574 ;& M 877 F (1991) 84 7

FHr X0 EElbsnTRTEBNY, 2RI S ML

© 1991 ISLJ

aawsme  RATTC X BEERAAT A —E LD
HHIHTII1011] %B‘%%ﬁ‘ﬂﬂ Nl ﬁmﬁ» 15’:3)‘{{“ /\/\ 0) F;}E]Y\'(

i EEY W H A e

Development of a New Ni-base Superalloy for Industrial Gas Turbine
Combustor by Statistical Alloy Design Method

Ichiro Tsudi and Kunio OKADA

Synopsis :

A new Ni-base superalloy has been developed for gas turbine combustor. In the first stage, multiple re-
gression analysis was conducted on the published material data of superalloys. The eatimation equations
were established to estimate the mechanical properties such as stress rupture strength and tensile prop-
erties, and physical properties such as density and thermal conductivity. Alloy design program by
statistical method was made to select the alloy chemical compositions which will satisty the requirements of
structural design. By means of this alloy design method, 22%Cr-8%Co-9%Mo-3%W-1%Al1-0.3%Ti-Ni base
alloy (% : mass%) was set up for combustor superalloy. The superalloy plates using these alloy elements
were manufactured by vacuum induction and remelting process weighing 2 000 kg.

The mechanical and physical properties were examined on those plates, and it is confirmed that these
estimated values by alloy design coincide with the testing measured values. As above test results, it is
considered that the statistical alloy design is useful for developing new superalloys. The new Ni-base
superalloy also has good workability, good mechanical and physical properties for industrial gas turbine
combustor.

Key words : Ni~base superalloy; alloy design; physical properties; mechanical properties; gas turbine;
combustor ; stress rupture strength ; workability ; regression analysis.
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1. Main fuel 2. Pyrot fuel 3. Premix combustor 4. Air for
combustion 5. Compressor discharge 6. Control linkage 7. By
pass valve 8. By pass air 9. Transition piece 10. Turbine

Photo. 1. Hybrid type combustor system.
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Fig. 1. Physical properties in design.
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Table 1. Examples of multiple linear regression analysis on mechanical and physical properties of superalloys.
p Regression Coefficient Statistics
roperties >
inter- . . Number | Coeff. F Signini-
cept Cr Ni Co Mo Nb Ti Al Fe |ofData | Deter. | Value flgant
o +* +* + * + + +
Stress Rupture| at 922°K | 4549 | 247 294 | 8.67 60.50 | 110.97 | 48.20 53 0923 | 7700 | 1%
Strength for - + + + ¥ + +
at 1005°K | 3545 | 2.87 299 | 8.00 21.45 | 7065 | 36.62 56 0930 | 10724 | 1%
3.6 x 1095(mpa)
. - + + + + + +
at 148K | 6782 | 2.52 075 | 4.00 7.87 | 2085 | 21.41 a0 0913 | 4771 | 1%
il Tensile + + + + + + + +
Tensile {MPa) 35458 | 053 | 054 | 212 | 17.20 93.77 | 168.76 | 45.60 52 0.926 | 66.82 1%
Properties at . + - - + + + +
Yield (MPa) | 23002 | 636 | 2.15 8.01 101.93 | 156.06 | 33.14 52 0.880 | 55.05 | 1%
922°K
Elongation | + - + + - -
(%) 31.18 0.21 0.24 0.72 3.08 8.09 52 0.611 11.79 1%
N . + - + + + + - -
Density (RT) (g/cm?) 7.850 |0.00091| 0.0095 | 0.0093 | 0.0238 | 0.0621 0.0300 | 0.1125 s2 | 0972 | 217.02 | 1%
Dynamic Modulus of + + + +
Elasticity at 1144°K (GPa) 118.22 0.40 | 0.87 1.92 36 0722 | 2768 | 1%
Mean Coefficient of Thermal | + - - - - - +
Expansion at 1144°K (X10/K)| 19.08 003 | 002 | 044 0.10 0.02 39 0.825 | 2546 | 1%
Thermal Conductivity at + + + + + - - +
1144°K (W/m - K) 077 | 022 | 028 | 037 | 046 059 | 043 | 0.25 30 0739 | 7.44 1%
Specific Heat at 1144°K + + + + - + N
(i/kg-K) 29622 | 4.40 | 266 | 3.29 .80 3.12 27 0.698 | 7.69 1%
600} .
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Fig. 2. Correlation on stress rupture strength for
36 X 10%°s at 1005K between observed values
(Literature data) and estimated values (Regression
Analysis).
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Fig. 3. Correlation on mean coefficient of thermal
expansion at 1144K between observed values
(Literature data) and estimated values (Regression
analysis).
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Fig. 4. Correlation on Ni-base superalloys
between Cr content and Al content.
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Fig. 5. Flow chart of wrought superalloy by
statistical alloying design method.
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C:C RBECWEM L% LEL T 5 Ni Eil#GE
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Table 2. Examples of out put by statistical alloying design method for combuster superalloy.

CHEMICAL COMPOSITION PERCENT  TENSILE PROP. 3.6x10° NV CORR. DEN PHYSICAL PROPERTIES*
mass % TEMP. YS uTs EL. STRESS RUP. FACTOR TEMP. TEP DME TCD SPH RATIO
CR NI o MO W NB TI AL FE K MPA MPA P.C. TEMP. MPA VALUE G/ICC K 10E-6 GPA W/MK JKGK
2200 56.70 8.00 9.00 3.00 0.0 030 100 0.0 RT 4799 866.4 501 922 3183 213 0.0 854 922 147 1698 215 553.5 54.980
922 3200 708.4 47.6 1005 1933 -1.737 1144 15.6 1487 25.8 6347 48.580
1144 286.0 4109 66.0 1148 73.6

Note : * DEN : Density TEP : Mean coefficient of thermal expansion TCD :

Thermal conductivity DME : Dynamic modulus of elasticity

SPH : Specific heat RATIO : DMEX TEP X SPHXDEN+TCD
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Table 3. Chemical composition of superalloy for combuster.

Element (mass% ) Density
ftem c Cr Co Mo w Ti Al B Ni Si Mn s | (X10%ke/m®)
A | 00 B4 &8 M 0h bk i B she spo ool s
Alloy B 0.08 21.6 8.3 8.9 2.8 0.36 1.04 0.003 Bal. <0.05 <0.05 0.004 —
Note : * Alloy A : First trial charge ** Alloy B : Example of production charge
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Fig. 6. Tensile properties and estimated value of
new superalloy. ‘ '
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Fig. 7. Stress rupture strength and estimated
value of new superalloy.
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Fig. 8. Themal conductivity of new superalloy..
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Fig. 9. Mean coefficient of thermal expansion of
new superalloy.
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Photo. 2. Macro-structure of cross section of
tight bend test piece.

Photo. 3. Microstructure of new superalloy.
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Photo. 4. Out view of trial manufactured
combuster transion piece.
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