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Strength considerations for concept design of turbine blade
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Abstract: Based on the importance of overall parameters for the subsequent detailed de-
sign, the potential problems of the strength in the concept design phase was investigated,
then the effects of design parameters, such as AN?, wheel speed., solidity of blade and per-
formance of the materials, on strength and life were studied. The results show that the val-
ues of AN? for the advanced turbofan aero-engine are within 25 m* « (r/min)*, the wheel
speed is related to disc shape factor which must be designed with 2, the solidity must be de-
signed to satisfy the strength of the fir-tree, and stress at the root of the blade must be de-
fined within 250 MPa to avoid failure from LCF (low cycle fatigue) and creep. These results

would be useful for the turbine blade design of advanced aircraft engines and gas turbines.
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Fig. 1 Relationship between the HPT efficient
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Table 1 AN? of the HPT blade for several engines
1 /mm /mm /(r/min) AN?/10" (m® » (r/min)?)
275 328 16720 2.80
320 364 14675 2.10
E3 (GE) 326 366 13948 1.70
1242 1433 3000 1.44
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Table 2 Safe factors of several typical locations for the fir tree areas of HTP
( )
1 //
88 3.39 2.77 4.4 2.42
63 3.94 4.06 6.17 3.35
72 3.74 3.94 4.62 2.82
3 1 N N
Table 3 Radius, number of blades,stress of the hub and speed of HTP blade of several engines
1 /mm /MPa /(r/min)
E3 323 76 223 13948
320 72 235 14675
1242 92 149 3000
( ) 269 63 243 16720
( ) 269 88 243 16720
b b
b b
2.4 ’
b
3 ,
b
b
. ., 1000h 0.2%
' ’ 80% H
’ b
s s 1000 h
1% ; 50%
3 s s
’
4 1
’ DD6 R
[10-11]
. b
’ . » 4
A ’ F119 1670 °C,
A GE90 1430 °C.
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2. 4.1 800~900°C, 1/2
(2), ) , 800 C
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Fig. 3 Allowable strength-to-weight vs. temperature
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for typical engine materials
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