[=&] sH=aM7135sx|, M 20 A M 65,2011

Transactions of Materials Processing, Vol.20, No.6, 2071

http://dx.doi.org /10.5228/KSTP.2011.20.6.432

Ti-6Al-4

A7t Mgk Amy
W EA AL

Shear Spinning of Ti-6Al-4V Alloy at Hot Working Temperature

H. S. Lee, Y. B. Song, S. S. Hong
(Received July 11, 2011 / Revised September 14, 2011 / Accepted September 15, 2011)

Abstract
A method for estimating the shear spinnability is suggested, and it was applied to sheets of Ti-6Al-4V alloy for
estimation of shear spinnability at hot working temperature. The effective working temperature was 850°C or above. The
hot spinning operation was carried out in two steps of shear spinning. The reduction of thickness at the first step was 50%
and 45% at the second, and the overall reduction of thickness was 72.4%. The cone spinning process could produce a
uniform wall thickness with only a few percent tolerance , proving itself appropriate for making cones of Ti-6Al-4V alloy

with uniform wall thickness.
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Max. workpiece length : 600mm
Workpiece diameter : 50-480mm
Longitudinal travel of saddle : 300mm
Transverse travel of saddle : 300mm
Longitudinal thrust of saddle : 160kN
Transverse thrust of saddle : 160kN
Speed of saddle, variable : 0-1.5m/min
Rotating speed of main spindle : 583rpm
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Table 1 Results of tensile test for Ti-6Al-4V

Direction | UTS(MPa) YS(MPa) El(%)

L 974.6 863.1 16.98

T 994.8 925.2 18.02
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Fig. 3 Schematic diagram of experimental setup
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Specimen size : Dia. 285mm, Thickness 5.5mm
Roller : Dia. 200mm, Radius of corner 7mm
Tilting angle(5) : 30°

Working temperature : 760°C, 850°C, 950C
RPM of main spindle : 580rpm
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Feed-rate of roller : 2.9mm/sec(0.3mm/rev)
Lubrication : B-N(boron nitride) powder
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Fig. 5 Section views of shells from spinnability tests
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Fig. 6 Surface cracks of shell spun at 760C
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Fig.10 Experimental view for hot spinning
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Fig.11 Section views of conical shells spun at 1st and
2nd steps

1A =9 geA s A& AANE LAE A
§3te] WhIF7to] 30°¢1 M=ol WojFol= 7
@ 29 S A&t oluje] oA Az
2E 50%0lth 28] A9 19 A3l
BEFE 2AR ARESt FrHH R FAE I
2A71E #gelth wkdF7te] 16°%1 wE= o
dojido] ~udaigivh. 29 29 oA HxE
e FAAES 45%0] T

Fig. 11 13 % 23 239 23} Qo]
o ©We nelFa gtk ] PRA W
of 1§ 23] HPFoln, ol e 9]
& Alfo] 297 23]de] J@Fel) wel

Mandral Z=80mm Z=40mm
- Mandrel
o A Inne
Juler surface,
i . W
1// .. i ey
17 = Tnner surlace B
=
| ] Quter surface
| (Section A<x53) (Seclion B<x5>)
|
! "
z
Z=190mm
| RESULT OF 2ND STEP Mianiel =
B [ T
: Inner surface
o
Outer surface — oy
Mandrol,
el s ection Cexs>)
E E E E E E E E E E
E E E E E E E E E =3
(= = =] = = = =] =2 k=] =3
§ ¥ 8 88 8 8 8 3
LR T T m 0 0
NOONON N N N

Fig.12 Section views of mandrel and spun shells

.

—0— Spun shell at 1st step (30°)
—<— Spun shell at 2nd step (16%)

L&

=g -
g v ‘Vﬂv_v_v_.q- w

G0~
%“-O—o-_g_u_o—‘o"o

P
.

GR = (dg-dm¥dmy % 100(%)
dpyy : diameter of mandrel
dg : diameter of spun shell

ES

Gap ratio bet. mandrel and spun piece(GR, %)
{=]

100 150 200
Axial position (z, mm)

(=}
o 4

Fig.13 Gap ratios of shells from cone spinning

%
M= 2 Ao gigh
Lotk o] Z1deA 3t
o

1% olstds & + 3l
kel
T

S A w9 T AFAE dvka AEr
Fig. 14= A9 F7A%A2E& EX5 ARSI A
e o] Al A 9-9F wlulste] BT 9t 1
b B 2ab 23 e] BE gl &7] He] A
AR FRES AL el JooA v
WA FUs FAREE HolFa glon, o]y
1 At F %Y eAE Holal Ades H1T
4 Atk gEdt A 4dA4S FgrIAE 2
ARE Al fAdg HEAE e 5 AgH

A MIIZEE X /M 208 M6%, 2011H/437



80
£ ol TTIAIIIRIIIIEARLIITT
& o .
2 601 »
@
% 0] 8800888000 NIl Wox 10000
= ty - initial thickness
© ty : thickness of spun shells
§ 40
g ‘ . Ideal thickness at 30°
B 30 ——-0-—— Experimental result at 1st step(30°)
'3 — —* — Ideal case at 16°
— —&——  Experimental result at 2nd step(167)
20 T T T T
0 50 100 150 200

Axial position(z, mm)
Fig.14 Distribution of thickness reduction

[>
o

o

lo rjo
£ 0K
2 rlo
oL » o
o rfr

olo
u\l
L
ol

)
o ofr
o
fet
ol
¢,
K
ot !
o

o ng

ol
)
olo oX,
oX
18
o

Hoja A
olsllom, 850C = 95
55%<} 60%7HA] AL

293 HIHARE w
29dE HEA7 ukeF2zto] 16°%
A7kl A AFE3GlTE ks
Holo] 3= 920 oA

o ook

dov ofnt du &,
o

Tl

-
&

o re

-
(o ¥
N
(RURN-
ro
o
b3

ot
b do

it

H

R

H
o2 ]

_ln:
a)
[0}
ey
v
)
=
I
)
J‘i
lo,
ﬁ
-
N
N
o,
N
N
—
X

o
&
%
tlo

J% =450l FAEL] 5
o S BEEAAE 8719 9
B A gfolx] & % of

e 959 870

3

Q)
=

438 /eh= =M IFS &8 X /M 208 HM6%, 20114

[1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

S. Kobayashi, I. K. Hall, E. G. Thomsen, 1961, A
Theory of Shear Spinning of Cones, Trans. ASME,
J. Eng. for Industry, Vol. 83, pp. 485~495.

R. L. Kegg, 1961, A New Method for
Determination of Spinnability of Metals, Trans.
ASME, J. Eng. for Industry, VVol. 83, pp. 119~124.
S. Kalpakcioglu, 1961, A study of shear-
spinnability of metals, Trans. ASME, J. Eng. for
Industry, Vol. 83, pp. 478~483.

M. Hayama, 1975, Analysis of Working Forces in
Shear Spinning of Cones, J. Jpn. Soc. Technol.
Plast., Vol. 16, No. 175, pp. 627~635.

M. Hayama, T. Amano, 1975, Experiments on the
Mechanism of Shear Spinning of Cones, J. Jpn.
Soc. Technol. Plast., Vol. 16, pp. 371~378.

J. Faulhaber, 1987, CNC Controlled Spinning of
Truck Wheel Disks, Industrial & Production Eng.,
Vol. 11, pp. 28~30.

H. S. Lee, 2002, Development of Spinning
Machine for Manufacturing the Automobile Parts,
Proc. Kor. Soc. Tech. Plast. Spring Conf. pp.
117~120.

H. S. Lee, 2005, Experimental Study on the
Conventional Spinnability of Steel Sheets, Trans.
Mater. Process, Vol. 14, pp. 764~771.

Y. T. Lee, J. H. Lee, 2002, Working Technology of
Titanium, Cheong Moon Gak, pp. 127~129.

S. L. Semiatin et al., 1993, ASM Handbook
(Forming and Forging), ASM International, Vol.
14, pp. 589~592.

M. Vanderhasten, L. Rabet, B. Verlinden, 2008, Ti-
6Al-4V: Deformation map and modelisation of
tensile behaviour, Mater. & Design, Vol. 29. pp.
1090~1098.



