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Thermo-Mechancal Fatigue of the Nickel Base Superalloy IN738LC
for Gas Turbine Blades
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Abstract

A more accurate life prediction for gas turbine blade takes into account the material behavior
under the complex thermo-mechanical fatigue(TMF) cycles normally encountered in turbine
operation. An experimental program has been carried out to address the thermo-mechanical
fatigue life of the IN738LC nickel-base superalloy. In the first phase of the study, out-of-phase
and in-phase TMF experiments have been performed on uncoated and coated materials. In the
temperature range investigated, the deposition of NiCrAlY air plasma spraved coating did not
affect the fatigue resistance. In the second phase of the study, a physically-base life prediction
mode! that takes into account of the contribution of different damage mechanisms has been
applied. This model was able to reflect the temperature and strain rate dependences of
isothermal cycling fatigue lives, and the strain-temperature history effect on the
thermo-mechanical fatigue lives.
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Table 1: Chemical composition of the IN738LC.
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A7 NN F?: creep phasing factor, AH: ;%
activation  energy, R T 22, T:e% -
‘0effective  stress, oy ‘hvdrostatic stress,

K :drag stress, @, a»: scaling factors¢]th.

7+ &2 Fofl e WeEe o Tablemt 2o

g
Table 3 Materials constants for the fatigue damage 5
% 001
o, : I
E ofMpa) b es ¢ £
QMPa) ‘ :
178000 320 -002 01975 -065 ooy THLCLG Tros0C
10 100 1000 10000 100000
Table 4 Materials constants for the creep damage Nimher of rurle
Fig. 9 Comparison between simulated and
A m  AH (k]/mol); greer ‘ experimental LCF lives of uncoated
- _ IN738LC  specimens tested at
5510° 62 246.0 0.9 T=850°C.

Table 5 Matenials constants for the oxidation damage

a B "B(s) 8,GnsT"®) D,(m’ls) | QAI/mol) he(um)  £F |
matrix ¢ 150 | marix ; 12528 ’
y't3.72107% .y 5184

095 130 6.75107° . 2.16107Y 461.40 0.44

32. FHOE Aot

.. Fig 10944 = 942, Fig. 114 E 549 ¢
450CoNe neme #ug% d=8 Ane £ e O s
. . "~ Jddz AgEns 958 AowA B4 9y
Fig. 8% 23 80TIA9 1292 488 ¢4 o 1wl s . ao
3 ; 2 gdzo 02 FusA dART e A
J&3% @at Fig. 99 Qt} Aoz FAE Aol o ey
" - i - i
d2d ZAoln d¥AAE 7IEE EAH 3}
Y WHE S50 we $e HolE Holn
Atk
01 -
01 ; - Oran . Do e Py, 589
) e sim bation s¥ in rafe 0,008 14 T=400C : . zﬁmogc_m;.ﬂ;@
sim usadion strain rale 000005 14 T=427C O OP400-850C HIP0.2cpm (Take at al . 1988)
— — —- simudlion strasn rate G.005 1% T=427C & ° @wﬂ‘cHlemhlnMdﬁm(kmn1ﬁ1)
" o IF 400C HIP 20cpm (Take & ol 1996) S i
2 0 IF 427C 20cpm (Russel, 1986) =
e o o IF 427C 05cpm (Russell, 1986) E
& RN % oo1: o
= ~ 8 B h
2 o0 - £ : ® e
3 5 &
s :
IN738LC TMF OP 450-850C
I 0.001
0001 IN738LC LCF T=450C 10 100 1000 10000 100000
10 100 1000 10000 100000 Nurrber of cycle
Nurmber of cycle
. ) ) Fig. 10 Comparison between simulated and
Figz 8 Comparison between simulated and experimental lives of coated and
experimental LCF lives of uncoated uncoated IN738LC specimens tested
IN73815,C specimens tested at under OP TMF 450-850C.
T=450"C.

-192-



sim ualion IP 450-850C 0.2cpm
®  1Pas0-850C 0.xpm uncoated (Fieury. 19%)
A 1P 450-850C 0.2cpm coeed (Flaury, 1996)

% O IP400-850C HIP 0 2cpm (Take ot df. 1998
£ :
g i
2 0014 [
] i i
€ : °
£ :
P P
b3 L
—
IN738LC TMF IP 450-850C.
0.001
10 100 1000 10000 100000
Nurber of cycle
Fig. 11 Comparison between simulated and

experimental lives of coated and
uncoated IN738LC specimens tested
under 1P TMF 450-850TC.

4. 4 &

12 FUdq FFR = hxENe T
o= A2 INTBLC ABE l&stedl 271
dedds ne wNzdde Fdsn nedA
s We, 3dz 48 £4717E 03
SRa2Ee B Ag9 48% 23 R e
2ee At

o mgE s Pz EgRe d¥YeE ¥
e 2de oj83dtd 423 A nHE d¥
7 @714 HEAYE ZFAAN F AT glFel
w2t

AaEd

(1) Bernstein H.L., Grant T.S., McClung ~
R.C. and Allen JA., ’Prediction of

Thermal-Mechanical Fatigue Life for Gas

Turbine Blades in Electric Power

Generation”, ASTM STP 1186, 1993, pp.

212-238.

(2) Chen W. and Wahi R.P., 1998, "Creep
-Fatigue Behavior of Polycrystalline and

Single Crystal Nickel-Base  Superalloys
IN738LC and SC16", in proceedings of the
Conference Materials for Advanced Power
Engineering, Part 11, pp. 1069-1077.

(3) Fleury E. and Ha J.S.. 2000, "Comparison
of two Unified Viscoplasticity Models and
Application to the Ni-base Superalloy
IN738LC". International Journal of the
KSME, submitted to publication.

(4) Jaske C.E., 1976, "Thermo-mechanical.
Low-Cycle Fatigue of AISI 1010 Steel”, in
Thermal Fatigue of Materials
Components, ASTM STP 612, pp. 170-198.
(5) Karavaka M. and Sehitoglu H.. 1991,
“Thermo-mechanical Fatigue of Particulate
Reinforced Aluminum 2xxx-T4", Metallurgical
Transactions A, Vol. 22A, pp. 697-707.
(6) Lemaitre J. and Chaboche J.L..
Mechanics of Solid
University Press.

(7) Neu R. W. and Sehitoglu H..
"Thermo-mechanical Fatigue,
Creep, Part It A Study of Damage
Mechanisms, Part II: A Life Prediction
Model”, Metallurgical Transactions A,
20A, pp. 1755-1767.

(8) Nitta A.. 1993, "Study of
Thermo-Mechanical Fatigue of
Temperature Materials for Power
PhD. thesis, CRIEPI,

(9) Remy L. and Skelton, R.P., 1992
"Damnage Assessment of Components
Experiencing Thermal Transients”. in High
Temperature Structural Design. Mechanical
Engineering Publications, pp. 283-315.

(10} Sehitoglu H., 1992, "Thermo-Mechanical

and

1990,

Materials, Cambridge

1986,
Oxidation and

vol.

the
High
Plants”,

Fatigue Life Prediction Methods”, in
Advances in Fatigue Lifetime Predictive
Techniques, ASTM STP 1122, pp. 47-76.

{11) Shankar S., Keonig D.E. and Dordi
L.E.. 1981, "Vacuum Plasma Spraved Metallic
Coatings”. Journal of Metals. Vol. 33 (10},
pp. 13-20.

(12) Strang A. and Lang E.. 1982, "Effect of
Coatings on the Mechanical Properties of
Superalloys”, in proceedings of the

Conference High Temperature Allovs for Gas
Turbine, R. Brunetaud & Riedel. Eds.. pp.
469-506.

-193-



