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Abstract

The steady stress, modal analysis for the damaged blade was carried out to evaluate the integrity of LP 4

blade row. As a result, 4 dangerous modes for LP blade row were found in the interference diagram and it

was confirmed that the nozzle passing frequency has nothing to do with the blade failure. And then the

dynamic stress are analysed for the 4 dangerous modes. There are some points far out of maximum allowable

stress in the cover and tenon. Therefore the blade is not safe according to the Goodman judgement. So the

manufacturer have modified the design of cover and tenon. Until now, the power plant is being operated

without special problems.
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Table 1 Known parameters for LP4 blade row

Value
240285
0.1294
2741.9
0.0595
2620.0

Unit
Kg/HR
MPa
KJ/Kg
MPa
KJ/Kg

Items
Flow rate for LP4 row
Pressure before stage LP4
Enthalpy before stage LP4
Pressure after stage LP4
Enthalpy after stage LP4
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Table 2 Steady Steam Bending Force

Axial Force | Tangential Force | Resultant Force

(N/blade) (N/blade) (N/blade)
341.8 2573 4279
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: NODAL STRESS CONTOUR - EQUIVZ
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MIN= 9.86
MAK= 1223.03
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Fig. 2 Steady stress on the blade root
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Fig. 4 Steady stress distribution at the airfoil
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Fig. 5 Steady stress distribution at the tenon

NOBAL STRESS CONTOUR - EQUIVALENT

Fig. 6 Steady stress distribution at the cover
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Table 3 Natural Frequencies of Blade at 0 rpm

ND Freque.ncy(Hz.) ND Freque.:ncy(Hz.)
Tangential | Axial Tangential | Axial
No. Mode Mode No. Mode Mode
0 327.9 4744 | 6 330.2 505.0
1 328.2 4752 | 7 330.4 512.9
2 328.8 4777 | 8 330.6 519.5
3 329.3 48201 9 330.7 524.7
4 329.6 488.5 | 10 330.8 528.4
5 329.9 496.6 | 11 330.8 530.7
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Fig. 7 Frequencies at Orpm for LP4 blade row

Foeel hdAS B AAAE A
g weA weser gk Y A9 ReE
ahel wzr Sagel o8 FAH mEolh of
g MEESLS Table 40 AHeatom 1 Fo
7Hd e s EEE Fig 99 EAIEFATH

Table 4 Dangerous modes for LP4 blade row

. Order of
Mode # | Frequency(Hz) | Margin(%) .
excitation
12 354.9 0.27 6
42 5434 0.63 9
83 1026.1 0.59 17
173 1371.4 0.62 23
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Fig. 8 Interference diagram for LP4 at 3600rpm
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(a) Mode shape (b) N. D content distribution
Fig. 9 Frequency and mode shape of mode #83
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(c) Blade #3 (d) Blade #4
Fig. 10 Dynamic stress on tenons for mode #83
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Table 5 Data used for dynamic stress analysis

Excitation Nodal

Mode #|Freq.(Hz) .
Freq.(Hz) | Diam. No.

12 354.9 360 6
42 543.4 540 9
83 1026.1 1020 17
173 1371.4 1380 23
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Table 6 Maximum dynamic stress

Max. Dynamic
Mode #|Blade No.| Component
Stress(MPa)
12 3 Blade root 15.77
Cover/Tenon | 20.02/51.51
4 3 Blade root 14.02
Cover/Tenon| 7.51/17.97
%3 | Blade root 29.12
Cover/Tenon| 31.93/60.16
Blade root 3.29
173 2 Cover/Tenon 5.04/6.75
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Fig. 11 Redesign of cover
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