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Fig. 1 Macromorphology (a) and fracture morphology (b) of tie piece boss of fractured final stage blade and upper surface friction trace of tie

piece boss of fractured (c) and unfractured (d—e) final stage blade
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Table 1 Chemical composition of fractured final stage blade

JRRAE %

i H

C Si Mn p S Ni Cr Mo \% Cu Al T N
MWAE 0.14 0.14 066 0.012 0.004 272 1157 164 034 0.10 0.005 0010  0.045

0.10~ 0.50~ 2.00~ 1100~ 150~ 0.25~ 0.010~
i <0.30 <0.020 <0.015 <015 <004 <002
PRI - - - 3.00 1275 200 040 - - 0.050
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Fig. 2 Microstructures near fracture area (a—b) and unfracture area (c—d) of tie piece boss of last stage blade: (a, c) at low magnification and

(b, d) at high magnification
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Fig. 3 Upper surfaces micromorphology of tie piece boss of fractured last stage blade: (a) at low magnification and (b) at high magnification
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Fig. 4 SEM morphology of fracture of tie piece boss of fractured last stage blade: (a) fatigue crack initiation, at low magnification; (b) fatigue

() R, S

crack initiation, at high magnification; (c) fatigue crack propagation zone, at low magnification; (d) fatigue crack propagation zone, at high

magnification; (e) transient fracture zone, at low magnification and (f) transient fracture zone, at high magnification

2 WREESH

H b B AS B6 25 5 AT, W7 R Gt A

RN DA 25 R Y g 2 N A i RAY I TN

QR SN U B g T S| BN TR S VST

ok, G R HEURIEEOR B s RJg 2ead B R

B L T B3R ke o AL T A4 T B A, 3 4 I
116

Fr LA B A8 T AR AT 5 ik T 2 18] A P
FESREGE . KR A BUR I A NI L —2
TR 5 AR o 2 T LR , 10 e 22, X
THE PR L . WREROR G B NI A T
F10 L 3 T A P S  fh EEARE A2 IR s A o
B H AL TR B RIMAEALE , 5 IEF RBEER
G P IR 15 L 2T I3 A B 2 fk e



YL EHH

MATERIALS FOR MECHANICAL ENGINEERING

RFR, F: 2L ASASMARE RS D SR RRA

B 5 EPRAREM FHA GRS RERXR EDS ST E
Fig. 5 EDS analysis positions of fatigue crack source of tie piece

boss of fractured last stage blade
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Table 2 EDS analysis results of different positions

shown in Fig. 5

\ RS/ %
(AL
Cr Fe C Al Si
1 36.18 1.71 7.40 49.85 0.97 1.15

2 21.77 17.59 60.63
3 7.57 12.24 80.20
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Fracture Cause of Tie Piece Boss in Last Stage Blade of Steam Turbine

Generator Unit in Nuclear Power Plant
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Abstract: The tie piece boss of the last stage blade of the low-pressure cylinder of a nuclear power plant steam

turbine generator unit was fractured after cumulative operation for about 72 months. The reason for the fracture of the tie

piece boss of the last stage blade was analyzed by macroscopic morphology observation, chemical composition analysis,

microstructure observation and hardness test. The results show that the fracture mechanism of the tie piece boss of the

last stage blade was fatigue fracture, and the reason for the fracture was that the poor actual matching state of the tie piece

bosses of the adjacent blades, resulting in uneven stress on the surface of the tie piece bosses and excessive local extrusion

pressure. This caused the tie piece boss to bear uneven contact friction during the rotation of the steam turbine generator

shaft, and under alternating loads, the fatigue cracks were initiated on the rough surface of the contact surface with the

maximum stress and propagated gradually, ultimately leading to local fracture of the tie piece boss.

Key words: nuclear power unit; last stage blade; tie piece boss; fatigue fracture; contact friction



