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Fig.2 Results of a simulation example of

transient torque
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Fig.3 Logic diagram of fast torsional torque protection
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Fast torsional vibration protection for large steam turbine generator
ZHANG Qixue,MA Zhiheng,XIAO Peng,DU Chenggang, WANG Kai, YANG Yang,
ZHOU Rongbin, WANG Qiang, WANG Guang
(NR Electric Co.,Ltd.,Nanjing 211102, China)

Abstract: The transient torque amplification which may be resulted from series compensated capacitor
could lead to fatigue cracks in the shaft of a large steam turbine generator within 0.5 seconds,the conven-
tional torsional stress relay cannot work in time to protect in this extreme case. A fast protection method
is proposed, which takes the over-component of power frequency variation of current or active power as the
pick-up criterion, and the over-amplitude of fluctuation speed amplitude as the operation criterion. For the
turbine-generator units of the Power Plant M in XM grid of China,twelve cases are selected for time domain
simulation study. The simulative results show that the speed deviation amplitudes are obviously consistent
with the torsional torque amplitudes and they are approximately proportional. Finally, the speed signals of
the simulation cases are superimposed with on-sited measured speed noises, and then the protection algo-
rithm and logic are verified. The study shows the fast protection doesn’t operate when torsional vibration
is slight, but trips fast when torsional vibration is severe, so that the fatigue value resulted from shaft
torque amplification in the worst case will be decreased to less than 15%. It should be noted that the effect
of torsional vibration still exists after the generator is disconnected from the grid,and the protection setting
threshold should have sufficient margin.
Key words: steam turbine generator;subsynchronous resonance;subsynchronous oscillation; torsional vibration

protection ;transient shaft torque amplification;series compensated capacitor
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Table Al Calculation results of protection

A ) 20s I % 2 A4
H A A®amp max A®amp.max
[rad:s™) T gty
1 1244 0524 0820 0.356
2 0.139 0.047 0.061 0.026
3 2169 1086 1507 0.810
4 2523 1219 1641 0.863
5 0812 0.388 0.170 0.080
6 0.731 0310 0521 0.231
7 1985 0.884 0.868 0.435
8 3.289 1481 1426 0721
9 2.956 1217 2078 0.873
10 0.767 0339 0.263 0.146
1 3.429 1680 1610 0.848

12 4.695 2.252 2.018 1.052
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HE % Ph=350MW; #iliE DI B4 cos(pn)=0.85; #UE HLE U,=20kV; [F25 HIFT Xg=X=217%; B#AEHI$T X'=27.73%,
X'¢=38.63%: L BT X"=X"=19.03%; %€ F# ,=3000rpm.
(2) MARZHWE BL s,
& Bl REEEsh R EMMAENIE
Table B1Shaft inertias and spring constants
e AUTThE% X Agm? LRI (N-mrad™)

HIP 71.9 3392 HIP-LP: 9.153%107
LP 28.1 18915 LP-GEN: 1.186x10°
GEN — 74313 —

(3) [EAHBAIE.

MRS 1% 22.36Hz, 154 2 4% 29.54Hz.
(4) FBEHRSH

HiE A F S,=450Mvar; HL 54 EL Y 550kV-2>2.5%/20kV; FEHE % U =14%; S84Hi%ERT RN Yn, dil.
(5) KAl L0 43 B T 98 55 77 iih 2% G P61 B s o
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Table B1 Fatigue strain-life curves
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