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ABSTRACT

Powder metallurgy nickel based superalloy has been used in a high temperature part of turbine
engine for airplane. The fatigue crack growth behavior was investigated using CT specimens for the
materials at room temperature(R.T.), 600C and 700C. The direct current potential drop(DCPD) method
suggested by ASTM E647 was used to measure the crack length during fatigue crack growth at
various stress ratios. The fatigue crack growth rate at R=0.5 was faster than that at R=0.1 for all
temperature conditions and increased with the increase of stress ratio and temperature. Fractography

was conducted for analysis of fracture mechanism.
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A 71, 2dddEEs Y2dE A Table 1. Mechanical properties of the material.
7399 99 1olA Eq. 49 2] Paris'§ 3 :
. 0940-: d /dA? A[]( 194 itznio ;] uraEr}l;H: Temp. | 0, | 0 |Elongation| RA.
5] __ 3
o ya a, gl =1 — =2 T (QC) (MPa) (MPa) (%) (%)
At R.T. 1,186 1,537 21.6 21.6
600 1,129 1,414 121 12.8
da " 700 1,120 1,393 20.5 11.3
W_ C(AK) (4) *Reduction of Area
71M, C & me APANA AR A8 T
Folt. 2dn FAANASES S to)Asy R 5
sol WAL G o) Fei HEol HHo \@ gf ¥
= 4% 4 vk 2 -2 1 2
¢ 16,28
O F
3. AZ L Al
o 38,4
31 Mg 2 A1EH 48
FHols ZUEdES UAS 71X (matrix) E
AHgEtE Aese 2uz AAetn AR A Fig. 1 Configuration of test specimen.
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AANDE FAss] AP AN ASTM Bety & BoW ARBS Fu % A 27 AR}
A fAst AFsAT Fig. 12 HHE TLE W AFRE, AFEAC FHSA A
914 (compact tension) A1#He] FFL LyER g 4 & Ao|th Eq. 5+ ASTM E6470 A Al
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2 3, 93 F P I (sine wave), JEAH
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Fig. 2 Schematic diagram of direct current potential
drop system.

Fig. 3 Insulation apparatus for DCPD.

7] 918t U EFE2 Inconel6255 ©]
o AZsAh Fig. 25 AF A g
Ay NEFEE veEd Aolw, Holy
7], AAATF=2 FA4HT} Fig.
Ehd Aot AAXF= HA
W] Z2} o] E (bakelite) & AF8-3}, Al
== 2GS E 5 3T
b Al@Addle] dxdg
FE FIT F
ool A 10 Hz9
o4, $8H RS 01 2 050tk Y239
7] =< FHY 1200C7HA

.

A=

Lc=E =

erE 4T

= = =

41 F2FERANEE] $H] JF
Fig. 4= A2, 600TC 2 700ColA $-2u]
stoll 3 A2 IAANEE(da/dN) 9 ST
HAFH (AK) S BAE log Wl log HAEER
=G Zolth Fig. 4(a)9) oA Fzdd
AEEe 92 SHIQAFHE AN SHnH7t

Crack propagation rate, da/dN(mm/cycle)

Crack propagation rate, da/dN(mm/cycle)

Crack propagation rate, da/dN(mm/cycle)

100

Stress intensity factor range, 2K(MPavm)

(@) RT.

10

Stress intensity factor range, AK(MPayvm)

(b) 600C

100

Stress intensity factor range, 2 K(MPavm)

(c) 700C

Fig. 4 da/oN-AK curves at various temperature.
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Table 2. Material constants at various temperatures. 42 2FARAET H)X)E 5] 3
Temp. | Stress ratio(R) C m Fig. 5% A&, 600C 5 700C 01]_}\1 R
01 8.35x10°12 753 Hlo] wislo] tigt W FIIAANGE AHRE F
RT. 0.5 3.42x10™ | 233 st veEbd Foloh $HH 0144 A%
600°C 0.1 2.04x10™ 247 A7, S ASFHS7E 20 MPa-m'/?Y o 3
0.5 8'93)(10-_180 2.01 EFEAAEEE A2 9.7x10° mm/cycle,
. 0.1 1.14x10 1.68 ) ] ]
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1
Stress intensity factor range, 2K(MPavm)

Fig. 5 Results of da/dN-AK curves.
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Fig. 8 SEM images of fracture surfaces at 700°C.
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