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ABSTRACT

This thesis presents an analysis of wire breaks during wire drawing through die
which can vary angle and design the experimental to compare with the simulated results
irom the finite element method. To confirm the accuracy of the computational results for
using as a guideline of applying the inclusion boundary conditions to any position of
wire. The finite element model generated to demonstrate the characteristic of wire to
predict the cause of wire breaking and define the corresponding and appropriate

manufacturing process further,
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5.2 96n15 Method Forming
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2) numerical
3) semiempirical
4) empirical
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r fractional reduction in area (AD - A )/ A,
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Jcosa - ,up(nl)ﬂ—]sina =0 ANN"IN 5.8

NF =0, (nDdx)+(7rD
cCOsX

COSsx

LA

o, =-p(l-utan) AN 5.9

AFUNNNANT AT wtan o 81RaTARele uat or = —p

TnasanAn yield fuannig (5.7) awmfuuseluwuwiunu uazvi B= pcot o, ¥nng

uiinsmannndeyius udadnglndiauns uAafeees drawing stress

D
4 ¥B L ANNATA 5.10

— -
Wa o Ad mean flow slress
&
B AB wucol
D, 7D  duH uAUTNAIGNeY

=4 [l a v
D, AB Lé’umuquﬂnmmmm'ﬂ

#MFUN1T drawing WAY extrusion NRUTNABANIU 1 =0 TIugURLANIUNIBUEN

wax redundancy THAA Aariuannsnisidasuulasglieunn homogeneous axsinagnld

\ A e v, - o o : . o
ABNIABUILD similar slab W78 ANNITANARAIUTUNIT drawing WAL extrusion T3

flaariu uansznuaInusuduaAnIu uas redundancy

1. N13AINIU Die Uanu plane strain [ 5.2 ]

o h o
A £ ANNITN 5.11

dla S =2/30 0rl.150, TuiiiAe yield (flow) stress U plane — strain Am4NA3

NARDLNITAA AU Von Mises criterion LAY o, Af yield stress 1w uniaxial tension W&

h, . h AB ATNMUNEHFIULALEATINE ATNAIAL
2. Close - pass plug and straight mandrel drawing iU die n3ang98l



39

2 h u ;
I. _ 1+,B {4 L. ann1ahn 5.12
S B hy
- +
o pr= —H—f uar S =—2-aﬂ

tan o — tan 8 W2

(diesnamaneuaniield plug drawing uaziAevIneauiiahy mandrel drawing)
Tun13AsuuL mandrel drawing 810 u, — 4, @annn? (5.2) dwmiunisdseynd

muﬂ?w'ﬂul,l,dmgm'wuuu homogeneous WaxONIW u, > 4, drawing stress AMiU

mandrel stress 81aaztianndn frictionless drawing FuFUNTARRURVENAAT AN By

3. Tube sinking (tube drawing with no internal support)

l.1lo, B D

B
D
i B Sk l—(—f] ANN17 5.13
0

4. Round — bar extrusion K1Y die NTINTIE

1 B D 2B
o 1+ r
% = 1-| —L ANNTN 5.14
D,

W8 o, = extrusion pressure UNUat4A18 billet
B = ucotax
NHIBNR aNINNIAdILaENIeeen iU extrusion  wlsduiudaunduaes

anadadutinuguanan

5. Extrusion of flat strip H1143N18 Die AR

o, 1+B h, !
=——|1- = ANNIIN 5.15
5 B h

i

¥ o oo X ;
annisdnauuil Wudireuiugu TnsunuAineuees lower-bound Tntluaniaz

sall azidunisiatsainARaULLL upper-bound



40

UszenF91U hot forward extrusion H1u die 119290298 TaEN1sULA ANN19(5.6) uay
Angdlusile

= A Tn A -
~0, = GH{*&}———. 4/4) ann13vl 5.16
A sincos

TnemenuINYeedNn13(5.15) wnun1awlasuulaeztsauuy homogeneous 13a
L

v - -
AUBENIN WALIBNNEDY AB external friction loss [56.3]

5.3 n1svnld1duazsz ey

ar

g aa -:I : o ¢=: [l v
1. hAasnisutialunisanauatuian Nlududeu

P ° H
NINA 5.7 u@nan13unaaan leannisaa lu 14

=l =3

2. ldluniseantuy waskantudiuniauisanlunisuaniaTaalaunne

resunanen anngeEi AR 0 il portant of the akdaminnl reguon

P o i % -
MNA 5.8 uann13unaan ieannisae lU 1 lunisunng



3. Mlunisesnuuu uszndntudiuginsaimiasmulnindidansatin

K

<l o M v = g -
nA 5.9 uaasnisunaqanlaainnisa il ldlugunsaiBidansatia

a1



<
Unv 6

ad ] = d d: g v
B)i] ﬂ1§ﬂ1ﬁﬂﬂﬂ1‘§?!ﬂ§1$ﬁ‘"‘ﬂ?ﬂﬂ1§ﬂlu§ﬂiaﬂ$lﬂﬂﬂﬂu

-1 - ar J
6.1 AEmsInluvdauvdusuauaunsaugy
&
6.1.1 Wu§u(Introduction)
ATNNTUATIEINNAAAAATRINITON IFATNNINT 6.1 A il lun smsef

1 | ° ] ° lﬂl o’
guunsugllaneiin lugnsvinunesunneesnnudiu mnuetun wasnmaadeusiues

Equilibrium equations
Constitutive equations
K inematics

Boundary condition

Slipe-line method

Numerical Method

Experimental — -
Visioplastic

determination of

) i mecthod
kinematics :
Assumptions of

) _ FEM
kinematics
Assumptions of Empirical
boundary conditions formulas

al - v ° -4
NN 6.1 uaAd flowchart 38N1sdMFUNITAIIIBINTTUIUNTTUgL Tany

Tan \(DwiagnsUszunur lavenAunaniiaandautias v
1) 38017 Slip-line AmiuiloyuiAauduman
=i J v l‘l - a ) " - e - o (%3
2) neidesiudaaruiaainilymanilallgilywniiinlasendudasnia

WAWUARLANGA



43
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This research presents the analysis results of wire breaks of
a wire with a random location inclusion during wire drawing by
finite element method. The effects of die angle on the drawing
stress during the single-pass 10 % reduction copper wire drawing
by experiment are also presented. The optimum haft-die angle for
copper wire drawing is found. By using this experimental
optimum haft-die angle, the effects of a random location inclusion
on wire break of a wire during wire drawing are investigated.

These finite element analysis results are satisfied.
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