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Effects of Contact Gap on Contact Properties of Turbine Blade
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Abstract: Considering the impact of crystal orientation of nickel based single—crystal and contact gap,
the rate—dependent crystal plasticity constitutive model was employed to calculate the contact stress and fatigue
damage under the temperature gradient load and centrifugal load for turbine blade tenon/mortise complex expo-
sure situation. The results show that contact stress of tenon/mortise mutated very obviously when the gap is less
than 3.7wm, but contact gap has less influence on the stress of tenon/mortise when gap is more than 5.4pum. Con-
tact stress and fatigue life are sensitive to the first tooth gap and vary greatly. The second tooth gap also has some
influence on contact stress, but the impact on the fatigue life is only obvious among the smaller gap value. Crys-
tal orientation also plays a relatively significant role on the fatigue life, showing the anisotropy of fatigue proper-
ties obviously.
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Table 1 Material constants of damage

Temperature/ C Ty
600 0.61
750 0.65
800 0.8
900 0.48
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Fig.1 The Geometry and finite element model of blade/turbine and the distribution of temperature field
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(b) Mortise

Fig. 2 Stress distribution under designed gap

Crack of trailing edge of tooth

(a) Crack in the basin of tenon

(b) Serration crack in shank region of tenon

Fig. 3 Serration crack and high-power appearance
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Fig. 4 Effects of contact gap on the stress
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(b) 2nd tooth gap is 5.4um

Fig. 5 Dangerous area transfer of tenon/mortise
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Fig. 6 Effects of contact gap on the fatigue life of tenon
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Table 2 Effects of crystal orientations on contact stress and fatigue life of tenon/mortise

Crystal orientation

(001] [011] (111]
Contact gap /pm
Tenon/mortise Fatigue life/ Tenon/mortise Fatigue life/ Tenon/mortise Fatigue life/

stress/MPa cycle stress /MPa cycle stress/MPa cycle

04 280/367 45208 288/350 72674 296/322 72886

1.2 293/383 32982 286/364 55617 296/338 49455

25 312/403 30637 284/379 54705 298/355 45043

SDV298 SDV298

+2.644x107 +4.171x107°
- +2.400x107 +3.800%10
+2.156x10- +3.428x107
+1.912x10- +3.057x107
+1.669x10- +2.686x107
-+ +1.425%x107 +2.315%10°°
+1.181x10- +1.944x107°
+9.368%10°¢ +1.573x107°
- +6.929x10°¢ +1.201x107°
+4.491x10°° +8.302x10°

+2.052x10¢ 7
-3.874x10”
~2.826x10°¢ l

Y X

(a) 1st tooth gap is 5.4pum
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(b) 2nd tooth gap is 5.4pum

Fig. 8 Dangerous area transfer of fatigue damage
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