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Modes Bending 1 Bending 2 Torsion 1 Torsion 2
77.6 96.6 226 334
FrequencyResults.Freq.& Damp. HPIP-Shaft
MODE Freg. (Hz) Damp. (H2) Damp. (%)
1 0.627 0.516 63.558 rigid
2 78.255 175 2.235 bending
3 95.151 1.762 1.852 bending
4 168.805 1.219 0.722 bending
5 208.0 0.30 0.021 torsion
6 284.643 2.062 0.724 bending
7 344.509 3.307 0.96 torsion
mode ( ) #5
781 Hz mode 955 Hz
1% 10%
Polar Bode
ARMD Plot
ABAQUS
Polar BodePl ot Critical Speed
Brg.1 | Brg.2 Brg.3| Brg.4 | Brg. 5| Brg.6 | Brg. 7 | Brg. 8 | Brg. 9 Brg. 10
RPM | 1880 | 1880 1900 | 1320 | 1100 | 2400 | 1100 | 840 1780 1780
3200 | 1940 3160 | 2640 | 2520 2400
3180
1B 2B 3B 4 B 5B 6B 7B 8B
rpm 1043 1374 1445 1828 1879 2473 3174 3265
Gen. LP1 LP1 HPIP Ex. LP2 HP LP1
LP2 L2 Ex. Gen. Lrl LP2
LP2 Gen.




HPIP Brg. 1 Brg. 2 1828 rpm 3174

rpm LP1 Brg. 3 Brg. 4

1374rpm 3174 rpm LP2 Brg.5
Brg. 6 2473 rpm Gen Brg. 7

Modes Modal Testing Results
T 15.8
2T 30.3
3T 34.0
4T 41.0
# Bending mode
17.38 Hz
#5 Bending mode
HPIP 30.46 Hz
()
1
Spring(K) Dampingcoefficients (D)
#5
Professor Dr. Tsuneo Someya
Sommerfeld number S
Preload Sommyat able

Brg.8 1043 rpm 2473 rpm
Exciter Brg.9 Brg.10 1879 rpm
ADMD ABAQUS-B
15.8 155
30.4 30.0
354 34.6
46.5 39.9

Spring Dampingcoefficients

IJ 1N1L1D1R1W1Cp
(Viscosity)

Spring Damping coefficients

2D
Reynold equation
eccentricity
ratio
Spring Damping coefficients
AN
A =6p NRL/(pref* (C*)-------------------- 2
M ,NLRC
pref
Spring Damping coefficients
2. #5 K, D
Tiltingpadbearing #1-
#3 #1



BearingDiameter
BearingLength

Padangle

Pad PIVOTlocation fromL.E.
MachinedinRadialClearance C

= 3.55600E+02(mm )

= 2.28600E+02 ( mm )

= 5.00000E+01(Degrees)
2.50000E+01(Degrees)
3.50000E-01 ( mm)

Padthickness at pivot point = 5.08000E+01(mm)
SPRINGCoefficients(Newton/m)
Case KXX KXY KYX KYY
1 9.483E+07 4573E+01 1.720E+01 3.145E+09
2 7.954E+07 3.445E+01 1.440E+02 2.741E+09
3 8.685E+07 2.865E+01 9.021E+01 2.556E+09
DAMPING C oefficients (Newton* Sec/m)
Cae DXX DXY DY X DYY
1 1.279E+06 4.252E-01 3.476E-01 1.503E+07
2 7.115E+05 2471E-01 2.035E-01 8.079E+06
3 3.967E+05 8.782E-02 3.980E-01 3.973E+06
Casel Case2 Caxe 3 0.00962 Pascal-S Case2
1000 rpm 1800 rpm  3600rpm 1
0.0226 Pascal-S  0.01675Pascal-S
_ 0.01675*0.0001*22.86* 35.56*30 ,_35.56, > _
SomeyaT able Case #52 Case2
K,=0.2* (W/C)=0.2* (104200/0.035) pad 6pads
=5.9E5N/cm=5.9E7N/m Someya Teble Case#52 5 pads
L/D

K,.=7.2* (W/C,)=7.2* (104200/0.035)
=2.14E7 N /em=2.14 E9N/m
K,=K,= 0

PadAngle------------------
OrientationAngle---------

Applied LoadAngle ------

K, K,

xy

Elliptical bearing #4- #10
#4

--> 1.60000E+02 (Degrees)
--> 1.00000E+01 (Degrees)

-> 2.70000E+02 (Degrees)

Diameter

Axial L ength--------------

> 4.57200E+02 (mm)

-> 2.54000E+02 (mm)

Radia Clearance---------- > 2.55000E-01 (mm)



SPRINGCoefficients (Newton/m)

Case KXX

1 6.812E+08

2 6.783E+08

3 6.812E+08

DAMPING Coefficients(Newton*

Case DXX

1 3.445E+06

2 2.315E+06

3 1.400E+06

-3.603E+08
-2.137E+08
-7.812E+07
Sec/m)
DXY
-7.525E+06
-4.243E+06

-2.111E+06

-2.176E+09

-1.922E+09
-1.714E+09

-7.591E+06
-4.233E+06

-2.116E+06

4 586E+09
3.371E+09
2.435E+09

3.840E+07
1.893E+07

8.489E+06

Cael Case2 Case3 1000 rpm 1800 rpm 3600 rpm

0.01458 Pascal-S ~ 0.01336Pascal-S 001159 Pascal-S =~ Case 1 1
_ 0.01458*0.0001* 25.4*45.72¢16.67 , 45.72 > _
S 188300 (2%0.045) =0.0387
SomeyaT able Case#10

K.=2.0*(W/C)=2.0* (188300/0.045)=8.37 E6 N/cm=8.37E8N/m
K,=11.5*(W/C)=11.5*(188300/0.045)=4.81E7 N/cm=4.81EON/m
K,y=2.0*(W/C)=1.4*(188300/0.045)=5.86 E6 N/cm=5.86 E8 N/m

K,= 11.5%( W/C)=-6.7*(188300/0.045)=-2.80E7 N/cm= 2.80E9 N/m
Cae 1l Someya Table
Someya Table  2Dmodel L/D
® 499 BN 9 o NOEER ¢80
1. \"\.
mode
2 HPIP Bendingmode
(4660RPM)
3.
3 4. ARM Drotordynamicsanalysismanual
5. Collected Data on the Static and Dynamic
Characteristics of Plain Bearings (Someya
1995)
6.
1 #5 2001 (2002)-
) 7. Handbook of Rotordynamics- Fredric F.
2 #5 (2000 ) Ehrich



hlode |
hode 2
hode 3
hode 4
hode 5
hlode 6
hode 7
hode &
hode @
hode 10

Subsystem Modes

HPIP

LPA

LPB

Generator

Exciter

2068 1E+001 CFM
4,6606E+002 CFM
2, 7998E+003 CFM
1.0=7 1 E+004 CPR
1.7872E+004 CPM
2, 3253E+004 CFM
F0295E+004 CFM
4.0193E+004 CFM
2.0538E+004 CFM
£,2599E+004 CFM

HPIP

10 mode

Freq. (Hz)
1B 781
2B 95.5
1T 208.0
2T 344.0
1B 394
2B 65.6
1T 149.0
2T 182.0
1B 475
2B 76.9
1T 150.6
2T 2119
1B 35.71
2B 54.99
1T 161.5
2T 204.0
1B 67.85
2B 11351
1T 2245

2T 371.8

ModalTestingResults ARMD

Damp(%)

224
0.63
0.30
0.14

1.23
0.77
0.31
0.38

N/A
N/A
N/A
N/A

0.38
0.94
0.54
0.37

0.89
0.68
0.87
0.97

Made 1 7.1 146EA+000 CER
Mode 2 1. 3570EA+004 CFR
Maode 3 2.0022E+004 CFM
Maode 4 2.8331E+004 CFM
Mode 5 3 5266E4+004 CFM
Maode &6 4.Y220E+004 CFM
Made ¥ 6, 3260E4+004 CFM
Mode 8 B.Y317E4+004 CFR
Maode 8 7 2230E+004 CFR
Maode 10 2, 1645E4+004 CFM
HPIP 10mode
ABAQUS-S ABAQUSB
Frequency (Hz)
77.6 74.3 74.96
96.6 93.98 95.94
226 238.0 214.03
334 342.9 350.0
39.8 37.8 38.11
64.9 64.4 63.64
149.1 146.8 127.43
176.4 192.3 165.05
475 45.5 45.02
76.7 76.5 74.69
155.4 172.1 131.44
2215 219.4 217.45
36.9 35.9 36.5
54.7 54.2 54.9
170 156.9 159.0
211.8 205.1 208.4
70.1 68.6 68.8
106.7 105.5 106.4
213.0 226.3 226.0
393 386.7 384.7



#5 GEM.Mode (1043RPM)

(Fipronil) (Fenitrothion)
(Imidacloprid)

#5 HPP. Mode (1828RPM)

(

Copototermes
formousanus (Odontot-
ermes formousanus)

PvC
PVC



92

10

6259

1)




92 2 4

()

11,149,707,012 13,193,831,245 13,760,601,740
380,787,000 427,267,000 436,628,000
2,562,189,523 3,192,118,891 3,135,571,307
17,782,224 20,850,594 25,688,812
28,235,395 24,808,570 35,288,215
) 7,914,440,707 9,205,481,712 9,777,570,222
246,272,163 323,304,478 349,855,184
( 20
3.
4. =
1 N
2
2.83%
R” 2 4 ()
( )
() ()
2 7,914,440,707 314,954,060
3 9,205,481,712 372,744,744
4 9,777,570,222 400,818,472
92 2 4
() ( ) ( ) () ()
246,272,163 314,954,060
11,149,707,012 el 9%, 1,226,22 ,
9,707,0 i a3 561,226,223 5.03
13,193,831,245 | 323,304478 372,744,744 696,049,222 5 28
2.45 2.83
13,760,601,740 | 349,855,184 400,818,472 750,673,656 5 46
2.54 2.91
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kv

kv

kKVA
100k VA

ICNIRP
90 12

23
96
69kV 161kV 345kV
22 kv 69kV 161
11 kv n
50 100 167
8 25 50




