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A Study on the Safety Estimation of Low Pressure Torsion mounted
Turbine Blade

Soon Hyeok Hong', Seok Swoo Cho™ and Won Sik Joo™”

ABSTRACT

The estimation of fatigue limit for the component with complicated shape is difficult than that of standard
fatigue specimen, due to complex test equipment. So, we substitute maximum principle stress from FEM results
for fatigue limit diagram made by standard fatigue specimen. Then we can estimate endurance safety of
component with high trust. The static stress analysis, the nonlinear contact stress analysis and the modal analysis
for turbine blade is performed by ANSYS ver. 5.6. The comparison of maximum static stress around hole with
maximum contact stress between pin and hole can make the cause of fracture for turbine blade clear. The
difference of fatigue limit between fatigue test by standard specimen and in-service mechanical components is
due to surface roughness and machining condition ectc. In in-service mechanical components, Goodman diagram
has to consider surface roughness for failure analysis. To find a fracture mechanism of torsion-mounted blade in
nuclear plant. This study performs the static stress, the nonlinear contact stress and the modal analysis on
torsion-mounted blade with finite element method and makes the estimation for safety of turbine blade.
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Fig. 1 Finite element modeling of turbine blade
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Table 1 Data for FEM simulation

Turbine ;
F Blade Pin Total
—
Node 11,235 ~ 11,235
Linear
Element | 13,412 . 13,412
—+ — |
Node 11,243 11,495 22,738
Nonlinear
Element 13,538 10,044 23,582
Element mode 3-D structural solid element
FEM program ANSYS Ver. 5.6

3 op
i} KL

Prism option

Element MN,O.P

coordinate 3
system K.L
¥ . J
R Surface coordinate X
X Tetrahedral Option

system

(a) 3-D structural solid element

Target segment

element
\:A Triangle
V.4 Y
X

(b) Interface element

Contact _——%

element

Fig. 2 Shape of 3-D structural solid element and
interface element
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Fig. 3 Boundary condition of turbine blade
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Table 2 Mechanical properties of 12% Cr steel

Yield Tensile | poisson's . Young's

Te{:np. strength strength fatio Elosng;tmn modulus

(C) | g,qMPa) | 0u(MPa) v | gGray
252 596 745 0.288 10.8 202

Table 3 General properties of low pressure turbine

Steam condition

Rotor
length
(um)

Inlet Outlet
Type RPM

Operating
temp.

(T)

Operating
temp.

(C)

Pressure
(MPa)

Pressure
(MPa)

Reaction and
Double flow
(7stagesx2)

1800 252 0.827 333 0.0051 | 11,200
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Fig. 4 Distribution of von Mises stress by linear analysis
under centrifugal force and torsional moment

Fig. 5 Distribution of von Mises stress by linear analysis
under normal working condition
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Fig. 7 Distribution of von Mises stress by nonlinear contact
analysis under normal working condition
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Fig. 9 Goodman diagram for turbine blade by linear
analysis results
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Table 4 Natural frequency of turbine blade (unit: Hz)
rad/s) 0 | 50 | 100 | 150 | 188.4 | 200 | 250 | 300

Mode
Ist(BY1) 642 | 827 | 1193 (132.5] 140.9 {14351 154.1 | 166.0
2nd(BZ1) 93.4 | 106.4 [ 123.4]161.9] 194.5 1204.3 | 246.6 | 288.5
3rd(LL1) 1120 115.7| 137.8 [ 174.6 | 204.3 | 213.4(252.3]291.3
4th(T1) 148.8 [ 158.8 [ 183.3 | 216.3 | 244.9 |253.9 | 293.9 [ 336.0
5th(BY2) 171.7 | 199.4 [ 262.8 [ 337.8 | 396.4 | 409.3 | 433.3 [ 455.7
6th(BZ2)  [|226.0 | 248.2 | 301.6 | 367.4 | 4038 |414.6 | 485.8 [ 529.5
Tth(T2) 299.7 | 324.8 [ 361.9 | 386.2 | 423.5 | 439.5]509.0 | 547.3
8th(LL2) 321.2|340.7 | 374.4 | 436.0 | 488.7 | 504.7 | 562.4 | 572.1
9th(BY3) 339.3 | 353.3 1423.4 [502.3 | 544.6 | 554.5[594.5|594.7
10th(Bz3) ||374.1|403.8 | 475.4 |547.2 | s66.5 | 572.7 | 609.3 | 0447

* BY : Bending mode,
T : Torsional mode

LL : Lead-lag mode
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