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Creep Properties of Superalloy Udimet 720 in relation to Exposed
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Abstract : Gas turbine performance is highly dependent on the engine performance which is closely related
to the engine materials since they are exposed to severe working environments, ie. high temperature and
high stresses. For this reason, advanced materials with improved properties are required for the engine. The
purpose of this research is to develop key materials technologies for aircraft industry and to tester domestic
production of related parts. 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 the gas turbine engine
materials) was performed on round-bar type specimens under pure load at the temperatures of 538, 649 and

704°C.
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Table 1 Chemical composition of material (wt. %)

Matertial | C {Cr| Co |[Mo| W | Ti| Al| B | Zr | Ni

U720 10025 18 |14.75] 3 |1.25) 5 | 2.50.035{0.035 | bal.

Table 2 Mechanical properties of U720
(a) Room temperature

Tensile Yield |Elonga-| Reduction | Vickers
Matenial | strength | strength | tion of area | hardness
oMPFa) | 6 (MPa)| (%) ¢ (%) Hv
U720 1385 1025 10 11.9 466
(b) High temperatures
Temp. 3B 69T T
Prop. ol e e oo || dio|a || ¢
Trea \ | MPah| (NP | | (o) | (NP} Pa) | (%] | Pl | (MPa | (NPa| )| (%)

Standard | M2 | W00 | 19 M3 IE0 | O | 13| M3 12| 97| 181 185

Exposed | 1307 | 99 661 T8 139 | 8D | 217 | 18| 1167 &7 | 198 | 27

Table 3 Heat treatments of U720

Treatmelr)xrop Temp. X  Time Coohing Hv
1106 X 4 h | Air cooling 429

Standard 650C X 24 h | Air cooling 456
760C X 16 h | Air cooling 466

Exposed 00T X 1000 h | Air cooling 454
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Fig. 1 Shape and dimension of creep specimen

(ASTM E139-83) (unit: mm)
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Fig. 2 Relationship between tensile strength and

temperature for U720 at 538, 649 and 704°C
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Fig. 3 Creep curve for U720 at 538, 649 and 704°C
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Table 4 Data by creep test of U720 according

to exposed (800C xX1000h) conditions

shown in Table 3
T o[ oOPa | s | oal%) | R | ECR | ed%)
1350 | 148 | 8093 | 1032 | 0415 | 15269
538 | 1330 | 413 | 6935 | 0452 | 0245 | 186%
1300 | 695 | 6355 | 0305 | 0172 | 21195
1100 16 | 2557 | 14115 | 7788 | 22584
1025 83 | 1960 | 2472 | 1344 | 20518
649 | 980 | 105 | 1399 | 2083 | 1070 | 21872
%0 | 296 | 1206 | 0607 | 0351 | 17979
900 | 933 | 081 | 0167 | 0074 | 15608
875 42 0.980 4119 2007 | 17.301
704 | 730 | 457 | 0755 | 0267 | 0137 | 12222
680 | 907 | 0658 | 0109 | 0055 | 9852
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5387C; log o =0.042 log & +3.147,
649C; log 0 =0.043 log & +2.999,
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538°C; log o =0.029 log é ++3.131, (R?=0.94) (4)
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Fig. 5 Relationship between creep stress and
total creep rate of U720 at 538, 649 and
704°C
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Fig. 6 Relationship between steady state creep
rate and initial strain of U720 at 538,
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