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Evaluation of Radial Direction Non-uniform Strain in Drawn Bar
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Abstract

In general, the drawing process is performed in a multi-pass to meet the required shape and cross section. In the drawn

material, the surface strain is relatively higher than the center due to the direct contact with the die. Therefore, a non-uniform

strain distribution appears in the surface of the material where the strain is concentrated and the center having a relatively

low strain, thus it is difficult to predict the strain in the drawn material. In this study, the non-uniform strain distribution was

evaluated using a finite element analysis and the non-uniform strain distribution model based on the upper bound method. In

addition, the relationship between the hardness and the strain was established through a simple compression test to evaluate

the distribution of the strain in the experimentally multi-pass drawn bar.
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Table 1 FE analysis conditions

Conditions Value
Wire Plastic material
Die, Puller Rigid body
Wire material AISI1045
Young’s modulus (GPa) 226.0
Initial diameter (mm) 16.0
Final diameter (mm) 11.45
Friction coeff. (1) 0.1
Drawing speed (m/min) 20.0
No. of pass 3
Total reduction (%) 36
Semi-die angle o (°) 6.0
Bearing length (mm) 0.30L;

Die

Wire

Fig. 4 Initial FE analysis model

~~
~
p—

= 1047.68 - ™12 [MPa]

dlaol 88 FAHLS A 27
HZE A7 11.45 mm ¢ & 3 = 2
o] FHA LS 200%E dAF F
28-S 36.0%C1H, o]l W ()2 6°, A
A& mpRASFwE 0.1 otk Mg Az
Table 1 o YJERAI oW, 7] F3taisfd] »
Fig. 4 ¢} 2t}

Fig. 5 = 7} sj=o] hdrel Ao whgwak
' BXE Yekd Aot s Addels & 5

TN
o
[«

,d
ol o

i
d

ol
o ¢
it
A

o

ﬁrﬂ
R VR )

rlo rlo

o

ol

%2,

o

td

O,

ofN G

Ny

-3

o

N
TRl
Loy HT S M ot

R
[

STt - ol -

c 06
o >-®
o
“75 booosoe®®® G W.M
2 04
3
E M
0.2 —=—1pass|
—e— 2 pass
0.0 —A— 3 pass
o 2 4 6 8

Distance from center (mm)

Fig. S Distribution of strain at each pass

v A =
oleb AHAQN HFol A= FUF HE
S7kgol SANET 57] el ER, 7 o)
20| MPE £¥xE ¥EH g2 e ¢ F

3.1 Tt QI ae

HEE x5 Jdddow A7ty 9 w3
A2EfA 2249 Table. 1 3 Fd 34 208 A&
&l Fig. 6 3 7Zo] vtk ¢k S =g ekqict

SN
e QA 2AlE glo] AF
H



359

400

o
1®
-
Yo}
A .4 N
-
v#eP
vaQa w
P —
Yo}
AAf N
o
<3
v o
o
o
Yo}
- 2
o
L]
o
<
o o o oo
o o o

(32) N ~
[AH] ssaupieH

Table 2 Friction coefficient at each pass
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Fig. 8 Strain-hardness correlation curve

Fig. 9 Hardness measuring points in drawn bar (1 pass)

‘[Specimen]
FLEH12].

©

E—F]ﬂ?

Q.

[Result of FE analysis]
L

2 — 077 & kg f

§

Fig. 7 Experiment for strain-hardness correlation
H

HV = (€)

[Micro-\/ickérs hardening tester]

Hardness(HV)

Geleji 7} AIFe T 2(5)E

ﬁo

A7t

af

[

S

1& 73 8ol

7

PN
L=

kel
=

|

=4

11-7;]

7} Table 2 oA HZo] n}

0.0727 ~ 0.0743 2.2 TE wxoA SA}

ﬁa

ruge]

A
14
ﬁo
o

™
el

S

L

(6)

-
E—D.DB!B.

HV = 303.04-

h

&

&

s
A7k 2

|52
Lj_

27

A
Aol A

bl A €]

H
=

|

o
u

ERI 1o, Table 2 2] w}

Al Fig. 9 <}

7He 91§

2

Dz

=
=

¢}

il

™

BO

1
80
5l 3
@ B
Seliny

_04

l

A
o] QldtE Ao of

Ll

IR oF

bo] 54140l 4

©

Ea



™ A W CLI M% %.MAM% o) B mﬂmm BN OSgl T T =
T Dady 5T whue® TE e owdMzy pph¥ <
o my Sl SO ~o Njo —_ M N —_ Nr o= o B o ~
X - ¥ o2ldem gu W gl owmT oy
w T R L Wl Ty B g e LT o E WS o o i o
G T W ® oo WD B Wy oo < obst o W o
wrn*ﬂﬂm oo WE ol s mﬂﬂmﬁnnﬂMMﬂww_ Eﬁoﬁﬂrﬂ_o@Mﬂo_oz?mrmwﬁﬂﬁz]ﬁle ~ ™
_6,__1r,_ o ﬂeh&i —_ ﬂuﬂ_mﬂmm R T w.LﬂWFw.LcTudegoaom_s Iaw
ok -~ < w9 B gl oo B 7 N T o NP oF
Y ogizd  IF TEIIEsRRERliz.ELIRCIL Te
=1 oF P N o I I NS & - ofp o o
m,# | mﬂﬂl M o ¢ g o RE — TM_.EO ﬂ@wuiw_ﬁ%gaﬂugo — o‘_ﬂ
g j W PR o oy X @ o op W B A
Al o] i MmO e g i S mﬁﬂoﬁxaoﬁ@ze%i% N
7= N T oo T o 5 0 5 < 1J1X_|L oy I B iﬂ_%ﬂao e Wﬁ}ﬁ y ok N o~
5 ol oM <+ W ﬂr.ﬂﬁn_eﬁ_nmum;%ﬂa@ﬁ&Eowvﬂma%o ﬂ%ﬁmﬁ%ﬂ% MEO
4 T ol T w2 W ANy o o) @ A X O I B =
R R Ty e mEB P E Mgy, PEE T, e i
. T o ook Moo B PR BT mE T mE e BT gy M ) g
Y ok B Ope Jl%_%iufﬂoegjl mo = o X oF D — D
_UT —_ AT o ‘.AI Enﬂ JRE ) X AT o E..ﬂ T B o T o0 o Ot E
0 TR Woge = 3 of =07 g OB I g KD ar Al Xom gy 9P o b
o W B R FT R TR peT NN FLT p M RE il
T 0 T o B I 5B o o Bn o o Ry ol ~ H)
TR PRT %O BT A Ry P R ) :
® B dow BT T N E A SUREOR N SO L TR I R g
S - SRR V= BT OBRHATER OP® T @WETL] TAERF =
of
%o —_ — 7 — Ay o = X
o 2l | | ol | | | o ,AT_M ‘,A| EM mm T ﬁi éo
N oe ] 2022 % 28838 TIEE mrPRioly ..
IF o888 . S| S| S| S| s ; T o B o TR /e
<) 2293888 ﬂ”g .m el eleele - oF B W mom e B o 7o ok
— 333 ) Ly —~ N =N [ o)
0 ~N®mccc I = P
: Lo LEBE A; gl © E W vl ol wo| =| | | | & © S W o egﬂ mmga ,wumu\,wuﬂ
= spav: NI Ll ow E 5 =& % %9 %5 32384 A — P X B
2y EEEBSE 11 2y w - 5 A BB R IR IR G W og B o %541_#%} o
X O OO o ' ad ) P
© o Egakrr i Al om o o1°2 = E[oC[CC|C|C|C|ClC] Hem PR GEED
° o1 tel e ¥ & = ® RN R g BEa W
st W B8 5 Halalal el ol elelal e fm B chem? v
X < o =
599 WL e £ gl g8 8l dls sz Taooy CH W e T X o
28 3 % p | 05 2 E|EHZgglggzdd mRris EEEPRiYoEN
- N ™ ) s o = = _ [
T @ koqes E m a.a,m_ BE g Y
T T ! ¢ & —_— T —
.m.m.msss *A g D m = S 5} w 5} w 5} 51 5 51 _,AO Oﬁ \mor 7_I mE ‘hlu.l JHL C._O Ewe ‘;IOE M ‘Alvrn.*._ ﬂNﬂ
ccama 7 N .m Ol =| & ] 2 < & % 2 % .&ﬁ‘t ‘A# Bl 0 B N ok o p—
§58388 ¢ o N & F | S 55| 5| 5|5 %58 E N T P m No o X
chh R S ST 2 £ 3|£ 33383 38E3E wmewmrs FEgpT RS
QO Qi | < ¥ o = o A,H I~ ﬂ
LR TR AR | L% cEBlriens
: , . £ . " °©  _ T
_ 1t ¥ i o Sl E | g g 2 —m o T oo o Moy
I i o = = @ Z = X o o T
¥ N © © 9 % o O 2 ¢ |3 g £ E ol EE o T M =
-~ - - o o o o o _m g |8 £ g g Hﬂ_/ﬂzflumv\ 1d|@,wunmﬂv;ﬂ17r@_w‘x|
ulel)s aAI}09 5 | £ % m ~ B =T g O 3 e o <M T
w : } ”_. tm = AM A~ m = ‘Wﬂ N X E ﬂor < o ‘Wﬂ ] Zﬂo ) H;l
™ Bl oop o oF ™ A ol ok M WX B RE

e
=

Table 3 ©I



REFERENCES

[1] K. Lange, 1985, Handbook of Metal Forming, Mc
Graw-Hill Book Company, New York, pp. 13.6~13.7.
S. K. Lee, B. M. Kim, 2014, Trend and Technology of
Drawing Process, Trans. Mater. Process. Vol. 23, No. 4,
pp. 250~258.
http://www.koreascience.kr/article/JAKO20141295685
6571.pdf

S. K. Lee, I. K. Lee, B. M. Kim, Review on Profile
Drawing Process, Trans. Mater. Process. Vol. 25, No. 1,
pp.67~74.
http://www.koreascience.kr/article/JAKO20161136635
7222.pdf

Japan Soc. Technol. Plast., 1990, Drawing Process,

(2]

(3]

[4]
Corona Ltd., Japan, pp. 1~249.
G. A. Santana Martinez, W. L. Qian, L. K. Kabayama,

U. Prisco, 2020, Effect of Process Parameters in

(3]

Copper-wire Drawing, Metals, Vol. 10, No. 1, pp.
105~116.

https://doi.org/10.3390/met10010105

S. B. Lee, I. K. Lee, M. S. Jeong, B. M. Kim, S. K. Lee,
2017, Prediction of Surface Residual Stress of Multi-
pass Drawn Steel Wire Using Numerical Analysis,
Trans. Mater. Process., Vol. 26, No. 3, pp. 162~167.
https://doi.org/10.5228/KSTP.2017.26.3.162

(6]

i
el
e,
rE
ottt
ik
o
N

361

[7] V. W. Dias, J. Zottis, S. Rocha, J. Dong, J. Epp, 2015,
Analysis of the Bending Distortion of Automotive
Shafts
Proceedings of 5" Int. Conf. Distortion Engineering
IDE, Sep. 23-25, Bremen, Germany, pp. 3~13.
S. P. Cai, X. J. Wang, 2020, An Analysis for Three-
dimensional Upset Forging of Elliptical Disks and
Rings based on the Upper-bound Method, Int. J. Mech.
Sci. Vol. 183, No. 1, pp. 105835.
https://doi.org/10.1016/j.ijmecsci.2020.105835
S. K. Lee, I. K. Lee, S. Y. Lee, S. K. Hwang, 2019,
Fabrication of 50.0 ym Ultra-fine Pure Rhodium Wire,
using a Multi-pass Wire Drawing Process, for Probe
Card Pin, Materials, Vol. 12, No. 13, pp. 2194~2206.
https://doi.org/10.3390/mal12132194
[10]S. K. Lee, I. K. Lee, S. M. Lee, S. Y. Lee, S. Y., 2019,
Prediction of Effective Strain Distribution in Two-pass

Manufactured from Cold Drawn Bar,

(8]

(9]

Drawn Wire, Materials, Vol. 12, No. 23, pp.
3923~3936.
https://doi.org/10.3390/mal12233923

[11]Scientific =~ Forming  Technologies  Corporation,

Columbus, OH, USA, 1992.

[12]A. Geleji, 1967, Bildsame Formung Der Metalle In
Rechnug Und Versuch (in German), Akademie-Verlag
GmbH, BERLIN, pp. 4~27.





