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A Predicting Method of the Creep Rupture Life of Nickel-Base
Precipitation Hardened Superalloys from Chemical Composition
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Yukio NisurvaMma, and Shozo MATSUDA

Synopsis :

The program for estimating the creep rupture life at 900°C from chemical composition has been
developed on nickel-base precipitation hardened superalloys.

In this program, the steady state creep rate (és) and the creep rupture life (¢;) have been estimated
by Evang-Harrison’s and Monkman-Grant’s equations, respectively, which have been represented by

the following equations.

E.S=B'{(0—0'o)/00.05}“'5
log tr+m.log BQI=C -rrerecemceetreninatianns
o, @, and g4 o are applied stress, friction stress and 0.05% proof stress, respectively.
m and ¢ are constants for each alloy.

stant for all alloys.

B' is the con-
Gos Go.05s M and ¢ have been represented

as a function of structural factors calculated from chemical composition. Relationship between ¢, and
structural factors has been led by the theoretical analysis based on the dislocation theory.

About 809, of the experimental creep rupture lives have fallen within a factor of two of the esti-
mated lives at the various stress levels corresponding to the lives up to 104 h as for twenty eight alloys.
Especially, for cast alloys with higher y' volume fraction, the creep strength has been estimated

accurately by this program.
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t : Amount of ' (vol %)
Qs : Lattice constants of 2 (A)
47 Lattice constants of 2’ (A)
LMz [Qy - Q7] (A)
Cy;: Concentration of Ti in ' (al )
Cag: Concentration of A2 in @ (at%) ty I Creep rupture lite (h)}
Ny . Mean electron- vacancy number on(—ﬂ m,c : Constant

logty +m log £5=¢—--(2)

IOO . Friction stess (kgf/mmzl
Imms:o,os'/. Proot stress(kgf/mm?2)
O : Applied stress (kgf/mm?)

clrs I Steady state creep rale (%/h}
8’ : Constant (=9%/h)

Ny Mean electron-vacancy number of #(-}
A 1 Solubility index of 7 (-)
B : Solubilily index of #7(-) |

Fig. 1. Flow chart for estimating creep rupture
life from chemical composition.
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Table 1. Chemical composition and heat treatment. (wt%;)
Element
Alloy designation -
C Si Mn Cr Ca Mo Al Ti Nb B Zr Fe Cu Ni Other
Inconel 700(W)* 0.07 0.10 0.10 14.9529.103.28 2.53 1.97 — — — 0.17 0.05 Bal
MM 007(C) 0.09 0.35 0.01 8.16 9.71 5.82 5.91 0.62 0.004 0.0l6 0.040 0.05 — Bal. 4.33Ta, 1.5Hf, 0.03W
Waspaloy (W) 0.08 0.03 0.02 19.55 13.65 4.40 1.39 3.06 —  0.004 0..62 0.32 0.01 Bal. 0.004P, 0.008S
Inconel X 750(W) 0.03 0.20 0.35 15.31 0.84 — 0.97 2.27 1.0l — — 7.43 — Bal —
Udimet 500(W) 0.07 0.10 0.10 18.70 19.20 4.00 3.0l 2.99 —  0.004 — 0.16 0.10 Bal S
MM 004 (G)  0.03 0.06 0.01 12.33 — 3.89 5.65 0.42 (NOET2) 0.0100.080 0.12 0.03 Bal oo
Inconel 713C(C) 0.13 0.15 0.03 13.10 0.054.42 6.19 0.93 (Ng*;ga) 0.011 0.090 0.10 0.03 Bal. 0.0045
René 100 (C) 0.17 0.10 0.10 9.20 14.30 2.90 5.47 4.82 —  0.014 0.040 0.12 0.10 Bal. 0.84V, 0.001S, 0.01P
IN738LC  (C) 0.11 0.02 0.05 15.80 8.20 1.70 3.45 3.41 0.80  0.0l1 0.030 0.05 0.05 Bal. 0.0lP, 1.9Ta, 2.6W

* (W) : Wrought Alloy
Heat Treatment

(C) : Cast Alloy

Inconel 700 : 1180°Cx2h, A.C.+870°CXx4h, A.C. Waspaloy : 1 010°C X 4h, W.Q.+843°Cx4h, A.C.+760°Cx16h, A.C.
Inconel X 750 : 1 150°C X 2h, A.C.+845°Cx24h, A.C.+705°CXx20h, A.C. Udimet 500 : 1088°Cx4h, A.C.+843°Cx24h, A.C.

+760°Cx 16h, A.C.

IN738LC : 1120°Cx2h, A.C.+845°Cx24¢h, A.C. MMO007, MMOO04, Inconel 713C, René 100 : As Cast
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(a) Inconel 713C, (b) Inconel X750, (c) Inconel 700, (d) René 100, (e¢) Udimet 500,
() MM 007, (g) IN 7381.C, (h) MM 004, (i) Waspaloy

Photo. 1.
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Table 2. Structural factors of 9 alloys for deducing
cquations.

Alloy flay ag»’LéMN Nl ale Cri| v
Designation |fwi%] [[A] [[AY|(AY] ¥ | Y Cae|[A4

fnconel 700 | 300 B5769[35805100036|2.157 | 2.489{ 0.66 | 046 (0455 0169

MMOQ7 623 35846[35822[00024| 2082|2364 | 0.79 | 041 |0.091 |0407

Waspaloy 21.6 [35813|35904|00090( 2149 | 2353 | 0.80 | 087 | 1536 |02/18

Inconel X750,

6.2 35628[36039|00411| 1695]2261] 047 | 1.51 (2829|0I08

UdimetS00 | 34.1 35851 |35830i00020{ 23382.412 | 0.86 | 057 |0646|0i23

MMOO04 55.7 [35795/35800(00005( 2060 |2332| 0.82 | 0.38 |0057 |0496

Inconel TI3C] 585 3580635795 o0l | 2110 |2.337] 084 | 037 |0.068)a380

René 100 | 680 [35821(35791|00031| 2263|2383 | 0.72 | 042 |0425 0423

IN 738LC | 489 Fsaosiasess 00080{ 2.241{2331| 0.84 | 078 |0609 | 0311

N. B. : Values of r (radius of p’ particle) are experimental ones
obtained from results of TEM showing size, morphology
and distribution of 7’ particle.

Result of TEM showing size, morphology and distribution of y' particles,
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MR L o OEM BRI OWTIE, ThETR
HFEINTHEHON), GREEC RLEEY 51 54
BERX v WTFOREE (f) ThHs. Zofiic, &
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o' : Component due to dislocation structure of internal stress
[=aGb'p 1/20000ee ......(4)]

a9 : Component due to particle dispersion of internal stress
Range 1 : Low-stress range where dislocations surmount particles
by climbing motion. <gg=ag:eeeeeres G)>
Range II : Middle-stress range where particle passage occurs by
Orowan or cutting mechanism. < g9=0omaz=a0c1°(6)>
Range I : High-stress range where lattice mismatch between 7y
and 7’ increases and cutting mechanism doesn’t occur.
<‘70‘:b(a_UCZ)+aacl"""""“(7)>

Fig. 2. Variation of friction stress with applied stress.
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Fig. 3. Comparison of values calculated conversely
by Evans and Harrison’s Equation with experi-

mental values for friction stress (o).
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mental values of 0.059% proof stress.
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Fig. 11. Comparison of estimated values with ex-
perimental values of steady state creep rate.
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Fig. 13. Comparison of estimated values with ex-
perimental values of creep rupture life, on alloys
except 9 ones used for deducing equations.
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