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Clustering Study on Radial Axis Vibration of Steam Turbine under Different Loads

Based on K-means Method
Meng Keji
China Resource (Xuzhou) Electric Power CO.,LTD ,NO1.1Huarun Rd.Xuzhou 221142
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ABSTRACT: Radial shaft vibration of steam turbine is one of the most important monitoring and protection parameters in
thermal power plant, which directly affects the safe operation of the unit. There are many reasons for excessive or abnormal
vibration of turbine Journal bearing, such as forced vibration, self-excited vibration, etc. The change of operating conditions
will also lead to vibration. When the vibration exceeds the critical value, it will lead to emergency shutdown, even serious
consequences. Based on the importance of turbine radial axis vibration and the harmfulness of abnormal consequences,
K-means algorithm is used to cluster analysis and data mining of turbine radial axis vibration under different loads in order
to find out the correlation among them. K-means algorithm is an iterative clustering analysis algorithm. It uses distance as
the evaluation index of similarity, finds the internal structure of data object through a large number of data analysis, and
provides data reference and optimization decision for safe operation of units.
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Vibration data table under low load
MW (VB1X|VB1Y|VB2X|VB2Y|VB3X|VB3Y|VB4X|VB4Y |VB5X|VB5Y|VB6X|VB6Y |VB7X| VB7Y
200.0{ 1.3 | 5.5 [16.8|19.6|15.9|18.7|28.6|26.8|30.7|38.4|36.5(42.3|52.6| 35.9
192.4| 1.4 | 5.5 |16.4|18.6(15.9(18.6|28.6(27.0|30.6|38.2|37.5|43.2|50.2| 36.0
193.7| 1.4 | 5.4 |16.3|18.5|15.6(18.5|28.5[26.4|30.5|37.8|37.8|43.4|49.7| 35.8
198.3/ 1.4 | 6.5 |16.4|19.0|15.7|18.3|28.5{26.0{30.5|37.9(38.0(43.5[49.9| 36.1
193.3/ 1.4 | 6.9 |16.5|18.6|15.7|18.2]28.5{26.5|30.5|38.0(38.1{43.8(50.0| 36.4
198.9] 1.3 | 5.3 |16.6(19.0|15.8(18.0|28.5[26.9|30.5|37.8|38.1|43.7|50.2| 36.3
194.2| 1.4 | 5.4 |17.2|18.5|15.8|18.1]28.8(26.2|30.5|38.1|38.0(43.6|51.0| 36.4
189.11 1.3 | 6.3 |16.3|18.5|15.6(18.0|28.8(26.4|30.4|38.0(38.2[43.6(50.4| 36.6
189.3| 1.4 | 5.4 |16.7|18.4|15.7(17.9|28.6(27.0|30.4|37.8|38.1[43.7(50.2| 36.2
194.8/ 1.3 | 6.8 |15.9|18.8|15.6|17.9|28.6(26.4|30.4|37.8|38.0(43.4(50.9| 36.4
191.4| 1.4 | 5.6 |16.4|18.7|15.8(18.2129.0(26.5|30.4|38.0|38.1(43.3|51.5| 36.8
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191.5/ 1.4 | 5.0 [18.6(18.8|16.0(18.4(29.3|26.7|30.5(38.1|37.9[43.4|52.1| 36.9
193.1/ 1.4 | 5.0 |16.9|18.9|15.8|18.4]29.2(26.7|30.5|38.1|37.6[42.7|52.7| 36.7
193.8/ 1.4 | 5.2 |16.3|18.9(15.9(18.4]29.6(26.7|30.6|38.3|37.6[42.7(52.8| 36.3
191.9/ 1.4 | 5.1 |17.1]19.1]15.8(18.6(29.6(27.1|30.5|38.2|37.8[43.1(52.3| 36.5
192.8/ 1.4 1 6.3 [16.7(19.0|16.0(18.5{29.4|27.0]30.5(38.1|37.5[42.8|52.9| 36.5
192.9] 1.3 | 4.9 [17.7]19.2|16.2(18.5]29.5|27.4|30.4|38.3|37.2|42.8|53.4| 36.4
192.41 1.4 | 5.5 |16.2]|18.8|15.9|18.4(29.6(27.1{30.6(38.2|37.8[43.2|51.6| 36.1
195.7( 1.4 | 5.9 |16.5|19.1|16.2|18.4]29.5|27.9{30.5|38.3|37.8[43.3|51.8| 36.1
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Average vibration data table under low load

MW | VB1X |VB1Y|VB2X|VB2Y |VB3X|VB3Y | VB4X

VB4Y | VB5X | VBSY |VB6X| VB6Y |VB7X| VB7Y

193.7 1.4 | 5.7 ]16.7|18.8|15.8|18.3]29.0

26.8130.5(38.1(37.8|43.2|51.4| 36.3
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Class distance 1 table

VB1 VB2
VB3 19. 1 1
VB4 34. 7 14.7
VB5 43.5 23. 7
VB6 51.9 32.3
VB7 58.6 38.9
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Class distance 2 table

VB0 VB1
VB2 25. 1 20. 1
VB3 26. 1 19. 1
VB4 13.4 34.7
VB5 19.5 43.5
VB6 21.4 51.9
VB7 17.3 58. 6
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Class distance 3 table
VBa VBb
VB1 13.1 47
VB2 7 26. 8
VB3 6 27. 8
VB4 21.7 12.4
VB5 30. 6 7
VB6 39. 2 7.1
VB7 45.7 14.2
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Vibration data table under medium load

MW | VB1X|VB1Y |VB2X|VB2Y |VB3X|VB3Y |VB4X|VBA4Y |VB5X|VB5Y |VB6X|VB6Y |VB7X|VB7Y

259.0] 1.4 | 5.0 |18.8(19.3|14.8|15.7|28.6|26.8|30.1{40.5[37.0/43.9]55.8|33.1

258.41 1.4 |1 4.8 |16.9(19.0(14.9]15.8|28.8(27.1|30.3|40.5|37.3(44.3|54.6|32. 2

258.5| 1.4 | 5.6 |17.5(20.5]15.0(16.1(29.0(27.3|30.4|40.4|37.3]44.0|54.6|32. 1
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MW |VB1X|VB1lY |VB2X|VB2Y |VB3X|VB3Y |VB4X|VB4Y |VB5X|VB5Y |VB6X |VB6Y |VB7X|VB7Y
257.41 1.4 | 5.3(16.8(22.0(14.7|16.4|29.0|27.3|30.3{40.5|37.3]43.8|55.1(32.2
259.9] 1.4 | 4.6 [17.5]19.0(14.8|16.3|29.1|27.2]30.4|40.6|37.3|43.6|55.0(32.4
258.0( 1.3 | 5.4 (17.5(19.1(14.9|16.0|29.3|27.5|30.4{40.7|37.8|44.5|54.0|31.8
261.7, 1.4 1 5.8 [17.8]19.9|15.0(16.3(29.2|27.7(30.5|40.2|37.9|44.5|53.7|31.6
258.51 1.4 | 5.5 [17.7]120.2|14.8(16.2(29.3|27.6(30.3]40.5|37.0|43.5]55.5|32.4
258.5( 1.4 |5.3(16.6[{20.8(14.6|16.4|29.3|27.4]130.2{40.6|37.1]43.5]56.0(32.8
257.8( 1.4 | 5.3 [18.3[19.3(14.8|16.3|29.4|27.5|30.4{40.4|37.3|43.7|54.9(32.3
257.71 1.4 1 5.8 (16.8|19.9(14.5]16.3(29.2|27.7]30.4|40.5|37.5(43.8|55.1|32.3
261.4| 1.4 1 5.8 [16.7|20.3(14.5[16.4(29.4|27.7|30.4|40.4|37.0(43.6|55.7|32.5
258.41 1.4 1 5.0 (17.0]|20.8|14.6(16.5(29.2|27.5(30.2|40.4|36.7|43.0]56.7|33.1
256.8| 1.4 | 5.6 [17.2]19.4(14.5|16.229.3|27.0|30.2|40.5|37.1|42.9|56.5(33.4
260.4| 1.4 | 4.9 [17.5]18.9(14.5|16.4|29.3|27.6|30.4{40.5|37.3]43.9|55.5(32.8
258.91 1.4 | 5.1 (16.8|20.2|14.8(16.3(29.6|27.5[30.4|40.2|37.2(43.6|55.5|32.7
259.71 1.4 15.0(17.8120.4(14.6(16.3(29.5|27.6(30.4|40.4|37.4(44.0|55.3|32.7
253.11 1.4 14.9[18.1|120.5(14.6(16.0(29.9|27.8|30.3|40.3|37.3[43.8(55.6|32.7
259.3| 1.4 5.9 (17.4]19.1(14.6|16.129.7|27.8|30.3|40.3|37.1|43.1{56.3(32.9
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Average vibration data table under medium load

MW | VB1X |VB1lY|VB2X|VB2Y |VB3X|VB3Y | VB4X | VB4Y | VB5X | VB5Y |VB6X | VB6Y |VB7X VB7Y‘

258.6] 1.4 5.3 [17.4]19.9[14.7]16.2]29.3]27.4] 30.3 [40.4|37.3] 43.7[55. 3] 32.5 |
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MW |VBlX VBLlY [VB2X |VB2Y |VB3X |VB3Y [VB4X (VB4Y |VB5X |VB5Y |VB6X [VB6Y |VB7X |VB7Y
293.6| 1.3 6.0| 18.6/22. 1 16.4| 17. 2 28.5 26.8| 30.6| 39. 1| 41. 1| 49. 5| 34.9| 30.0
293.9| 1.4 5.3/ 19.1]21.9|16. 1| 16.8| 28. 3| 26.4| 30.4| 39. 1| 40. 1] 48.7| 37.1| 31. 4
293.7 1.4 6.3|18.9/22.516. 1| 17.0 28.5| 26.4| 30.5| 39. 2| 40. 4| 49. 1| 35.9| 30.9
296. 3| 1.3| 4.7/ 22.1124.9[16.5] 17. 1| 28.7| 26.7 30.5| 39. 3| 40. 8] 49. 9| 34. 9] 30. 2
294.8| 1.4 4.9(19.0]23.0[16. 3] 16.7 29.0| 26.9| 30.6| 39. 3| 40. 7| 49.6| 35.2] 30.5
295.8| 1.4| 5.4 18.9/22.0[16. 3| 16.6 29.1| 27.01 30.7| 39. 2| 40.7 50. 2| 35. 1| 30.5
295.6| 1.4 5.3| 18.1]21.9|16.5| 16.4| 29.2| 27.0] 30.6| 39. 4| 41. 2| 50. 3| 34.6| 30. 1
295. 3| 1.4] 5.7/ 17.921.9|16.5| 16.6| 29. 1| 27.6] 30.7| 39.2| 41. 3| 50. 1] 34. 3| 30. 1
295.8| 1.4 6.0[19. 1| 22.4|16.9| 16.6| 29. 2| 27.1] 30.8| 39.0] 41. 2| 49. 7| 34. 8| 30.4
295.0 1.4 5.1|20.5|24. 5| 16. 8| 16.6| 29.4| 27.5] 30.5 38.7| 41. 1| 48.9| 35.7| 30.4
295.8| 1.4| 5.4 19.0]22.6|16.5| 16.4| 29.2| 26.7 30.6| 38. 6] 40.6| 48.9| 37.0| 31.1
296.0| 1.4 5.2| 18.822.116.6| 16.5 28.9| 26.9 30.6| 38.9| 39.9| 48.8| 38.1| 32.0
296.9| 1.4 5.6|19.5|23.9|16. 8| 16. 4| 29.0| 26.9| 30.6| 39. 2| 40. 3| 49. 4| 37.6] 32.0
295. 7| 1.4 4.8| 18. 1| 22. 6| 16. 6| 16. 3| 29. 3| 27. 1| 30. 5| 39. 1| 40. 8] 49.9| 35.7] 30.9
295. 8| 1.3| b5.6|18.8|22.0[16.4] 16. 1| 29.4| 27.0] 30.6| 39. 1| 40.9| 50. 0] 36.0[ 31. 1
293.6| 1.4 5.7/ 17.8/21.7/16. 3| 16. 1| 29.1| 26. 8 30.5] 39. 0] 40. 4| 49.0| 38. 8| 31.8
294.7 1.4 5.3|18.6/21.8]16.5| 15.9| 28.8| 26.5 30.5] 39. 1| 40. 1| 48. 8| 40. 2| 31.8
295. 7| 1.4 5.5[19. 8| 22. 6| 16. 4] 16.0 28.6| 25.9| 30.5| 38.7| 39.9] 48.6| 40. 5 31.5
297.4| 1.4 5.4|18.6|21.9[16.6| 16. 1| 28.7| 26.4| 30.5| 38.7| 40. 1] 48.7| 40. 3| 30.5
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Average vibration data table under high load
Mw |VBlX VBLY [VB2X [VB2Y [VB3X [VB3Y |VB4X |VB4Y [VB5X [VB5Y |VB6X [VB6Y |VB7X VB7Y
295. 3| 1.4| 5.4|19.0]22.5| 16.5| 16. 5] 28.9| 26. 8| 30.6| 39. 0| 40. 6[ 49. 4| 36. 7| 30.9
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