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| The Effects of Die Design and Die Series on the Surface Residual
Stress of Cold Drawn Eutectoid Steel Wire

S.G. Bae', Y. S. Yang', D. Y. Ban’ and C. G. Park’
Abstract

In this study, the die design and die series on the surface residual stress of cold drawn eutectoid steel wire has been
investigated. Test pieces were fabricated using die series with different mean and final reduction ratio. Surface residual
stresses in the axial direction were measured by X-ray diffraction, Bruker’s 2-dimensional GADDS system. Results were
compared with stress profiles which were calculated by 3D and 2D finite element simulation, Hibbitt’s ABAQUS 6.4
program in Finite Element Analysis. By means of FEA method, optimal die shape considering delta-parameter were
induced and applied in order to determine die sequence designs. Balance of the drawing stresses was also introduced to
optimize die sequence.
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Table. 1. Chemical composition of eutectoid steel wire
(wt.%)

C Si Mn S P Fe
0.307 0.204 0.5 0.004 0.01 Bal.

Table. 2. Test pieces manufacturing conditions

# of die series Erotal €n Eave
n 347 0.09

n=25 n-1 3.38 0.14 0.14
n-2 324 0.13

n 3.47 0.09

n=22 n-1 3.88 0.16 0.16
n-2 322 0.15
n 3.47 0.05

n=25 n-1 3.42 0.14 0.14
n-2 3.29 0.14
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Fig.1. FEM modeling: (a) 3 D drawing 1/4 model and (b)
2 D drawing 1/2 model
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Table. 3. Reéidual stress results depending on die series
measured X-ray diffraction method

# of die series R.A (%) Residual stress (MPa)

n 9.2 452.54212.0

n=25 n-1 13.6 298.5£195.2
n-2 133 428.5£185.1

n 9.2 305.8+£202.3

n=22 n-1 16.0 495.01276.9
n-2 15.4 442.5+319.0

n 4.6 849.5+116.0

n=25 n-1 13.9 . 613.5£229.1
n-2 14.2 695.5¢113.2
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Table. 4. Variations of mises stress on surface depending
on modeling condition simulated by FEA method

A a®) T H oq(MPa)
A 2.64 6.15 0.15 0.1 242.8
B 231 6.15 0.17 0.1 278.9
C 1.47 75 0.30 0.1 493.4
D 141 40 0.18 0.1 3570
E 1.41 4.0 0.18 0.05 269.8
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Fig.2. Mises Stress distributions depending on modeling
conditions: (a) die shape A, (b) die shape B, (c) die shape
C, (d) die shape D and (e) die shape E
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Fig. 3. Residual stress distributions in approach zone
(AZ) and bearing zone (BZ): (a) AZ (axial direction}), (b)
AZ (radial direction), (¢) BZ (axial direction) and (d) BZ
(radial direction)
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Fig. 4. Residual stress distribution after cold drawing: (a)
die series A, (b) die series B, (c) die series C, (d) die
series D and (e) die series E

7% Agon wols & (bearing zone)o) A} wE
2 ZFAA AFeHo| 7 ¥ EW ol
oA 7t ¥ EEE YehlYa, ojZEx &
3 wl@zE DERACA wHo XP -8 s
b 7V @A e webA, D 23 U
Ho] AFSHo| g SutsiA A & 5 A
& ¢ T 10‘3‘1 nZATE FaAE Fe ™

FYG3HA 7hEel 7hssttt.

Ho do

thol Alel= wsjo) A%

ol APz Wste] e EHAY FF &
9 pEe) 2D ABH ANE 29 4o vehy
$ich. o) Aahe Xray HW RAWol )@ A
o tha old Ae FARAT. WA Koray 3
gyel FAAR7t AF WY 242 ANE 3
2 AW sholold B4 WAV W Aoe A

s
g x

- 421 -

3 sEtelEo Mgt ZAHE 3t AHElo| =99
JFe nsx R A%, 7L FH8L B
do] "HelolE9] 24 AFE HA3 AAeA] X
g Aoz Qelo] Y& Aoz HAY. FF8
zdo) Ang AWEd FF FALo] 2 (b)
z2A44 8 AT FFRSH M AT A
M3 300MPa o]de ¥ UFHE yEhAE o
& 3o ZRSHAE WAL o I,
A3 2Ege B2 WA #AE (D9 4 2
7589 2xg A #F & W0 AT &
EREia-E ‘3—:17*'3}71] e (e)ol 3¢ TR
37+ AxE A R

9 R&Tro "‘Ee FFeHoR AMdsks 24
7b st
4. 2 &
AF Q¢ 21 WA we 1 Bax%
7Y 4L S8 o

e Aoz FAST. ¥F BY

= BFSY Wsb 3A gged,
X7} Qolzion, AT ZHEE 4.602 HE
AT Aol FW FFEH MMEAHT A

JeA 9= Roz gt oad
Aste Q¢ £3 9o nd BA G AI=
s,

2. % 8AWE ojg3te tho] tiARIF thol
Ngz7t 8d 37 8o X 4FE AE
gold & 2 dxe ogn Zo. oo "ad
N AHELE FAIGI tho] BMAL 472 WE
A sEhElEs 1.41 o] "k, ol3e 2o
A ‘:}O] ojzgzx 2 Wy && FT d
U A3k T SEWSE ZaNE F USle
o Qg :?1 E‘?ﬂ AFSEE Uy FFSH A=

E F Ut thol AEz=E TtE
'5‘04 Add A $HE TAEA
?n] pass 1A 1% ZHEES FAll
§ 9oloje] FHoA °L‘§ FF 54
‘ﬂ’ }7]'00}5’— g UFo AFSH 4



5. % 7]
E AazEs 23724 @9 1 247 9ol

AR Azs @F Ad JlE AV AT
9oz FHHden oo A=Y

I Ed

[12‘.’,

(1) M.Elices, “Influence of residual stresses in the
performance of cold-drawn pearlitic wires”, Kluwer
Academic Publishers, (2004)

(2) KKATAGR]I, “Effects of post-drawing treatments on

the fatigue strength of eutectoid steel wires”, Fatigue

fract Eng. Mater. Struct Vol. 22, 753-760
(3) Bruker AXS, “General Area Detector Diffraction
System(GADDS) user’s Manual”, Bruker AXS Inc.,
Ver 4.0
(4) Hibbitt, Karlsson & Sorensen. “ABAQUS user’s
manual Version 6.4”, Hibbitt, Karisson & Sorensen,
Inc 2003
(5) R.N.Wright, “Mechanical analysis and die design”,
Wire J. Int. , Oct 1979
(6) Robert M.Shemenski, “Wiredrawing by computer
simulation”, Wire J. Int., April, (1999)
(7) G.Celano, “The application of Al techniques in the
optimal design of multi-pass cold drawing processes”,
J. Mater.Proc.Tech. 113 (2001) 680-685
(8) H.O.Fuchs, “Metal Fatigue in Engineering”, Wiley,
NY. (1980) p.69-71

- 422 -



