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Development of Isothermal Pass Schedule Program for the Re-design
of a Continuous High Carbon Steel Wire Drawing Process

Young Sik Kim*, Dong Hwan Kim*, Byung Min Kim**, Min An Kim***, Yong Min Park***

ABSTRACT

The high speed in the wire-drawing process to meet the demands for the increased productivity has a great effect on
the heat generated due to plastic deformation and friction between the wire and the drawing dies. During the high carbon
steel wire drawing process, the temperature rise gives a great influence to the fracture of wire. In this paper, to control
the temperature rise in the wire after the deformation through the drawing die, the calculation method of the wire
temperature, which includes the temperature rise in the deformation zone as well as the temperature drop in the block
considering the heat transfer among the wire, cooling water and surrounding air, is proposed. These calculated results of
the wire temperature at the inlet and exit of the drawing die at each pass are compared with the measured wire
temperatures and verified its efficiency. So, using the program to predict the wire temperature, the isothermal pass
schedule program was developed. By applying this isothermal pass schedule program to the conventional process
condition, a new isothermal pass schedule is redesigned through all passes. As a result, the possibility of wire fracture
could be considerably reduced and the productivity of final product could be more increased than before.
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Fig. 1 Schematic cross-sectional view of die box
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Table 1 Process conditions

Friction coefficient, p 0.06

Semi-die angle, o 6°

Bearing length, 1 0.5xd oy

Final drawing speed, v 11m/s

Temperature of surrounding air, 390

Tair

Temperature of cooling water 28°C

in block, T,

Initial wire temperature 47.5°C

Heat partition coefficient, m 0.8

Material of tip Tungsten carbide
. . Steel

Material of die case (AISI 1045)

Table 2 Present pass schedule

Pass no Exit wire Reduction in area
) diameter [mm] [%]

1% pass 2.88 19.0

2" pass 2.56 210

3" pass 2.30 193

4" pass 2.08 18.2

5" pass 1.89 174

6" pass 1.72 172

7" pass 1.57 16.7

8" pass 1.45 147
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@ Calculation results
B Measured wire temperatures

Inlet wire temperature  [*C)
2 g2 8 3 8

H

e

Istpass 2ndpass 3rdpass 4thpass  Sthpass  6thpass  7thpass  8thpass

Pass manber

Fig. 4 Wire temperature at inlet of drawing die

@ Calculation results
®  Measured wire temperatures

Exit wire temperature  [*C}
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20
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Fig. 5 Wire temperature at exit of drawing die
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Fig. 6 Flow chart for isothermal pass schedule program
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A9 RBE . 0ME . AN 18R @RARFFAR A3 A A5

A oz QA F¥Y wiEyE wEl JPHZ A Table 5 Modified isothermal pass schedule
A Z et F¥o & o] FHI FUHE T Exit wire Reduction in
© 293 A4 1A A8 vk F Y A Passio. | diameter mm] | area [%]
B AA U Cementite lamellae © W3k o] §l 1¥ pass 2.88 19.0
7] W AFS] AAEES FHATNI] A= 2" pass 2.51 23.9
24 2 & A RAAA w2z dHAY A 3" pass 2.27 182
&5 FA st ol WIS "]4‘_ Wwo g I 4™ pass 2.06 17.6
Al sta, viAE s E A F A 5™ pass 1.88 17.0
o9l & ﬂ%%@vo%:]d A& <] tﬂaé'%o =471 9 6thpaSS 1.72 16.6
=) - ==
Z‘]]:‘L;ngﬁ@ ‘/“\—-EE 2}7'” ”H}\ ]E‘E /5?4_7:“6]1 7lh pass 1.57 16.7

= 8™ pass 145 14.7

Table 3 Comparison of conventional pass schedule and
re-designed pass schedule

Conventional pass Re-designed pass
schedule schedule
Pass Exit Reducti- Exit Reducti-

no. wire on in wire on in
diameter area diameter area
[mm] [%] [mm] [%]
1* pass 2.88 19.0 2.75 26.1
2" pass | 2.56 21.0 2.49 18.2
39 pass | 2.30 193 2.26 17.5
4" pass | 2.08 18.2 2.06 16.9
5" pass | 1.89 17.4 1.88 16.5
6"pass | 1.72 17.2 1.72 16.2
7" pass 1.57 16.7 1.58 15.9
8" pass 1.45 14.7 1.45 15.7

Table 4 Comparison results in 1% pass for each pass

schedule
Conventional Re-designed
pass schedule pass schedule
Reduction  in
area [%) 19.0 26.1
Drawing speed
[m/s] 2.79 3.06
Drawing force
2311.2 2870.7
[N]
Consumed
power to draw 6444.3 8777.3
the wire [W]

63

wetr] 2 Ao dE2AAE A Al
Aot 2 AAEE st WA 2 A A9
AN w29l vpxjul gxore] GHEHAY FAE
< @FoA AMEEAL e e 7‘4%’3P1 L #]
H2E FE&Y22AZE HASle +HE 529
22~ A& (Modified isothermal pass schedule)i 74
22 AA FAL ALdASGeH, 1 AT%E Y&
9] Table 5 off JEMNRITE 18&A7e] AA Al &
T Aoz A% 9 A sheAel dAE =
olAE YA 2EE 170°C Weotih, agjn=
AN FAE A AF AM S8 AR
o w2A sl AM s A AAe 2xvt
175°C ~ 180°C o} o2 Abgsle] vl 7h5Ad ol
AZel wet A £EE ¢ ol FAAE FE
aRont, AMA, wAd fAE ALl Unix
gz I 33 TN dAY 2EE ¢
172°C 2 dASA FAF £ dA A THE

h‘.

e 24 vhed e AaAE oAt
4. 48

TEEZE o] 8T AL AM FAHAM A
o & Aeor AF @ HAE M= F
o] AFFE T WL AY R dxzAE
BAZE a7Ed a2y ASAE A¥HLE
T 8 B gEst] T MF R A2
AEE AAlst 2 Feo= A% 9 EAS
AAEAT Wk & dTdME a&HY G
2 A5 9 Ad A dAHsE Ast dF



lo gk

@ Aazdz
27E o oen 2ok

ot

o ol b1 o 2 12

A4 . AR . AW - A
+E 54 éﬂrQ} Blug ¥, B§ad 2= A

Hg fEsgon, oF Egz A dxe o
e QRAA e 5
BrzrAE ZT2ade Agssch o AHE
ol Agste] ALy Seo)axAE T2
4eQe AED T, AARA Ba #AE 9
47 B AN & A7

(1) AA7F <2 F8E B Wygg wowy A
A LEE o 100°C 4533, ¥y glo] W
Z} Jdo A A7) F99 o 19} Az Afel
o giF2 A3 A, BE5H HdAAtele &
Agdz s 2 90°C ~ 110°C AE #A8F o
o, 2 B§3A4e AEd] Y8 AA A F
QoA ZA dolgf e} vlm B AF3Ch
AAD AA 2= dF 7Y B3AHE S
& & o]Z olgtd 5L FHArrAE TE

A ¥

#HE Mt A9 714 2 A AA
A A8k o}

ont Eataty b=y “ila"" o] g3t A F
AL AT A3 AL FF 749 A
A 28 ¢ 166°C & YASA AT F
ARom, &5 AFoz 93 FA Fo dA
A FhsAde] AE AT, F
22 HARTY s AESAA HAF AEe
AAE FAAE T UAdH

neAZe A AA FAF AA A nyE
e A AL 2Ae uYsteg AR
2H22AE A Lo
AL Al *47ilo}°*°trl o] 73% HF AlA
£ 374

T AAd 2=F °‘7<4o}7ﬂ r 1 ‘
I, AR A, HAF 11]—5-4 A
F AR FHAME o 53 AF

s Aol FPsaaih

l

Jy of off K

f1

F 34 %ol LE 4502 A% 94 B4
AstEA HF AN SEE FHAA AFY A
B HFe 71WE) AaAE B AT AA
AazrE A A WY oha, AAle e
Haol JPe Fr A, B8R P2 WA
g E9 97 waol @ naw A4 A4 T
AA7} o] FoiHok & ol

N

Y.Nakamura. T.Fujita, Ph.D., H.Kawakami and
Y.Yamada, “New cooling system for high-speed wire
drawing,” Wire Journal, No.7, pp. 59-68, 1976.
Alexander Geleji, “Bildsame formung der mettale in
rechnung und  versuch,”  Akademie-Verlag,
GmbH.BERLIN, 1960.

Yukio Kojima, Nobuhiro Yasue and Takaji Mizuno,
“A calculation of interface temperature in drawing,”
Journal of the JSTP, Vol. 32, No. 366, pp. 906-911,
1991.

Y.C.Kim, “A study on the analysis and design of the
rectangular shaped drawing process,” Pusan National
University, 2000.

Jan W. Pilarczyk, "Hydrodynamic drawing effects on
wire ASTRO  characteristics,” Wire Journal
International, No. 7, pp. 70-83, 1997.
W.J.Wojtowicz, “Lubricating characteristics of
drawing compound,” SME creative Mfg Semi, 1970.
Aly El-Domiaty, Sadek Z.Kasab, “Temperature rise
in wire-drawing,” Journal of Material Processing
Technology, Vol. 83, pp. 72-83, 1998.

Frank P. Incropera, David P. Dewitt, “ Fundamentals
of heat and mass transfer, 4™ edition,” John Wiley &
Sons, NC., 1996.



