SIL47H3%8) 953 A&t =23 pp. 76~85
AN Yo e Ao U JY

BER, REHR, FHK
Mg dea 4330 R A4 3F 474

Analysis of Deformation of Brass Tube Drawn By
Various Methods
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Department of Metallurgical Engineering and Center for Advanced Materials Research,
Seoul National University

Abstract

The general equation of homogeneous strain for tube drawing has been derived, This
can be applied to the general tube drawing method for non-zero plug angle. Also, the
derived equation can represent Blazynski’'s equations for the sinking and tube drawing
with a constant plug diameter. The general tube drawing was divided into two steps,
sinking and contact drawing zones. The derived equation can calculate the homogeneous
strains of the two steps. The various tube drawing methods such as fixed tapered plug,
fixed mandrel, fixed back tapered plug, and floating plug have been analysed by the
equation and finite element analysis. From the FEM calculations, the total strains and
drawing stresses are obtained and consequently the redundancy factor of various
drawing methods was analysed. The fixed back tapered plug method showed the largest
redundancy factor and the floating plug method had the largest drawing stress.

Key words :@ tube drawing(#<{1%), homogeneous strain(iF 2 ¥ 3 &), total strain(ZEA3
), redundancy factor(#J%1A}), drawing stress(Q12-3-2).
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Table 1. Dimensions of die and plug of tube drawing for simulation.

Die | Plug semi-angle ( * ) Af)prozﬁ:h Diel—beaﬁing Die inner f&?g
semi-angle . Fixed back| lengt engt radius :
° Tapered | Fixed radius
(°) blug | mandrel tarl)alirged (inm) (mm) {mm) (mm)
10(A)
13 0 -1 y
11(B) 0 30 20 27 24
Table II. Mechanical properties of materials.
. Young's modulus| Yield stress Hardening . , . ¥
Material (GPa) * (MPa) Modulus (MPa) |F0iSson’s ratio
Yf“g;’mgga)ss 105 176 866 0.35
Tungsten Carbide _ B
(WC) 300 0.33

# © Metals handbcok 10th ed. Vol.2 pp.302-303



Table III. Mean effective plastic strain, redundancy factor and work efficiency for each

method.
Homogeneous | Total strain|Redundancy efgé?errlfcy regﬁlél(g;;zy ::i?gg;

strain (ex) (er) factor (0) () factor (4 ()

Fixed |A| 03509 0.476 136 0.737 1.357 0.737
tpered o T 03507 0.457 129 0.774 1,306 0.766
Flgﬁ}g‘g 0.3549" 0.475 1.24 0.747 1.354 0.739
Fixed 0.3549 0.484 1.36 0.735 1377 0.726
tgl')ﬂgg dbgﬁfg 0.3596 0539 150 0.667 1536 0.651

# . Steady state

Table IV. Mean drawing stresses for each method.

Fixed tapered ]
; : Fixed back
plug Floating plug | Fixed mandrel tag({ere d glug
A B
Mean drawing 2889
stress ( MPa ) 2754 | 2645 307.0 2772

DIE

// ?‘/wc
»e?;

Bearing

« : Die semi-angle do : Initial outer diameter
B : Plug semi-angle Do : Initial inner diameter
h : Tube thickness at position x

Fig. 1 Schmatic diagram for fully contact
tube drawing.



(d) Floating plug

(d) Fixed back tapered plug

Fig 2. FEM initial meshes for various tube drawing methods.
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A : Sinking zone
B : Contact deformation zone
with plug angle > 0

‘(Mandrelg
- Y Ls Sl —_—

A : Sinking zone
B : Contact deformation zone
with plug angle = 0

(a) Fixed tapered plug

{b) Fixed mandrel

A : Sinking zone

B : Contact deformation zone with plug angle > 0
C : Contact deformation zone with plug angle = 0
t : Plug transition factor

A : Sinking zone
B : Conmtact deforination zone
with plug angle < 0

(c) Floating plug

(d) Fixed back tapered plug

Fig.3 Schematic diagram for each drawing method.
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(b) Total strain calculated by FEM
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Fig. 4 Homogeneous strain, total strain and ptug semi-angle as functions of decrement
of outer diameter at the initial sinking zone.
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(a) Fixed tapered plug(A)

(b) Fixed mandrel
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(c) Floating plug

(d) Fixed back tapered plug

Fig. 5 Distributions of effective plastic strain of various methods.
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Fig. 6 Drawing stresses as a function of
drawing time for various drawing
methods.
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Fig. 7 TForces on the die wall during
fixed tapered plug and floating plug
drawings.
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Fig. 8 Displacement of floating plug
during drawing.
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