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Detail-structure optimization of single crystal turbine blade under
the condition of geometric and dynamic' constraints
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Abstract:~Take the air inlet window of blade tenon as detail-structure optimization ob-
ject, the relationship model\ between maximum. cast residual stress and structure parameters
and temperature were established by the simulation of cast residual stress field of single crys-
tal turbine blade based on the‘recrystallization critical stress of DD6 single crystal superal-
loy. The detail-structure/optimization of air inlet window of blade tenon was studied under
the conditions of geometric and dynamic constraints. Finally, through the analysis and com-
parison with the actual air window of blade tenon, this method was effectively verified. The
results show that the maximum cast residual stress of optimized air inlet window of blade

tenon is completely reduced by over 20% , and the recrystallization is effectively eliminated.
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Fig. 1 Shape and size of the air inlet window of tenon
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Fig. 2 Structural diagram of the air inlet window
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Table 1 Optimization parameters of the corner radius of

air inlet window
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Fig. 5 Distribution of cast residual stress under different optimization parameters
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Table 2 Maximum cast residual stress under different

optimization parameters MPa
t/C
R/mm
900 1000 1100 1200 1300
0.5 463 324 191 154 34.6
0.8 427 292 164 102 21.4
1.0 398 272 124 109 16.1

1.2 363 202 112 58 15.0
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Fig. 6 Relationship model of the maximum cast residual

stress and the optimized parameters R, t

H T WAL S BN i K 3 R AR
ST HLAE L LU S DD6 45 5 I B A7 1 %t
Feardr - 25080 TSR « T R 5 H A B B K85
TR ST 01, B9 OC M 2 AT 260G 2R AN A
7 R,

HUILE Sk, Yk L Z % R=1. 2 mm B,
HMESK HE AR X Y R K AR R N ) el E
L PR R T AR 3 AL N B i 3R A T
I XY 5 3 BUR 5 A L R S U TR
I & BIZAAL S HCT EE 1 I e oK 5 1
BRI 715 DD6 FE45 fhil B 77 AE B 42 (i 22
ANt 25 MPa) . I 2 58 34 Sk iF S8 1 X 1
B LR (R<1. 2 mm) , B A AR L 45 1 3 5 4L
R=1.2mm.

Jio Mk %30 %
500
—&— R=0.5mm
~= R=0.8 mm
400 - —— R=1.0 mm
= R=1.2mm
£ 300} =
2
& 200}
100 +
0 ke 1 L L " 1 " 1 n |
900 1000 1100 1200 1300
H°C

B 7 mREERAN D SHRASE R R ML
Fig. 7 Relationship curves of the maximum cast residual

stress and the optimized parameters R, ¢

4 RIEIEIE

RS LA 4 SR X B B A AL . SR 5
HRAEAC PR T8 R B0, s T BE [ 18 200)
FERU AR GG, 228 15 I A b B S8 R i i 4
R B0 o P I KR T AT A O RS A A

AR W M Sk BT 1 A5 A R (AL
Ja R B R T AL B AR R I XA
RAPEE AL, E 8(a) iR 5 ZAH L L A 3k 3E
SUR SR AR AR R B 1 2 i Ak B
TEFESRT XU A R A 4, A8
PR Hh R 2 b7 ) PR b foRE, AN &L 8 (b) .

20 um

(b) AL RT(R=0.5 mm)

K8 DAk 5 HE Sk Rt 1 XA LU A
Fig. 8 Morphology of the air inlet window of tenon

before and after optimization



51

ZEiib e 2 JUM 5 3 1 AR S

FI8 B I S AR A0 AL 95

ZIIESS SRR WL BT DD6 P45 &I N )
(1R 45 K6 A5 O Ak BB T O R AR RORT AR 1Y 5 i i
D7 % RSB ME Sk PR T 11Xk o R A v ) Y
R AR P DD6 B 5 it 6 i 7 AF A i A2 v s 3
#J SSR.

5 & g

1) DANF kA5 145 i 0 i Sk afE SO 101 Sk 4l
ALK 4, 3 F DD6 45§ i S0 7 . 38 i
Ar IR A I AR AR B 05 B O KA TR
AL S50 R 200 T 09 8% 18 5% X L 1 4 i 5 3R
JEt RN T b R KRGS R RN T 60 s
5 R ¢ 1 R EAL

2) 0 90 UIE 3 B, 56T R A5 S SN T 1 4
P4 AT 7 vk 2 T A5 Y, Gl 2 i
A ST Sk AT 1 DXl i R A B D I T
A P DD6 B i 5 5 7 BIF ok R v B 0
ARERSR

SEHK:

(1] o, Ao, ] A, B0 R A0 I 5B 4 80 S5 465
FEL)]. Wiz 3 Ji 24, 2012,27(5) :1069-1073:
MA Jian, LI Shifeng, HE Ajjie.Platform crack-and recrys-
tallization of DD6 singlé crystal turbine blade[ ] ]. Journal
of Aerospace Power,2012,27(5):1069-1073. (in Chinese)
[ 2] Birgel R,Portelfa P D,Preuhs\]. Recrystallization insingle
crystals of nickel base ‘superalloys[ RY. Warrendale, PA:
The Minerals, Metals and, Materials Society, 2000,

TR, B R T, AL R A R A A 1 S
AL ], SR IE 2 422009, 21402) 1 23-27.

WANG Zhigang, ZHAO Jingchen, YAN Ping, et al. Re-

[3]

crystallization of nickel base single crystal superalloy[]].
Journal of Iron and Steel Research,2009,21(2):23-27. (in
Chinese)
[47] Bond S D,Martin ] W. Surface recrystallization in a single
crystal Ni base superalloy[ ] ]. Journal Materials Science,
1984,19(2):3864-3872.
[5] REAkE, ZE5mo, ML, B Ay 4 DD6 3% i 14 45 &

miRA

[7]

[10]

(1]

[12]

[13]

[14]

[15]

ALT]. BB TR, 2009 (3T 1) :110-113.

XIONG Jichun, LI Jiarong, LIU Shizhong. Microstructure
of surface recrystallization of single crystal superalloy DD6
[J]. Materials Engineering, 2009 (suppl. 1): 110-113. (in
Chinese)

Cox D C,Roebuckb. Recrystallization of single crystal su-
peralloy CMSX24[J]. Materials Science and Technology,
2003,19:440-446.

Salkeld R W, Windsor S, Field T T, et al. Preparation of
single crystal superalloy for post-casting heat treatment:
United States Patent, 5413648 P]. 1995-03-15.

Corrigan J, Vogt R G, Mihalisin J R, et al. Single crystal
superalloy articles with reduced grain recrystallization: Eu-
ropean Patent, EP1038982 A1[P]. 2000-09-27.

Okazaki M, Ohera I, Harada Y. Prevention of fatigue life
reduction relating to cellular microstructure in single crys-
tal Ni-base superalloy CMSX-4[ R]. Warrendale, PA: The
Minerals, Metals and Materials Soetetys2003.

HARAE S5, VR e RS I v J0 TG A T Tk oY
[ BRI IR B 5T, 2012, 25(4) . 19-22.
CAO_Zhiting, \GUO\, Wen, PAN Bifighua,/Study on the
method. of-desigh optimization of turbin€ blade cooling[]].
Gas Turbine Experiment and Research, 2012, 25(4): 19-
22:¢in Chinese)

Dobbs M, Felton 1. Optimization-of truss geometry[ ] ].
Journal Strict,1969,8(10):2105-2118.

Sheu-C+Schmit 27 Minimum weight design of elastic re-
dundant-trusses under multiple static loading conditions
[1]. AIAA Journal,1972,10(2) : 155-162.

Reinserts U T. A branch and bound algorithm for topology
optimization of truss structures[J]. Engineering Optimiza-
tion,1986,10(2) :111-124.

Kirsch U. Optimal topologies of truss structures[]]. Ap-
plication Mechanical Engine,1989,72(1):15-28.

EAd, FREKAR. 2 LU J) 29T 3% Sk R 45 40 3 P IR Ak i
LI BLBSR BE . 2003, 25(1) :55-57

WANG Jian, CHENG Gengdong. Topology optimization
design of the continuum structure for multiple loading con-
ditions with stress constraints[ ] ]. Journal of Mechanical

Strength,2003,25(1) :55-57. (in Chinese)



