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Creep Properties of Aircraft Gas Turbine Materials in relation to Heat Treatment

Yu Sik Kong” * Sae Kyoo Oh™ - No Kwang Park™
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Abstract

In this paper, the creep properties and creep life prediction by Larson-Miller Parameter
method for Udimet 720 to be used for aircraft gas turbine engines or other high
temperature components were presented at the elevated temperatures of 538, 649 and 704°C.

It was confirmed experimentally and quantitatively that a creep life predxcuve equation at
such various high temperatures was well derived by LMP.
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Table 1 Chemical composition of material(wt.%)
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Table 2 Mechanical properties of U720
(a) Room temperature
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Table 3 Heat treatments of U720
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T Temp. X Time | Cooling Hy

BT x  4h Air cooling Hv 429
Standard 60C X 24h Air cooling | Hv 4%
760C X 16h Air cooling | Hv 466
Exposed 80T x 1000 b Air cooling Hv 44
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Fig. 1 Shape and dimension of high temperature
tensile and creep specimen (ASTM
F£139-83)
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Fig. 2 Creep curve for U720 at 538, 649 and704C
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Table 4(a) Data by creep test of U720
according to standard heat treatment
conditions shown in Table 3

Rupture Initial | Total creep| Steady state .
Temp,| - Stress time strain rate creep rate Total stren

T [otMPa) | &) | eo%) | éd*h) | 0% &%)
1390 283 | 1064 | 0623 0.183 17640
538 | 1370 600 | 8415 | 0289 0116 | 17369
1350 | 1341 | 8093 | 0134 0.062 17979
1100 46 | 218 | 379 2184 17.201
1025 203 | 121 | 040 0.284 11851
649 | 1025 380 | 1173 | 03l 0.260 11919
1025 380 | 1086 | 0401 0.240 15237
980 | 1098 | o0s62 [ ous 0.068 12969
%0 63 | 1502 | 3080 1467 19.402
875

7%

704 2.7 0.506 0626 0.320 14831

80.7 0.231 0.190 0.047 15.306

Table 4(b) Data by creep test of U720
according to exposed (800TC X 1000h)
conditions shown in Table 3
R\{pmre tital strain Total creep | Steady state
time rate creep rate
T | oMPa) | & %) 'l R (%)
1350 148 8.093 1.032 0415 15.269
538 1330 | 413 | 69% 0.452 0.245 18.656
1300 | 695 | 6355 0.306 0172 | 2119
1100 16 | 2557 | 14115 | 7788 | 22584
1025 8.3 1.560 2472 1.344 20518
105 | 1.399 2083 1070 | 21872
296 1.206 0.607 0.351 17979
933 0851 0.167 0.074 15.608
42 | 0980 4119 2007 17.301
704 730 | 457 | 07% 0.267 0.137 12,222
630 90.7 (.658 0.109 0.055 9.852
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Standard heat treatment :
538C; log 0=0.027 log ¢ +3.162, (R%=1.00) (1)
649°C; log 0 =0.033 log & +3.030, (R>=1.00) (2)
704C; log 0 =0.052 log & +2.969, (R*=1.00) (3)
Exposed :
538C; log 0=0.042 log & +3.147, (R’=0.97) (4)
649°C; log 6 =0.043 log & +2.999, (R>=0.98) (5)
704°C; log 0 =0.070 log & +2.921, (R*<1.00) (6)
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Fig. 3 Relationship between creep stress and
steady state creep rate of U720 at 538,
649 and 704C
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Fig. 4 Relationship between steady state creep
rate and initial strain of U720 at 538, 649
and 704C

Standard heat treatment :
538°C; logé=3.299 log £0—4.104, (R*=0.89) )

649°C; logé=2.199 log 0—0.692, (R*=0.99) ®
704C; logé=1.749 log £0—0.126, (R*=0.98) 9
Exposed :
538C; logé=3.617 log e0—3.663, (R*=1.00) (10)
649°C; logé=4.250 log £0—0.751, (R’=0.99) (11)
704°C; log#=9.195 log £0—0.351, (R*=1.00) (12)
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Fig. 5 Relationship between total creep rate and
initial strain of U720 at 538, 649 and 704C

Standard heat treatment :

538%C; log ér=4.866 log £0~5.176, (R*=092) (13)
649°C; log €r=2.187 log £0—0.493, (R?=098) (14)
704°C; logér=1.439 log £ 0+0.205, (R>=1.00) (15)
Exposed :

538C; logér=5.077 log £0~4.602, (R>=1.00) (16)
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649°C; logér=4.089 log € o—0.446, (R>=099) (17)

704°C; logér=9.297 log £0+0.662, (R>=1.00) (18) -
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Standard heat treatment :

538C; log 0=—1876X10 logt-+3.170, (R=1.00)  (19)
649°C; log 0=—3606%10? logt,+3066, (R?=1.00) (20)
704°C; log 0=—6974%10° logt,+3.085, (RP=1.00) (21)
Exposed :

538%C; log 6=—2.302X102logt; +3.158, (R*=091) (22)
649C; log 0=—4.957% 10 logt-+3.080, (R?=097) (23)
704°C; log 0 =—8046x 10 2logt-+2.993, (R*=1.00) (24)
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Fig. 6 Relationship between creep stress and
creep life of U720 at 538, 649 and 704
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Standard heat treatment :

K1 =—16460.437, Kz=69312.765
Exposed :

Ki =—14267.868, Kz=620999198 AA4t=H,
LMPE thg3} e Hr}

Standard heat treatment :
LMP = T (logt,+20)

=—16460.437 log o +69312.765, (R*=0.99) (27)
Exposed :
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LMP = T (ogt-+20)
=—14267.868 log ¢ +62099.919, (R2=0.99) (28)
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Fig. 7 Master creep curve of U720 at 538, 649
and 704C
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Standard heat treatment :

LMP[T(logt-+ Cn1=K: log 6 + Kz
Cr=20, K;=—16460437, Kz=69312.765

Exposed :

LMP{Tlogt:+ C1=K; log ¢ + Kz
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Cr=20, K;=—14267.868, Kr=62099.919
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