
= Sxe

p-ﬁ::..
Aex

- [0 ;‘:‘1. l(m'/m) _

2#10 # (200 +100)

33.33 MPa.

By o5 = (150700) 3540, A LU 0200(900m) 4 0iip,

ario (1g0+i0) 2 (10) (156+200)

Ex v=—-(8x—\l‘(82)
Exh = (Sx v($y)) =

3 -
(333«/0‘- 0-2¢ 492-9#10 ) = 1.236%10 1

200 » (oq

€ 6 -y
33.3¥(0 - 0-2¢30 (0 /: 1-265 *10
200 « (o"

Exue lnlz)
b4
é)(h: lV\ 75—)

ov
r—

c \0
et

2.11.1 Maximum-Shear-Stress Criterion

I'he maximum-shear-stress criterion,

also known as the Tresca criterion,
states that yielding occurs when the maximum shear stress within an ele
ment is equal to or exceeds a critical value

». As shown in Section 3.3, this

63

g (JUSS) .
gVHMX— SW\I’V\ Z

G

F S >8.7 53 @8’537/2}

2 = (56 UPx
f widl fﬁ( Vl/ajfria,a ‘ife(J () 5:5@0/(/3’
Smmx = SW\'W\ Z \:)
Sx=300MPe
- 200 - (350 ) 7 00
3y:a50 &)

550 >500 —> vield

2.11.2 Distortion-Energy Criterion

I'he distortion-energy criterion, also called the von Mises criterion, states
that yielding occurs when the relationship between the principal stresses

and uniaxial yield strength, S, of the material is

)
a3)

¢ (03 —01)" = 285;.

Exenple ¢ 0(17'\0( (84) so thuat fhe wedericd viells if Y= 500 MPo.

22 = (50 UPy

(300-$)"+(S2-150)% (150-300)"= 2 (500)"

. (90000~ 6006, - 62" ) + (- 300 52 +22500)
Sx=300MP
+ 22500 = 500000
25,"-00% — 36500 = ©

$*- 4508 — 182500 =0 .

Y50 -_hl Yg0*+ 4 (182.500)
2)

x v 62— Hac
2
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2.11.3 Plane Stress and Plane Strain

Plane stress CQ Dim. =» (6(,62,0),(6,,0,63),(0,62,63)].

2.11.5
Plane strain [ 2 0im. — (€1,€2,0), (€.,0rﬁz),(o,€7,€2)]

oS 5 (plane shin) ey Cplane shress ) Cslbel 3 60 <0l b vy
FIGURE 2.32

Volume change

Original volume

§\ Maximum-shear-stress
i criterion

e Mw yl.';a Cﬁ/’@l/‘fol/\
Note that in the plastic range, where v = 0.5, the volume change is zero.

in He plﬂw Shress. Thus, in plastic working of metals,

ooc

(u ()

we can  Uge Ve

6|+61+(~;:(), (2.49)

Uolume is Constanl- in the plegtic rowvge.

Whea will  be Yiéd/":j in fhe )((ax:brum—sﬁun—sfresq?

@ﬁ;sl- 7uar/ers St 5, st Bas0 y Solimia, niz (q)
iﬁ S|>S:¢=o SI-S‘) 33 2 Sl-“a. |
I-f 83>S| -*S;;-S'A N .’S?=a-

@ 34 q“a"l'eV‘s g“) Sé, S?:O =P Sz:j\(of\
¢

S.’?Sg = ’S; =y P S:g_-g V: S;? 3 = -Sn=:j > Sr='é-

o .
@ 2 quarkerg S, 5.c 480 . Mo Miasy. V=E 0T (000 /M4l m  , E=€x=€s=l50
3
S-S =Yy (o,9). (-3.0) = C @B Aa Aol Aet- 20 (-4s018) -3 «l0" BBV o t3ui3s 14 T
3 s O | g e 200 167 : Vo
&mj /O[//'n/- s or oul the yieb(ifﬁ Lrame —p fheve will be Y{b@@‘g‘ = ~19-08 4165 m*.

dor example =p poink )

V. v )
p/’m,é‘ [/J =P (‘;Lp yi) —_— ?_0 ‘—\j 0 -y ;tj no Vlf(aimg \
point (2 = (%; ‘%)__, 3 —(‘2) =3 592\ Yielding.

Pmr[~ (2)
‘lidJimj crilerion

Lompression < o, Tensior (Dlsl'ar"lvion = enojlj) -

not- er'ﬂ[fj

i dickortion-

ene .
34 |
Oy -+ "y Compression

!

3] Matium - shear=shocss _uteels. Distockion = energy chen
theve ol [eash one of fhe yabue =141

Makerals pab follows the distorkion — enevgy  needs
pore sppess bor y(efJ/nj.
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2.11.6 Effective Stress and Effective Strain Representalive /equiualml-.

one  Shress ar one stroin thal- include all shesses or all Straing
E_F‘Fec(ive Stress (%) - gffgch'ae Shrain (6

@;[;;‘ fe Sfaximum — shear — shress  criterion &

[§= Srax- Sein]s  aSsumivg Hak $17817Ss <> D BT

@ Fo- the il it = energy cerifevion @

Eg=; [(51'51)14'(52' 23)1+(§3—S|)2];]
vVa_

(D For fhe Jaximum — shear — shress criterion &

O, = Sq ae Kuown, €1€3 same din. as S Ss
= 2
z_’e 7 (61_ €3 )] = @ f & > 82 are unkvewn » assume Ewax= €,

Emn=LC3

@ forr the Js/ar//bn-— cneryy erilevion 2
(E, = 3£ |j(€|—€z)1+ (61- €3)1+ (€3-6& )1—}7]

Effeckive stress % Efpective shoin  one

usehd in fhe Temgile Shress-shoin curve

to J?J ﬂ! Nufouslv'fp between (8.€)

£
(2]
12
@
-
=
(2]
@
=
=

area unden Cwvrve s

h ~ unt
€ ey pe ‘ note thol = The leusile shress is tnioiof

True strain (¢) shress  sqchem.

@/{-3 found  Hock relokionship bebween uaniaxiod sfress Shain g lol'aﬂg
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6.2.8 Equipment
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6.3 Rolling
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6.3.2 Defects in Rolled Products

There may be surface defects on rolled plates and sheets, or structural

defects within t

he material. Surface defects may result from inclusions and
m rust, dirt, roll marks,
related to the prior treatment and working of the material. In hot rolling of

irities in the material, scale, and other causes
blooms, billets, and slabs, the surface is usually preconditioned by various
means, such as by scarfing (using a torch).

Structural defects can affect the integrity of the rolled product. Some
typical defects are shown in Fig. 6.36. Wavy edges are caused by bending of
the rolls, whereby the edges of the strip become thinner than at the center.
Because the edges then elongate more than the center and are restrained
The gl‘.l\l\\
shown in Fig. 6.36b and ¢ are usually caused by low material ductility and
barreling of the edges. Alligatoring is a complex phenomenon that results
from inhomogencous deformation of the material during rolling or from

by the bulk of the material from expanding freely, they buckle.

defects in the original cast ingot, such as pipe (see Section 6.4.4).
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In the extrusion pr()ccss/l:ig. 6.45), developed/in the late 1700s for pro-
ducing lead pipe, a billet is placed in a chamber and forced through a
die opening by a ram. The die may be round or of various shapes. Typ-
ical parts made are railings for sliding doors, window frames, aluminum
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FIGURE 6.45 Types of extrusion: (a) direct; (b) indirect; (¢) hydrostatic;
(d) impact.
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EXAMPLE 6.7 Power Required and Die Pressure in Rod Drawing

Given: A round rod of annealed 302 stainless steel is being drawn from a diameter of 10 mm to 8
mm at a speed of 0.5 m/s. Assume that the frictional and redundant work together constitute 40%
of the ideal work of deformation.

Find: Calculate the power required in this operation, and the die pressure at the die exit.

Solution: The true strain that the material undergoes in this operation is

102
€1 = In Q2 = (.446.

From Table 2.2, for this material and condition, K = 1300 MPa and » = 0.30. Hence,

Ke?  (1300)(0.446)"-3°
n+1 1.30

Ao
F:E,A,ln( )
FEE\ 4

(7)(0.008)2  _ :c 3
Af=——" =5x10"° mZ.
4 4

= 785 MPa.

From Eq. (6.63), the drawing force is

where

Therefore,
F = (785) (S x 107°) (0.446) = 0.0175 MN

and
Power = (F)(Vy) = 8.75 kW.

As given in the problem statement, the actual power will be 40% higher, or
Actual power = (1.4)(8.75) = 12.25 kW.
The die pressure can be obtained by noting from Eq. (6.69) that
p=o05—o0,
where, at the exit of the die, o represents the flow stress of the material and o refers to the drawing

stress. Thus, .
or = Ke| = (1300)(0.446)"" = 1020 MPa.

Hence, using the force obtained above,

F (1.4)(0.0175)
~0.00005

= 490 MPa.

Od =

Therefore, the die pressure at the exit is

p = 1020 — 490 = 530 MPa.

Foud o Chaprer
(6) =%
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