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ERH

X 4

RA oy MRE
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150kW 2 # 2 5 OOHWIIDWTIEEE L ET 5,
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5b5DTHb, iR EVHE SN TVWBEERY, Hro0
BROPELBEIE THFE SRS, HITREBOEN
R L o T L =B A I REIHH S h
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3. —ECAQHRBEDEREEHH
HAY—¥ VIZRBBRERZ B L2V 1 2 VgD
MExBERLT, y—EVBEAONRRE (TIT) @
ERAPHON TS, REF—EyOBHFkE -1
YHME D% R B X TBC (Thermal barrier coating)
DBEAHEIZINDELWTIT LRZWREE LTWA,
ZRHECBRBERE DS LR35 720 NOx HEid s L
RF Ve UTIZZ0 XS % TIT SiRfbicfEy, Hik
K NOx BREESF 2 SR L TV 2B 2 2817 5, MRBESHE IS,
g e ORI OVWTIRBEETRAINSL LB,

3.1 EERITXZ-EBRERBOBK

OOVEOREERTIX, GEHOVRAY -V % LB
ZCRALTWAY 1980 EERERAME T - 72 TIT
#%1090°C @ MS9001E Y (LLF%E, 9E %2 & &BE) H A% —
Y V3K NOx #REE2F DLN-1 %8RB L7 S OB
ERRMHEMFE TRBEZ X HR L CHBETREASR
ELTHYWERBRB CHEMREY EH S 7%

F# % FA #TiE TIT 232 N 1 1260C, 1288T &
oTwb, FHEEIOLIVETRBLTS GEHREN
HAI—=—ErD70~80%% 5 TWwW5b, FA &I
DLN-2#REESE 23R L TV 5, DLN-21£19944F 2 B »»
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Interface Construction for Thermal Stress Analysis in Virtual Turbine and
Stress Evaluation
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Virtual Turbine, Vane, Interpolation, Interface Construction, Stress Evaluation

Abstract

In order to construct a database of structural strength for a virtual turbine made of single crystal Ni-

base superalloy, an interface and a stress evaluation system were proposed. Then the thermal stress

and its properties of the 1400C virtual turbine vane were analyzed based on this interface and the

stress evaluation system. As the results, (1) the constructed interface with the quasi~three dimensional

interpolation by resolution of plane coordinates and interpolation in two dimensions is of both the sim-

plicity of calculation and wider use, and high precise. (2) It was shown that there existed the maximum

Von Mises stress at the fillet between the trailing edge and the end wall in the 1400°C class turbine

vanes. This is caused by the large curvatures and then the easy stress concentration in these areas. (3)

In the evaluation system, the evaluation parameters were visualized and the distributions corresponding

to the multi objectives of stress evaluation were made clear. Thus it is indicated that the present stress

evaluation system is effective one for the structural strength database of the virtual turbine.
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Fig. 1 (a) Analysis model, (b) inner construction and
(c) crystal directions of the nozzle.
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Fig. 2 Boundary conditions of vane.
(a) Inside cooling heat transfer coefficient, (b) inside
cooling temperature (c) inside metal temperature,
(d) outside metal temperature.
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Fig. 3 Interface construction
method. (a) Selection

of interpolation plane,
(b) detection of CFD
nodes, ¢ :the FEM

E2x

E2

node E, O : CFD node.
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Fig. 4 Interpolation method. (a) Four CFD nodes (@),
(b), (c) three CFD nodes, the E located in triang-
le inside (b) and in triangle outside (c).
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Fig. 5 (a) Main program, (b) interpolation subroutine of interface flow chart.
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Table 1 Ratio of errors between the present
interface and Franke et al. method.

Points Max Mean SD
25 1.82 0.67 0.98
33 1.05 0.67 0.94

100 3.36 1.22 1.98
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Fig. 6 Franke et al. interpolation model and its errors © .
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Fig. 8 Ratio of Von Mises stress normalized by proof
stress 0, for TMS-75 superalloy.
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(a) Temperature, (b) Von Mises stress in section and (¢) Von Mises stress in surface

of near the trailing edge, from the analysis results of TMS-75 superalloy.
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Fig. 9 Frequency distribution for ratio of Von Mises stress normalized by ,. (a) at various heights of
7 axis (for example, H10 indicates the nodes located on 0%~20% height) , (b) at various surfaces
(for example, InS indicates inside surface of suction side).
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Optimization of A Turbine-Rotor-Disk Structure for Inducing
Compressive Residual Stress around Center Hole by means of
Over Speed Rotation
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¥ —"J)— K ! rotor disk, reliability, optimization, residual stress, over-speed spin

Abstract

To improve the fracture strength and fatigue life, compressive residual stress is induced around the

center hole of turbine rotor disks by means of over-speed rotation. An optimum rotor—disk structure -

a reverse-tapered structure to induce equal compressive residual stress around the center hole - was

developed.

Over-speed rotational tests were performed on several rotor disks based on the optimum structure,

and the residual stress and radial residual deformation of the center hole were measured. Moreover an

elastic—plastic finite element analysis gave residual-stress and radial-residual-deformation values close

to the experimental ones.

Therefore, it is suggested that adopting the reverse-tapered structure can equalize the

residual-stresses on the surface of the center hole, and improve the fracture strength and fatigue life

of the center hole effectively.
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Fig.1. Initial shapes of rotor disks for optimization.
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Fig.2. Typical dimension of a rotor disk.

Table 1. Parameter of initial shape of rotor disks [mm].

No. Structure L1 L2 L3 Pa ®b
0 original 80 742 683 60 80
1 Ref5 96 742 683 60 80
2 Ref1 80 89 683 60 80
3 Ref4 80 742 82 60 80
4 Ref2 80 742 683 12 80
5 Ref3 80 742 683 60 96

Download service for the GTS] member of ID , via 18.117.103.28, 2024/04728.1



42 BEEICEAPOARY OREREL 9L E By

Lig-EXO-4271 A7BENREIL" BEAHZXZ—EFRE

|
l
R
\
|
~ Re

[Egi:fgij I
N B

verse—tapered

Von Mises equivalent stress(MPa)

|
|
5 6 4

Design Cycles

Fig.3. Process of optimization.

unequal deformation equal deformation

orlgmal shape optimized shape
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Table 2. Material properties of A5052.

Elastic modulus (GPa) 71
Poisson’s ratio 0.34
Density (kg/m?) 2680
002 (MPa) 103

o (MPa)

Stress,

Fig.5. Stress - strain curve of A5052.
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shape shape 1 shape 2
No. Name L1|L2]L3]| dal db

1 Jloriginal shape 80 |74.2]168.3] 60 | 80
2 lontimized shape 1| 60 | 80 | 80 | 60 | 80

3 Joptimized shape 2| 60 | 80 | 80 60 | 120
[mm]

Fig.6. Rotor disks for over speed rotation.
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Fig.8. Rotor assembly for over-speed rotational test.
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