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Abstract: The behavior of fatigue crack growth of nickel-based powder metallurgy superalloy that could be used
in aircraft turbine disc is investigated at room temperature, and 650°C considering real operating conditions. The
direct current potential drop(DCPD) method was used to measure the crack length of material in real time
according to ASTM E647. Tests were performed with various stress ratios (0.1 and 0.5). Experimental results
show that stress ratio, and temperature all affect the behavior of fatigue crack growth. As the stress ratio and
temperature increase, the fatigue crack growth rate of nickel-based powder metallurgy superalloy also increases.
Results were compared and reviewed with fatigue crack growth rates of other nickel-based superalloy materials
(Inconel-100) that were studied in previous papers. Fractography analysis of the fractured specimens was
performed using as SEM.

. M & e FHE 3718 45718 S8 45 5 A4

NelA dmeh B3 F A2ANY Az F R

L= e TdA 7 Bl o] &EHE dzle AE = 1L qete] shav) EMS FHAT O
= IEEN RS W A EEEN L g gy wgaA AsEd Hue neng
+ Corresponding Author, kimjhoon@cnu.ac.kr o] J}~E E E
]

= =
© 2017 The Korean Society of Mechanical Engineers fol=¢} =HALS 95 = g g




9 @mﬂﬁzﬂaffmxﬂ - 1}
ot JD&E@EAQ&% T B H NN RE YRR
5 %%%ﬁosww%iﬁ% %Wﬂ%%%%%%ﬂoﬂw
slel = S M e R 2 = PR o N /@
°l5 5 3 5 W B o 2 R oE T 110 e ooy X
1k P o n  Fage] CI- B A =
2 $5) Nromraoaljl)}iﬂ — B )= = T o gy
E S mPoEIXaYEL 0m LEXE_RmUY Y2
= = =T T & X o 1 = XKoX_ W WL <
..m 17 UMdl;o J— 0T - w.wf@lﬂdlilliﬁ,m_w m7
&~ ] = _Z‘.#\LIAT]HOYD 0ﬂy| H_o \ILI.% _A1J|:A \;Imﬂ Ot
95701 <=6 8 v r T g SN 0 Sy NE oo e o
m — W MOMO muﬂ —_— J— Lfo‘mu\mﬂﬁl ,._;OLAwHT EL‘ﬁl
S - 5 LAYy “mx, ED < - . = <
S dlolf]]z 5522022 = PETEET Y ouby®
w E|E|2|2 . i O I T BT A i e
- - S < sl 3 O I A B Iz E%%17M%Eﬂmﬁ o
= E|Z =N g8 nieEype wl R mEHT LT TR
- A - AR T g B Y B L S i A
3 &b qOIﬂ]mﬂMu}ﬂuwaﬂnﬂ ™ |_x1klﬂmeﬁo§_5§1m_ o = o) o
= 178 = ) I m ] i) bW = . ok = ) = N TH _ E.Tl
Jolo IO HLﬂiSoo]mﬂ T % Mn R o —_— =
bl < | WL . 3 W S
5|2 TR B B X o Moo A B zoow Wb
. » | 8097 — —~XT P TN T T K 3 Meoxe oA %W o 2
81Elels ST IR TR R R O N N
W E|E Rl Mo fn 7 o TR . i S e m o wwmT o
= 2% 23 R T A AR St of W E T TR
~H el= - TE N RS N T oo
Q'3
. —_— =} OgéaE._]LL.o,l I
s | = TR T IOK T AN R X P
w2 |F oy o] m =) i) Tl B BT T R W T _
—_— Z]L 4~ Aeweoﬁ T T G0 o _
2 IR TEREEEIDIIELREEEER TR TR e T
T S ﬂwaftwwﬂ#% gwuxﬂmmﬂwﬂ%%ﬂ&%%wm%ﬁfwwgmAﬁwﬂ %
. s Xy, M — A TR AR =B mE T o
i 1M V]mﬂldrﬂﬂ nhlwlwmn,m_ﬂ.mmo ?&@ﬂ@@%ﬂﬂ%%%EmogML =
TN o B g, O o K S o U do T R pn o o5 B oo ) BT =
boo3lalglel wEEREoTReRTOL EemER Ry PREE T AT Ry TR
* E|EE= S S R & o B et T EARMT Ry R
=g~ dﬂﬂv . Iy ol o ol = ) HE,_,:.T,H AN Mtdl A < 2 o = " .ﬂﬂﬁ e oW T ol
2 ﬁ%%ﬂﬂ%mﬁﬁ_ow_ﬂcmm+éoLmL%ﬂMmTo%mm@ﬂﬂr%.oﬂmﬂu.@ﬁ@%mﬂau R
© ol ﬂm —— ] ' ~ iy B = el
§ Q%H@nmﬁgg1ﬂ@m%ﬂ&yw@amwﬁﬁﬂ@qqmqﬁwgHﬂﬁ@ z
= PR g L X825 R Mg _dnrang® 2F
= ﬂ@%%d.c,_iﬁl ) wE N o R o B = w2 M s R —
Hin oz ‘ldl] _ﬁ X E_H - — = _— i _— X
ol awiﬁana%nwmmavg%ﬁqu%ﬁaamwa%@wmQMMW%m -
g PP Faop L ® NN TERR om0 TR U TG
e o w2l 5 04mNp %ﬂ%%%%%ﬁ#%A%Mﬂiww;wﬂ i
53 ﬁe%ﬁﬂ%ﬂ;iﬁ%gi%%@%%%%a@%&%%??%MﬂYﬂﬁﬂﬂ%_ﬁiﬂ.%
- = B o o —~ ) F ) « JEAY
el @@%z@%@@%;%o%%&@mwwmo%%%; N
N %M eazl_q_olﬂokiaﬂgég ﬁm ﬂ%ﬂm}.,sl i _z_ﬁo#%m]ﬂimnﬁ?ﬂwﬂlﬂi_ﬁ_:ﬁl
Q EL AN ﬂﬂﬂ%#mﬂdrﬂ%uuo o= <o R’ Jﬂmaﬂ,ﬂGmEﬁﬁlﬂm 153
o M BT ) o M2 W N T BO B TR o = rE Br ©
R e A e KT T T B Qe o of R X m T e ™oy g g
S NdTF ol W e Bo wu o o
Ao~ o e W o o o RO X



o7l HRl g

DCPD Method
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Fig. 2 Schematic of DCPD Method
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Table 2 Material constant at room temperature
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Table 3 Material constant at 650C

Temp. (°C) Stress ratio C m Temp. (°C) Stress ratio C m
Room 0.1 2.18x10™ | 332 650 0.1 1.47x10” 1.73
temperature 0.5 2.41x10"° | 1.86 0.5 5.20x10” 1.47
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Fig. 3 da/dN vs. AK curves at room temperature
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Fig. 8 SEM images of the fatigue crack propagation test
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