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Vlbratlon Analysis of Steam Turbine-Generator Rotor System Using
Component Mode Synthesis Method
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ABSTRACT

A method is presented for the vibration analysis of steam turbine- generator rotor
system based on the component mode synthesis method. The motion of each component
of the system is described by superposing constraint mode associated with boundary
coordinates and constrained normal modes associated with internal coordinates. This
method using real fixed-interface modes allows for significant reduction in system model
size while retaining the essential dynamic characteristics of the lower modes. The
capability of this method is demonstrated in the natural frequency and unbalance response
analysis of the steam turbine-generator rotor system in which the dynamics of the
pedestal is considered. The results: by the present method are compared with finite
element method and transfer matrix method in terms of the accuracy and computing
time.
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Fig. 2 Modeling for steam turbine-generator
rotor system

Table 1 Specification of journal bearing

Table 2 Bearing stiffness and damping coefficients
at operating speed

Bearing Stiffness (GN/m) Damping (MN -+ s/m)
No. | ki By | kw | By | ca | €l € |
1 3451 -1291 0.042 | 0435 907 | 1.27 | -266 | 2.00
2 312 | -1.18 | 0.070 | 0.391 857 [ 120 { -238 { 188
3 868 | -314 | -0315 ) 1.140 | 1820 | 258 | -7.06 | 4.06
4 8771 -317 [ -0.322 | 1.150 | 1840 | 260 | -7.13 | 4.09
5 868 |-314( -0315 ] 1.140 | 1820 { 258 | -7.06 | 4.06
6 878 [ -317| -0323 | 1.150 | 1840 | 260 | -7.14 | 4.09
7 869 | -314| -0316 | 1.140 | 1820 | 258 | -7.07 | 4.06
8 869 |-314| -0316 1 1.140 | 1820 | 258 | -706 | 4.06
9 11.0 { -395| -0.483 | 1.460 | 2220 | 3.14 | -9.02 | 495
10 114 1-409] -0514 | 1510 | 22.80 | 3.24 | -9.36 | 510

Viscosity
Bearing [ Radius [ Length Clearance of Load
No. | (mm) | (mm) | ¥ | (mm) | wbricant | (i) | Remarks
(N - s/m2)
1 254 | 457 1 09 | 0.711 0.027 212
HP
2 381 | 457 | 0.6 | 0.914 0.027 366
3 381 | 559 | 0.73 | 1.100 0.027 775
LPA
4 381 | 559 | 0.73( 1.100 0.027 799
5 381 | 559 § 0.73| 1.100 0.027 728
LPB
6 381 | 559 | 0.73( 1.100 0.027 796
7 381 | 559 [ 0.73] 1.100 0.027 713
LPC
8 381 | 559 | 0.73; 0.871 0.027 604
9 381 | 610 | 08 | 0.762 0.027 | 1068
GEN
10 | 254 | 660 | 1.3 | 1.016 0.027 819

104/ 22 SXSSEEX/A 9 F A 2 &, 19999

( x : vertical direction, y : horizontal direction)

Table 3 Pedestal stiffness and damping coefficients
(ky = k=0, cy=cp=0)

Bearing| Pedestal | Stiffness (GN/m) |Damping (MN - s/m)
No. |mass(kg) kxx kyy Crx Cyy
1 15000 2.5 15 0.7 0.45
2 20000 34 15 06 0.40
3 20000 44 2.2 0.6 040
4 20000 44 22 0.6 0.40
5 20000 44 22 0.6 0.40
6 20000 44 2.2 0.6 0.40
7 20000 44 2.2 0.6 0.40
8 20000 44 2.2 0.6 0.40
9 20000 44 2.2 0.6 0.40
10 20000 6.0 4.0 0.8 0.50
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Fig. 3 An example of subsystem for turbine-
generator rotor system

Table 4 Natural frequency of steam turbine-

generator rotor system (N=1800 rpm)

Mode

Natural frequency (cpm)

Without pedestal

With pedestal

1st
2nd
3rd
4th
5th
6th
7th
8th
9th
10th

£93.937

882.887

981.909
1007.006
1079.197
1150.214
1663.494
1756.419
1887.945
1950.043

653.795
793.513
862.162
897.092
996.009
1086.273
1405.517 .
1429.520
1461.760
1614.858

Fig. 4 Natural vibration mode (N =

( *e : Horizontal, -

! Vertical)
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Table 5 Magnitude and phase angle of unbalance 100 :
Operating speed:
Unbalance
Rotor Magnitude Phase angle ~
Node No. (kg - m) (deg) g
11 0.3599 0 3
HP 41 0.3599 180 g
66 0.9684 180 — )
LPA 1 o7 0.9684 90 cor T v
126 0.9686 0 .
LPB | 157 0.9686 180 el o T T — T
LPC 186 09649 90 Rotating speed (rpm)
217 0.9649 180 (a) No. 5 bearing
249 1.1274 180
GEN ’ 100
273 1.1274 0 Operating speed
10 :
i,
g 2
z 10 | o1
: 3
g 0.01 )/ Major axis H
¢ ) ~ = - Minor axis
s 'F - !
é k, o .-kyx e e 200 7200 7500 2000
@ - Rotating speed (rpm)
o1l . ) P L (b) No. 9 bearing
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Rotating speed (rpm)
(a) Stiffness coefficients
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A R
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(b) Damping coefficients

Fig. 5 Stiffness and damping coefficients of No. 9
bearing
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Fig. 6 Mass unbalance response of steam turbine-
generator system
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Table 72 A 14Z7A S IA{HFF U
AMAZRE FEM % TMMY Asgs vlzsted o
B o yREY9Y9e R=FE AANARTZY
1723 1/4& A E Case 1% 29 A= Al
7 2z A9 019 %. 039 %ol3, AMATLLS &
AGEE A FEMY 9%F 21 %, 7 %= W5 &

Number of accepted mode 2 Aol Ajitel 7MsEE BRAFET orgy WY
alblcldaleltlelnli d99 REFE U8 ZaANIFE ASANTE I
A ZASFAT, AALAI FrrsteE RE Bl
No.of | 551 1 159]|1{50] 1591 ]60 : : .
elernent getd RERAY B84 A¥Age) MY 2 A"
ool 200] 4 |236] 4 |236] 4 |236| 4 |240 REFE SEAXYES ] Byl o8 A HojoF
— g Rojtt,
Case 1 1100| 4 [120f 4 ]120| 4 }120} 4 {120
Case3 | 20| 4 |20 41204 4 |20] 4 |20 Z7) - g Ar) o HAAA ABBAAN AT
Case 4 1301 3 130 3|30 3 |30y 3130 AxAze} v zstr] g8, SAESZ(N=1800 rpm)
Table 7 Comparison of natural frequency and computation time
( natural frequency{(cpm) / error(%) )
CMS (5 component)
Mode FEM TMM
Case 1 Case 2 Case 3 Case 4
1st 6927 | 6912 | 022 | 6930 ; 005 693.3 010 | 6955 i 042 | 698.6 0.85
2nd 883.2 876.8 0.72 883.2 0.00 883.1 0.00 883.0 0.01 884.3 0.13
3rd 9789 9757 0.33 979.0 0.01 9798 0.09 983.1 0.43 989.5 1.08
4th 1003.7 | 1002.0 0.17 | 1003.8 0.01 10046 { 0.09 10077 0.41 1036.8 3.30
5th 1076.1 | 10737 | 022 [10762 i 001 | 10769 008 |10796:{ 033 | 10890 120
6th 11489 | 1140.2 0.76 {11490 001 1149.4 0.04 {11508 0.17 11558 0.60
7th 16478 | 16794 192 116509 0.19 16542 1 039 116712% 143 1708.6 3.69
8th 17520 | 17387 076 | 17525 0.03 17547 1 016 (17631} 064 1896.8 8.27
’\931 18906 | 1903.1 066 | 18905 0.00 18899 i 003 |[18878i 0.14 19109 1.08
10tﬁ 19526 | 19677 0.77 | 19526 0.00 19520 ¢ 003 119499 0.13 1956 .4 0.20
11th 20273 | 2038.2 053 {20279 0.03 2030.1 0.14 (20352: 039 | 20936 3.27
12th 20378 | 20545 0.82 | 20377 0.00 20372 ¢ 003 |20389: 0.06 21479 5.40
13th 21545 | 21748 094 {21544 000 21540 i 002 |21526; 0.09 2167.0 0.58
14th 24736 | 2509.4 145 24743 0.03 24765 012 |24854 i 048 25943 488
Time(s) | 7640 6400 1646 550 268 303
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Table 8 Comparison of natural frequency
(N=1800 rpm, isotropic, undamped)

Natural frequency (Hz)

Mode
ABB FEM CMS TMM

Ist 13.63 13.68 13.68 13.60
2nd 25.75 25.93 25.93 25.84

3rd 26.52 26.71 26.71 26.67
4th 27.40 27.60 27.60 27.64
5th 35.55 35.55 35.55 35.96
6th 39.05 38.95 38.95 38.71
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