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Crydall ne Thermo V ico-Plastic Deformation and Damage
of Directionally Solidif ied Turbne Blade
ZHAN G Ke=shi*; YAN G Shi-jie, ZHOU Bai-zhuo®
(1 Department of EngineeringM echan ics,N orthw estern Polytechnical U niversity,
Xian 710072, Ching
2 A eroengine Institute of Shenyang, Shenyang 110015, China)

Abstract: A single crystalline thermo visoo-plastic constitutive model asciated w ith an it-
erative algorithm w as introduced They can be used to describe the stress-strain relationship of a
single crystal in an aniothemal process, and al® to describe the crystalline cregp and dan age of a
single crystal under slipping mechanisn. Thismodel and algorithm w ere goplied to the analy sesof
aniothemal visoo-plastic cregp and dam age of an air-cooled directional lidification turbine blade
taking into consideration of the column crystalline grain structure The analysis show that under
the condition considered in the present paper, the air cooled directional lidification turbine blade

isunder going a relatively low stress and the induced blade tip cregp elongation isnot more than
0.06 mm in 500 working hours
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3 Dz123.
Table 3 Viso-plasticity parameter sof sngle crystal gran of DZ129. under different tanperature

/ ©M Pa &M Pa ho/M Pa Y k q
330 365 907 1x 10 8 200 1

600 330 365 907 1x 10 ® 102 1
760 295 342 907 1x 10 8 16.6 1
900 120 160 3 590 1x 10 ® 12.62 1
980 62.1 82 5 600 1x 10 ¢ 12.2 1
1100 26 30 5 600 1x 10 8 11.5 1

4 DZz125.

Table 4 Damagemodel parameter sof single crystal grain of DZ123. under different tenperature

/ 600 760 900 980 1100
Ao/(sh) 50 000 000 5 000 000 196 000 36 000 36 000 36 000
1) 0. 136 0. 136 0. 136 0.12 0.1 0.1
5 FCC

Table5 Thedirectionsand planesof dip systensfor FCC shgle crysal

1 2 3 4 5 6
n (111) (111) (111) (111) (111) (111)
m [101] [110] [011] [011] [110] [101]
7 8 9 10 11 12
n (11 (111) (111) (111) (111) (111)
m [101] [110] [011] [011] [110] [101]
) 4 3
— (
)1 1 (
12 5
’ 2 4

14 820 r/min ABAQU S6 3
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Fig 1 Static tanperature distribution of turbine blade
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Fig 2 (a) Four pathsfor tenperature changing;, (b) The curvesof stressw ith strain for single crystal tensioned
in direction [001] correpponding w ith different tenperature paths
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Fig 3 Creep curvesof single crystal
(Tensoned in direction [001])
under different tenperature and stress
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4 (a) ; (b) —
Fig 4 (a) M ises effective stress distribution of the turbine blade; (b) TheM ises effective stress'time curve
for the point w here theM ises effective stress get maximum value
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Fig 5 (a) The effective cregp strain distribution of the turbine blade
(b) The effective strain-time curve for the point w here the cregp strain get maximum;
(c) The shearing strain on dlip systan-time curves
(The shearing strains are less than 10 *, except for the slip systen's, 4, 6, 10 and 12)
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6 (a) oo i (b) oo
Fig 6 (a) The distribuion of CRSS drop go on blade
(b) The curveof go with time for the point w here the CRSS drop go  get maximum value
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