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Creep Life Prediction of Aircraft Gas Turbine Material by ISM
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ABSTRACT : In this paper, the real-time prediction of high temperature creep strength and creep life
for nickel-based superalloy Udimet 720 (high-temperature and high-pressure gas turbine engine materials)
was performed on round-bar type specimens under pure load at the temperatures of 538, 649 and 704 TC.
The predictive equation of ISM creep has better reliability than that of LMP and LMP-ISM, and its

reliability is getting better for long time creep prediction(. 10°~10°h).
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Table 1 Chemical composition of material (wt. %)

Materisd C C Co Mo W Ti Al B Zr N
U0 005 18 475 3 125 5 25 003 0035 ba

Table 2 Mechanical properties of U720
(a) Room temperature

Tensile  Yield FElonga- Reduction Vickers
Material strength strength  tion of area hardness
0(MPa) oyMPa) &(%) ¢ (%) Hv
U0 1385 1025 10 119 466
(b) High temperatures ,
Temp. 38T 49T T

o6 6 € b o 6 € § 6 6 €
Materia (MPa) (MP) (%) (%) (MPa) (MP) (%) (%) (MPa) (MPa) (6) 04)

U720 12 100 19 M3 B9 W B M3 1B W Bl 18
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Table 3 Heat treatments of U720

Treatment Temp. X Time Cooling Hv
1106C x  4h Air cooling 429

Standard 60T X 24h Air cooling 45
70T X 16h Air cooling 466
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Fig. 1 Shape and dimension of creep specimen
(ASTM E139-83) (unit : mm)
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Fig. 2 Creep curves for U720 at 538, 649 and 704C
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Table 4 Data by creep test of U720 according to
standard heat treatment conditions shown in Table 3

Temp.  Stress thli‘:nh;re g;gla; cr;gtilate stastgagr{oep Sl;(r)atﬂl]
T oMP) tl) %) R W) en%)
130 283 10604 0623 018 17600
538 130 600 8415 029 016 17369
130 141 808 013 00 1797
100 46 2718 379 2184 1701
1025 93 1201 044 0284 11851
69 105 RO LB 0% 020 11919
1025 380 108 0401 0240 15237
%8 1098 052 018 008 12969
B 63 152 3080 1467 19402
™ 85 BT 0506 066 030 148
% 807 0Bl 010 0M7 1536
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Fig. 32 A X &8 ¢ (MPa)9} 27|9AE ¢0(%)%
o] FAE YErA Aot}

Y EA A9} o], FFo] F1E wet 27|AAE
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olge HFH JUFA AFHL g go] =&
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538T ; log 0 =0.131 log £0+3.012 (R>=0.99) (1)
649°C ; log 6 =0.092log £0+3.004 (R?=0.99) 2)
704C ; log 0 =0.088log €0+2.961 (R%=0.99) (3)

714 R*& dlolEe] Ar I=(curve fitting)ol Al
7]o] & (coefficient of determination)$ YElH, 2% |
of 7bA YelUdez2 A4 oi¢ ¥

ENONCERIESERESSECESELERE FX
J ool EAYL ¢ & UL, I RNE TheH
2ol =9s Ad 4 Ao ol& o A= ¢@ On
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logo = logA+B log ¢
= logA e

c=Aeg’ (4)
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o] 71 4],
logA = 0.012+0.007T—-4.1X10°T° (R®*=0.99)
B = 1568—0.003T+1.541 X 1057° (R?=0.99)

2000
A 538°C
e 649°C
s 704°C
©
[
2
o 100 [- .
900
800

Creep stress,
g g

g

400 1 1 1 L i L
1E3 0.01 0.1 1 10

tnitial strain. £, (%)

Fig. 3 Relationship between creep stress and initial
strain of U720 at 538, 649 and 704°C
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Fig. 4 Relationship between rupture time and initial
strain of U720 at 538, 649 and 704C
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Fig. 5 Relationship between creep stress and creep
life of U720 at 538, 649 and 704C
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Fig. 6 Master creep curve of U720 at 538, 649 and
704C
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Fig. 7 Comparison of creep design curves for U720
by ISM with those by LMP-ISM, LMP methods and
the empirical data at 538, 649 and 704C
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Fig. 8 Comparison of actual rupture time and
calculated rupture time for U720 by ISM at 538, 649

and 704C
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