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Deformation Behavior and Dynamic Recrystallization
of Torsion-Tested Alloy 718
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Abstract
Torsion testing was employed to investigate the deformation and recrystallization behavior of coarse-grained Alloy 718,
and the results are compared with the compression testing results. Mechanical testing was conducted on bulk Alloy718

samples within the temperature ranges, 1000 C~1100C. The strain gradient formed in the torsion specimens resulted in a

recrystallization behavior which varied along the radial direction from the center to the surface. The flow curves based on

effective stress and effective strain as obtained by Fields and Backofen’s isotropic deformation theory and the dynamic

recrystallization within the compression tested samples and torsion tested samples are different. The different deformation

and recrystallization behavior can be rationalized by the fact that the deformation in the coarse-grained torsion specimens

is not uniform and thus the strain gradient within the specimens cannot be analytically predicted by FE simulation. Thus,

the extent of recrystallization cannot be properly predicted by the established recrystallization equations based on

compression tests.
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Table 1 Chemical composition of Alloy 718

Si P S Cr | Mo | Fe

0.046( 0.1 0.006 | 0.002 192 | 28 | 17.7 | 0.075

Co | Nb+Ta | Ti Zr B Ni

5.6 I.1 | 005 | 0.04 | Bal
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Fig. 1 Configuration of specimens for compression
tests and torsion fests: (a) compression tests,
(b) torsion tests

Fig. 2 Optical micrograph of Alloy718, water-cooled
after 2hours heat-treatment at 1200°C
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Fig. 3 Machining region of (2) compression, (b) torsion
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Fig. 4 Flow curves as obtained by; (a) compression
testing and (b) torsion testing
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(b)

Fig. 5 Recrystallization behavior within the torsion

tested specimen: (a) Center region, (b) Surface region.
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Fig. 6 Recrystallized grain size and volume fraction
within (a) the torsion tested specimen, (b) the
compression tested specimen
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(a) Hot compression tested at 1000 T, 1.0s™
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(b) Torsion tested at 11007C, 1.0s! up to a torsional
angle of 348.5
Fig. 7 FE simulation results for the prediction of the
strain and temperature: (a) under compression,
(b) under torsion
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Fig. 8 Two-dimensional FE simulation for the predict-
tion of dynamic recrystallization within torsion-
tested specimen at 1100°C, 1.0s™ up to a torsional
angle of 348.5. Materials DB is obtained from the
metallographic tests on compression specimens

Aol BEASA dojun WHEY AR
w7t QojupA ek olo] weh oA oTE A
Ao PojuA @
G5 Qolv AL

o] &3t HE

FARANANE AAH] 4
} 1}, Deform 2D &
Gerte vz
e A

AYA AR O
A dA3 7E
SRz veppe
PENPE PV
Fol A9 gl
HE =
T @,

AA

fot rir
0,

J
¢

+

'
ofk

&
o
i
£
A
£
. o
i
ffru
3!

—_ OO

um o ol

©

1]
B
o
o3
1%
2
1o
ol
ol
i
=3

e d
Ot
i

o o
b
Y,
i)
3
T

2
X

[ Ol'ﬁ
14

[«0

o8

=
4
fe
4Ty

)

tu wo
J
o
o
¥2
£ &
o
> =2
o 2

yo M &

o O%
)
ol

Mooz X
oft

Mol 2 o WL N, K
T X
oz Mk

h—l i)
2
)
ih)
o f
o
—q
ol

o
it
tlo ©
friri
32
N
=)
=2
i

o

&9
of g AARAGEATe} dA8A e
Z, FE 3|44 "gEo] 0.1 o3t HF=
Ho| oM E FHAAAGe] dojt AE F<l
F 9ow, ol A HIFE AEur L
AL BIAA Fuh olie] AzE Fields
Backofen[1]0] #]Qt3F Ao FdiA

o et o2

]

o

2z
M
ud e

2
)
(o
ke
ot
o _ o

r
S M
1

ok Y O o ol oMy (R L

s
oo
ol
ok,
<

lo
4y
O%
o
ol
o
2
>
ﬂu‘
e o g
=
)
u
)

(1T
—
2

fo g
ko
o
£

>
i
i

ofk
>
o
ol
o
f
By
£
olo
.IIIE{

Alloy718& HIE™ W
FE 4T AFAEe
R B h= i BT

=2 5 gtk
(1) HEH AFelM 78 &
TeRE e st & e 4
3 Ayet o7k YERY. HE
AHEAHEEHE A RF7] SN
FEE H2 HHo wPEE NGEAFE
o] A&sfor Tk
2 AHE 7HAE Alloy718% ©]-&3}4]
°]

oo
v
o ¢ &

flo ot
M
Y

:J_‘
i
Sat
Rl
oo
_:11,
R

o JIE
rE
ofk

oo
I
rx

Jdo
b
o0
- & A8
o rE Kool

BN
=
N

R AdI 38 X[/H 153 M35, 2006/595



e FAFAAE FHHEA] dojyde A&
gelg = gk ol ASHFAAME ot
Zol oo AN 2 2dd e AdIE
2 FHAAA ] dolvte AL YEdY.

() ¥MER AE B ¢HE AR A
1 ARYE A7 mAsEgich A
£

AA

=70

AA

=70
A 1339 w2 W wFEom
Y 371 HEYE YoM BEE
Alg g HEd Ho E7]) uio

=]
Rl
=]
o

2 Hi

3)
j=3
&

REEEEE

FAENH,

596 /Bt=Ad 713 8EX|/M 153 8%, 20064

(1]

(2]

[4]

[5]

o2

#uLES
D. F. Fields, W. A. Backofen, 1957, in Proceed. of
the 60™ Annual Meeting of the American Society
for Testing and Materials, Vol. 57, pp. 1259~1272.

S. C. Shrivastava, J. J. Jonas, G. J. Canova, 1982,
Mech. Phys. Solids, Vol. 30 (1/2), pp. 75~90.
§¥7], 2001, T2UEFAE7] R 2 F97
719 A, 7Y oldrls R HF
Ba1A,

S. L. Semiatin, J. J. Jonas, 2003, G. E. Dieter, H. A.
Kuhn, S. L. Semiatin(Eds.), Handbook of workability
and process design, ASM International, pp. 94~96.
H. S. Kim, 2001, Mater. Sci. Eng. A, Vol A299, pp.

305~308.



