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A Study on Failure Analysis of Turbine Blade using AFM and FEM

W. S. Choi, D. W. Lee, S. H. Hong(Graduated school, DAU),
S. S. Cho(Auto. Eng. Dept., SCNU), W. S. Joo(Mech. Eng. Dept., DAU)

ABSTRACT

Turbine blade has trouble of cracking at root region. Fracture surface of blade root is surveyed by SEM and AFM
to clear relation between fracture mechanical parameter and surface parameter (striation width and surface roughness).
Service stress is predicted by maximum height roughness R.. on fractured surface and stress analysis on turbine
blade. It is to thought that turbine blade is fractured by abnormal condition such as incorrect fittings between pin and
pin hole but isn't fractured by normal service conditions such as steam pressure, centrifugal force and torsional force.
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Table 1 Chemical composition of 12% Cr steel(wt.%)

C
0.21

Si {Mn| Ni Mo | V

0.3

Cr
12.0

P S

0.50{0.55{0.55 1.0 0.025(0.02

Table 2 Mechanical properties of 12% Cr steel

Yielding | Tensile

Temp. |strength | strength sSons Elongation Young's
. ratio o modulus
(C)| oy O y & (%) E(GPa)
(MPa) | (MPa)
20 670 790 0.29 264 203
252 | 596.3 | 745.4 | 0.288 10.8 202
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Fig. 1 Geometry and dimension of CT specimen
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Fig. 2 Schematic of Atomic Force Microscope
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Fig. 3 Relation between stress intensity factor range
AK and crack growth rate da/dN
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Fig. 4 SEM images of fracture surface under constant
load amplitude fatigue crack growth test
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(b) a=25mm

Fig. 5 SEM images of fatigue fracture surface at
turbine blade root

Crack growth direction
(a) AP=1.5kN, AK=25 MPaVa

Crack growth direction
(b) AP=7.6kN, AK=25 MPava
Fig. 6 AFM images of 3-dimemsional fatigue crack
growth pattern for 12% Cr steel
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Fig. 8 Relation between stress intensity factor range
and maximum height roughness

0.01

1E-3 |
- .
E
£ /
n:! "—//r_/l—./‘l”
2 .
% 164 | e
g
E
3
= 1E-5 |
1E-8 L

1
Crack length from pin hole a (mm)

Fig. 9 Relation maximum and crack

length from pin hole at fracture surface of

roughness
blade root

Fig. 10& CATIA Ver 5.42] Generative structure
analysisdl 1 QLT aRE o] 8o
R Baol=o that §H¥a4 A& vEpd Fo]
. aoA @ FHeAMY Hd 94 FHLE
Von-Mises 538 7]F02 S52MPaclt}. T3 Bl
Eelol=ol sty 2-8-3te HEgEHE ol o
Adg g vEY vhEE o7 nlEY o
22MPaolt}. wepA] | FHof g8 Hdg $H
of gk HAgHe] HiQl M= 0420t} o] gk
S JIFLE 12% Crddd did FHRYFH=E
Soderberg M =S A48 A7} Fig. 110tk 19 )



LE
w9 Heh
® 3 nveswt

Ioibe] wDE
+ AReNNE
b (Gl

T 30%e008

Fig. 10 Stress distribution around turbine blade root
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Fig.11 Sodberg's fatigue limit diagram
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Fig.12 Relation between torsional angle and maximum
Von-Mises stress at pin hole
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