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Development of Multiaxial Creep-Fatigue Life Evaluation for Nickel-Base Single
Crystal Superalloy Using Cruciform Specimen

SAKANE MASAO

20111130

Ni 1173K
YH-61

A method of multiaxial creep-fatigue life evaluation was developed for Nickel-base
single crystal superalloy in this study. Biaxial tension-compression creep-fatigue tests
with hold-times at the compressive peak strain were performed using YH-61 cruciform
specimen at 1173K. Effect of the stress multiaxiality on the creep-fatigue life was
discussed and crystal direction of the crack initiation was obtained experimentally. In
addition, three dimensional elastic-plastic finite element analyses with considering the
anisotropy of single crystal were performed to develop the creep-fatigue life evaluation
method under multiaxial stress states.

2008 2,100,000 630,000 2,730,000
2009 1,000,000 300,000 1,300,000
2010 500,000 150,000 650,000

3,600,000 1,080,000 4,680,000

(M
2




1500

3)
900
“4)
YH-61
(1) 1
YH-61
4 <110>
2
900
¢=$3/€1 &1
& 1 +1
N=Npg(4)
Nio g9
@) 10

1 +1 900

N=Nupg(Ats" (1
ty"
3) <100> <110>
Nﬂ)=AA€tm
(1)
N= Ads™f(a)g(PHt" )
f(a)
4)
(%)
3
Hill
(1) (2)

y -
‘ > X 210




(1)
3
PP
CH
y -1.0
$ 0 0
4 0.5
05 ¢ 1

log(N ¢ ) = log(N ;¢ )(~0.64> + 0.6¢ +0.45) (3)

-1.0 ¢ -05
3) -1.0 ¢ 1
10
(2)
4 Mises
<100>
2
<110>
<100>
Hill
Mises
5 Mises
2
Mises
6 Mises
5
2
Mises

Mises

107

T

T T T ;' T
é_____'-___~‘
/’/ 7
.
7 a
4 1 -

.// ._j_,; ___________ O
ty e )
Pt ’:i’__ ,,,,,,

o

. -

4 i PP, dg=048% |
l FP, I.r\:l.=lilﬁm|-
@ CH. 15,=080%

1 1 I i 1

S————— "
O 100> Smooth bar
& =110= Smooth bar
8 Cruciiorm

4 Mises

g
S
~

Mises

I10Y -

2x10° -

109

Sx10?

S S IS ey M — .

1 0 1

Ni

5 Mises

§
~

Mises

23107
107
Sxi0?

T T
O <1005 Smogth bar
®  Cruciform

- -

By -

10#

¢ 10? Iy

6 Mises



©)

¢=1.0

“4)

#0.5

#=1.0

Mises

¢=1.0
y
¢=0.5

(a) 46=0.6% ¢=1.0

(b) A6=0.6% ¢=0.5

YT (©) A6=0.6% ¢=-1.0
X

18

9Cr-1Mo

2011
Masao Sakane, Shengde Zhang, TeaJoon Kim,
Notch Effect on Multiaxial Low Cycle
Fatigue, International Journal of Fatigue,
Vol.33, No.8 2011-8 pp.959-968,

Ni



Vol.60, No.2 2011-2

pp- 94-101
Vol.60,
No.2 2011-2 pp.88—-93
9Cr-1Mo
A

Vol.76 No.768 2010-8 pp. 1059 -1067
Shengde Zhang, Takashi Wakai and Masao
Sakane, Creep Rupture Life and Damage
Evaluation Under Multiaxial Stress State for
Type 304 Stainless Steel, Materials Science
and Engineering A, Vol.510-511, pp.110-114,
2009-6,

Kwang Soo Kim, Rong Jiao, Xu Chen and
Masao Sakane, Ratcheting of Stainless Steel
304 under Multiaxial Nonproportional
Loading, Trans. ASME, Journal of Pressure
Vessel Technology, Vol.131, No.4, pp.
021405-1- 021405-8, 2009 -4,

Ni
Vol.58 No.2
2009-2 pp. 149-154
36
9Cr-1Mo
48 2010 12
2

Shengde Zhan
Nonproportional Low Cycle Fatigue Life of

Inconel718 Superalloy at Elevated
Temperatures, 7th China-Japan Bilateral
Symposium on High Temperature Strength of
Materials, 2010 8 23 | Dalian(China).
Keisuke Abe,
Multiaxial Creep Lifetime Assessment Using
Cruciform Specimen of Type 304 Stainless
Steel, 3rd German-Japanese Symp. on
Nanostructures, 3rd International Symp. on

Nanostructures, 2010 2 28 ,
Olpe(Germany).
59 2010
5 22
SUS304
47

2009 12 3

Mod.9Cr-1Mo
58 2009 5 23
SUS304
46 2008 12
4
Masao Sakane Low

Cycle Fatigue and Creep Testing Using
Miniature ~ Specimen, 5" International
Conference on  Creep, Fatigue and
Creep-Fatigue Interaction, 2008 9 24 |
Kalpakkam (India).

9Cr-1Mo

M&M2008
9 16

2008

M&M2008
2008 9 16

http://research-db.ritsumei.ac.jp/scripts/websearc

h/index.htm
(D
SAKANE MASAO
20111130
(2)
ZAHNG SHENGDE
00454520
(3)
YOSHINARI AKIRA
90505645



