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Drawing Strain Distribution Model for the Two-Pass
Drawing Process

D. H. Lee, U. C. Chung and Y. H. Moon

Abstract

For the large reduction in tube cross section, the tube drawing process is usually performed by two successive passes,
so called first drawing and second drawing. In multi-pass drawing process, the reduction balance is important to prevent
drawing cracks. Therefore in this study, the model for uniform reduction distribution in two-pass drawing process has
been developed on the basis of cross sectional variation of drawn tube. For the given product geometry the model
provides optimal diameter and thickness that can evenly distribute drawing reductions. The capability of model is well
confirmed by finite element analysis of tube drawing process. Criteria curves at various limit strains to determine whether
the drawn tube would fail during drawing process are also proposed by using newly developed model.
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Fig. 1 Schematic of tube drawing process with plug

Table 1 Input values for FEM

. STKM 11A
Material
(0.12 wt% carbon steel)
Drawing Speed 10 mm/s
Coulomb Friction Factor 0.15
Number of Mesh 1000
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Table 2 Comparison of max effective strain

Input tube (Target tube|Set-up tube size| Maximum
size size  |for first drawing| effective strain
First |Second
Do | to | D2 12 Dy i drawing|drawing
272] 1.8 2460 | 1.40 |1.0200]1.4633
272| 1.6 |22.0] 1.0 | 24.60 | 1.30 | 0.9056 | 1.0684
2541 1.6 23.70 | 1.30 [0.7337|1.0140
38.1( 2.0 3515} 1.55 |0.9949 |1.6133
38.1| 1.8 |32.2| 1.1 | 35.15 | 1.45 |0.8396|1.0825
4271 1.8 37.45| 145 |1.0353]1.2702
483 1.8 4295 | 1.55 |0.7508 |0.8255
48.3] 2.0 3761 13 4295 | 1.65 |0.8622|1.0158
45.0( 2.0 41.30 | 1.65 {0.7755|0.8418
4501 1.8 41.30 | 1.55 [0.6370|0.6819
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(a) ERW tube

(b) first drawing  (c) second drawing

Fig. 3 Sequential variation of tube size
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Fig. 4 Strain variation with thickness for first tube

drawing (a) Dy :
t,:1.0 (b) Dy: 38.1

220,
1.1

27.2,
,%:1.8 and D;:

t):1.6 and D;:
321,

(©)Dy: 48.3 ,¢):1.8 and D,: 37.6,1,:1.3



Table 3 Drawing strains for fixed average diameter with thickness calculated by Eq. (13)

Set-up tube size

Input tube size Target tube size for first drawing Drawing strain
Dy to D, t; D, t; First Second
27.2 1.8 24.60 1.33 0.389 0.389
27.2 1.6 22.0 1.0 24.60 1.26 0.334 0.334
254 1.6 23.70 1.26 0.298 0.298
38.1 2.0 35.15 1.48 0.373 0.373
38.1 1.8 322 1.1 35.15 1.40 0.324 0.324
42.7 1.8 37.45 1.39 0.383 0.383
48.3 1.8 42.95 1.52 0.287 0.287
48.3 2.0 4295 1.60 0.337 0.337
45.0 2.0 376 13 41.30 1.60 0.300 0.300
45.0 1.8 41.30 1.52 0.250 0.250

Table 4 Drawing strains for fixed average thickness with diameter calculated by Eq. (14)

Set-up tube size

Input tube size Target tube size for first drawing Drawing strain
D, ty D, t; D, t First Second
27.2 1.8 23.5 1.40 0.389 0.389
27.2 1.6 22.0 1.0 23.9 1.30 0.334 0.334
254 1.6 23.1 1.30 0.298 0.298
381 2.0 33.6 1.55 0.373 0.373
38.1 1.8 32.2 1.1 34.1 1.45 0.324 0.324
42.7 1.8 36.1 1.45 0.383 0.383
48.3 1.8 42.1 1.55 0.287 0.287
483 2.0 41.7 1.65 0.337 0.337
45.0 2.0 376 '3 40.3 1.65 0.300 0.300
45.0 1.8 40.6 1.55 0.250 0.250

Table 5 Max effective strain

Contents Input tube size Target tube size Max effective strain

Dy tp D; 7] First drawing | Second drawing
D, +D, 27.2 1.8 22.0 1.0 1.2043 1.1819
b= 2 38.1 2.0 322 1.1 1.1542 1.2122
¢; from Eq. (13) 48.3 1.8 376 1.3 0.7937 0.7477
Lt 272 1.8 22.0 1.0 1.2337 1.1863
o2 38.1 2.0 32.2 11 1.1771 1.1944
D, from Eq. (14) 48.3 1.8 37.6 1.3 0.7903 0.7494
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Fig. 5 Strain variation with diameter for first tube
drawing (a) Dy: 27.2 , #;:1.6 and D, : 22.0 ,
1,:1.0 (b) Dy: 38.1, #:1.8 and D,: 32.1, £;:1.1

olFE - A

Diameter(mm)

(a)

Diameter(mm)

(b)

38 40 42 44 46 48 50
Diameter(mm)

(©)

(©)Dy: 483 ,15:1.8 and D,: 37.6,1:1.3

676 /et M 7388 X|/H 13 M8F, 2004H

L

o

i
of
Foh

0.4 |- ke
£ 4a
3 O
S
7]

0.2L

0_1 i 1 H 1 AL 1 1 1 ) ——

36 38 40 42 44 46 48 50 52 54 56 58
Diameter(mm)
(@
0.5
—D,=45.0mm .

04L ---D0=48.3mm P
=
‘™ 03
s
»

0.2

01}

1 L i rR— 1

!
12 14 16 18 20 22 24 26 28
Thickness{mm)

(b)

Fig. 6 Drawing limit in (a) diameter at given thickness
and (b) thickness at given diameter for (D, :
37.6 , 620 1.3)

2.5

N
(<)

Thickness(mm)
3]

-
o

n=1

crack region

safe region =04555=0.2

T T

21 24 27 30 33 36

Diameter(mm)
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