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A Study on the Natural Frequency Calculation of the Torsional

Vibration for Ship’s Propulsion Shafting with Personal Computer

Byung-Hack Park, Hyo-Jung Jeon
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Abstract

The calculation of natural frequency of rotating shaft is the primary and the essential

work in torsional vibration problem and it is very important to calculate it accurately and

concisely without difficulty.

The most ordinary method that has been used in calculating the frequency of

propulsion shafting is the Holzer method and that is also utilized nowadays with the

electronic computer.

Recently, many kinds of cheap personal computers are distributed in every fields of
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Fig. 3 State Vector in Multi-rotor System
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1) Sample A
Type
Number of cylinder
Cylinder diameter
Stroke
Max. continuous revolution
Max. continuous output
Mass system

No. Mass name
Cylinde
Cylinde
Cylinde
Cylinde
Cylinde 5
Cylinde 6
Flywheel
Propeller

B WD

L 3 OO W -

2) Sample B
Type
Number of cylinder
Cylinder diameter
Stroke
Max. continuous revolution
Max. continuous output
Mass system

No. Mass name
Flange 4 comp
Cylinder
Cylinder
Cylinder
Cylinder
Cylinder
Cylinder
Ch. drive
Turning wh.
Coupling
Coupling
Propeller

WO NN e W~
OO U W DN

[
N - O

gl

NIIGATA M6F 43CHS

6

430
620
275
1,600

Moment of inertia-
(kg cm sec?)
0.7570E + 03
0.7570E + 03
0.7570E + 03
0.7570E + 03
0.7570E + 03
0.7570E + 03
0.7650 E + 04
0.4781E + 04

mm
mm
rpm

bhp

Stiffness
(kg cm/rad)
0.7153076 E+ 09
0.7153076 E-+09
0.7153076 E+ 09
0.7153076 E+09
0.7153076 E+09
0.6807352 E+09
0,3364964 E-+-08

HYUNDAI B&W 6L 60MC

6
600 mm
1,944 .
110.2 rpm
12,060 bhp
Moment of inertia Stiffness
(kg cm sec?) (kg em/rad)
0.1798700 E4-05 01450000 E+ 11
0.8092100 E+ 05 0.1132000E+11
0.8092100 E4- 05 0_1132000E+11
0.8092100 E+05 0.1132000E+11
0.8092100E4-05 0.1132000E+411
0.8092100 E+ 05 01132000 E+11
0.8092100E+4-05 0,1132000E+11
0.3943100 E-+ 05 0_2098000E+11
0.2686200 E+ 05 0,3433900E+09
0.3539000 E-+ 04 0. 3954561 E+ 09
03859000 E+ 04 0_7424499E-109

0.3873610E+-06

HE AR ol $3 #ete
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1) Sample A®] K§RME

Transfer Matrix Method Holzer Method
Natural Frequency Natural Frequency
1 —NODE= 980549317 (rad/sec) 1 —NODE = 98.0550082 (rad/sec)
156059303 (hz) 15.6059425 (hz)
936 355819 (rpm) 936.356549 (rpm)
Relative amplitude Relative amplitude
1.0 1.0
0. 989824824 0. 989824808
0. 969578007 0. 969577959
0. 939465563 0. 939465469
0. 899793891 0. 899793737
0. 850966659 0. 850966432
0. 790561159 0. 790560844
— 2159493730 —2.15949784 0
9 —-NODE = 285.266464 (rad/sec) 2 —NODE = 285.266459 (rad/sec)
45.4015773 (Hz) 45.4015765 (Hz)
2724.09464 (rpm) 2724.09459 (rpm)
Relative amplitude Relative amplitude
1.0 1.,
0. 913879909 0. 913279913
0. 749056398 0. 749056407
0. 519724082 0. 519724098
0. 245633080 0. 245633105
—(. 0496118644 — (. 049611833
~0. 3553618020 — 0. 355361767
0. 0336455171 0.033644736
3 —NODE = 703.052828 (rad/sec) 3 —NODE = 703.052828 (rad/sec)
111.894356 (Hz) 111.894356 (Hz)
6713.66137 (rpm) 6713.66137 (rpm)
Relative amplitude Relative amplitude
1.0 1.0
0. 476096938 0. 476906938
—0.295652834 —0.295652834
—0.913558660 —0.913558660
—~1.053588290 —1.053588290
—0.642493195 —0. 642493195
0. 142632495 0. 142632495
—2.0604386 E—03 —2.06043862 E—03
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2) Sample Be] #R{k

Transfer Matrix Method Holzer Method
Natural Frequency Natural Frequency
1 —NODE = 24.8607941 (rad/sec) 1 —NODE=24.86079¢66 (rad/sec)
3.95671909 (Hz) 3.956719%5 (Hz)
237.403145 (rpm) 237.40317 (rpm)
| ORelative amplitude : ORelative amplitude
0. 999233308 0. 999233308
0. 993836432 0. 993836431
0. 984048593 0. 984048590
0. 969913036 0. 969913030
0. 951492215 0. 951492205
0. 928867517 0. 928867502
0. 908451327 0.908451309
0. 892974325 0. 892974303
~ 0. 095793379 —0.095793596
—0. 953849209 ~0.953849594
—1. 40781707 —1.40781755
2 —~NODE = 167.067909 (rad/sec) 2 —NODE= 167.06798 (rad/sec)
26.5896891(Hz) 26.5°96891 (Hz)
1595.38135 (rpm) 1595.38135 (rpm)
Relative amplitude Relative amplitude
1.0 1.0
0.965376034 0. 965376034
0.728407312 0. 728407312
0.346101926 0. 346101926
—0.105260014 —0.105260014
—0.535619777 —0.535619777
—0.859109126 —0.859109126
—0.975268360 —0.975268360
—1.006160330 —1.006160330
—0.696689850 —(.696689845
—0.253941054 —0.253941045
0.018723818 0. 018723827
3 —NODE= 323.840662 (rad/sec) 3 —NODE= 323.840662 (rad/sec)
51.540853 (Hz) 51.540853 (Hz)
3002.45118 (rpm) 3092.45118 (rpm)
Relative amplitude Relative amplitude
1.0 1.0
0. 869907131 0.869907131
0. 0511142871 0. 051114287
—0.805998061 —0.805998061
—1.058867490 —1.058867490
- 0.517922129 ~0.517922129
0. 411300568 0. 411300568
0. 885547245 0. 885547245
1.046004200 1.046004190
2.268218780 2.268218770
1.200739420 1.200739410
—(.022353634 —0.022353635
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Table |. Required Calculating Times

Vethod Calculating Time (sec) R )
t emark
e Sample A Sample B arks
Transfer Matrix 415 368
Holzer 518 572
Time Difference 103 204
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1-node 13-step calculation

P1 = 980550082

Plxx2 = 9614 78462

(1) (2) (3) 4) (5) (6) (7)

NO J JP™2 B JP"2B SUM( JP"2B) K SUM/K

1 757.0 7278391 E+06 1,0000 7 27T839E+06 7.278391 E+-06 7.1 E4-08 0,0101

2 757.0 7278391 E4-06 0,9898 7.20433E+06 1 44872E+07 7.1 E+4-08 0,0202

3 757.0 7.278391 E+06 0.9695 7.056% E4-06 2153969 E+07 7.1 E+o08 0,101

4 757.0 7.278391 E4+06 0.939%4 6 .83779 E4-06 2 837749 E+-07 7.1 E+08 0,0396

5 7570 7,278391 E+-06 0.8997 6 . 54905 E+4-06 3492654 E+07 7.1 E4-08 0,0488

6 757.0 7.278391 EH+06 0.8509 6 19366 E-+06 4 112021 E+4-07 6.8 E+08 0,0604

7 7,650.0 7 355310E+07 0.7905 5 84482 407 9 926841 E+07 3.3 E+07 2,9500

8 4,781_0 4 596828 E+07 —2.1594 —9 92684 E4-07 -9 _375000E —02

2—node 72~ step calculation
P2= 285_266459 P2xx2 =81376,9525
(1) (2) (3) 4) (5) (6) 7

ND J JP™2 B JP™2B SUM(JP"2B) K SUM/K

1 757.0 6160235 E+-07 1,0000 6_16023 E4-07 6.160235 E+-07 7.1E+08 0,086l
2 757.0  6.160235 E407 09138 5.62971 E+07 1.178995 E+-08 7 1E+4-08 0.1648
3 7570  6.160235E+07 0,7490 4.61436 E+-07 1,640431 E4+-08 7.1E4+08 0.2293
4 757 0 6,160235E+07 0,5197 3.20162E+4-07 1,960593 E4+-08 7 JE+08 0,2740
5 7570  6.160235E4+07  0.2456 1 51315 E+4-07 2111909 E4-08 7_.1E+08 0,2952
6 757.0 6.160235E+07 —0.0496  —3 05620E+06 2,81347E+08 6_8E+08 0,3057
7 7,65()_0 6.225336 E4+-08 —0.353 —2 2124 E4-08 —1.308992 E+4-07 3.3E+07 —0,3890
8 4,781,0 3.890632 E4-08 0.0336 1.30899 E+-07 4 218750E— 01

3—node 79-step calculation
P3= 703_052829 P3%x2 =494283 28
(1) (2) (3) (4) (5) (6) (7)

NO ] Jp™2 B JP"28 SUM(JP"2B) K SUM/K
1 757.0 3.741724 E+H-08 1.0000 3.74172E+-08 3.741724 E+08 7.1E4-08 0.5230
2 757.,0 3.741724 E+08 0,4769 1. 78445E4-08 5526178 E--08 7,1E4+08 0,7725
3 7570 3.741724 E4-08 —0,295 —1,10625 E+08 4 419927 E4-08 7.1E+08 0.6179
4 757 0 3.741724 E+08 —0.9135 —3.41828 E4-08 1,001642 E4-08 7.1E4-08 0.1400
5 757 0 3.741724E+08 —1 .0535 —3,94223 E+-08 —2.,940594 E+-08 7.1E+4+08 —0.4110
6 57,0 374174E+08 —06424  —2 44BE+08 —5_ 344626 E4-08 6.8E4+08  —0.7851
7 7,650.0 3.781267 E+09 0.1426 5.39331 E+-08 4 868865 E+06 3.3E4-07 0.1446
8 4,781 .0 2.363168 E+-09 —0,0020 —4 86916 E4-06 —2.982343 E+-02
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Holzer Table ( Sample B)

1—node 50-—step calculation

P1 =24 8607966

Pl %% 2 = 618059209

(2)

(3)

4)

(5)

(6)

(7)

NO | JP™2 B JP"2B SUM(JP™2B) K SUM/K
1 17,9870 1.111703E+07 1 0000 1 11170E4+07 1 11178E+07 1 4E+410 00007
2 80,210 5.00139%6E+07 0.9992 4. 99756 E+07  6.109265E4+07 1 1E+10 0.0053
3 80,9210 5.001396 E+07 0.9938 4 97057 E4+07 1.10783E+08 1 1E+10 0,0097
4 80,9210 5001396E+07 0.9840 4 92161 E4+07  1,600145E4-08 1 1E+10 0.014]
5 80 9210 5001396 E+07 0.9699 4 85092 E+07 2 085237 E+08 1.1E+10 0.0184
6 80,9210 5001396 E+07 0.9514 4 75879E+07 2 561116E408 1 1E+10 0.0226
7 80,921.0 5,001396E+07 0.9288 4 64563E+07  3.02679E4-08 1 4E+10 0.0204
8 39,4310 2.437069E+07 0.9084 2 21395E+07  3.247075E+08 2 0E+10 0.0154
9 26,862.0 1 660230E+07 0.8929 1 48254E407  3.395330E+408 3 4E-+08 0.9887

10 3,530 2.187311E+06 —0.0957  —2 09530 E+05  3.3932%E+08 3 9E+08 0.8580
11 3,85%9.0 2385090E+06 —0958 —227501 E+06  3.370484E4+08 7 4E+408 0.4539
12 387,361.0 2394120E+08 —1.4078 —337048 E+408 —1_250000E—01
2—node 94—step calculation
P2 = 167067909 P22 =27911 6863
(1) (2) (3) (4) (5) (6) (7

NO ] P72 B JP” 2B SUM( JP2B) K SUM/K
1 17,987.0 5.020475E-+08 1.0000 5.02047E+08  5.020475E4-08 1 4E+410 0.0346
2 809210 2258641 E+09 0.9653 2 18M3E+09  2.682485E4+09 1 1E+10 0.2369

3 809210 2258641 E+09 07284 1 64521E+09  4.327696E+09 1 1E+10 0.3823
4 809210 2258641 E+09 0.3461 7 81720E+08  5,10417E4-09 1 1E+10 0.4513
5 809210 2258641E+09 —0.1052 -2 37744 E+08 4. 871672E+09 1 1E+10 0.4303
6 809210 2258641E+09 —0.5356  —120977 E+09 3.661899E-09 1 1E+10 0.3234
7 809210 2258641E+09 —08591 —1 94041 E+09  1.721479E4+09 1 4E+10 01161
8 394310 1100s85E+09 —09752 —1,07336 E4+09  6.481134E4+08 2 0E+10 0.0308
9 268620 7.497637E+08 —1.0061  —7 54382 E+08 —1_062690E+08 3 4E+08 —0.3094

10 35390 9.877945E+07 —0.6966 —6.88186 E+07 —1.750877E+08 3 9E+08 —0.4427

11 3,890 1077111E+08 —0.2539 —2.73522 E+07 —2.024400E+08 7 4E+08 —0.2726

12 3873610 1 081189E+10 00187 2 02440E+08  1,192500 E+-02

3—node 209—step calculation
P3 =323 840663 P3 %% 2=104872,775
(1) (2) (8) (4) (5) (6) (7

NO ) JP"2 B JP" 2B SUM( JP™2B) K SUM/K
1 17,9870 1.88646E+09 10000 1.88634E+09 1 86346E+09 1.4E+10 0.1300
2 80,9210 8486409E409 0869 7 38238E+4+09  9,268735E409 1 1E+10 0.8187
3 809210 8486409E+09 00511 433776 E+08 9 702511 E4-09 1 1E+410 0.8571
4 80,9210 8486409E+409 —0,8059 —6.84002E+09  2.862481E4+09 1 1E+10 0.2528
5 809210 8486409E-4+09 —10%88 89858 E+00 —6.123501E4+00 1 1E+10  —0,5409
6 80,9210 8.486409E+09 —05179 —4 39520E-+09 —1,065180E+10 1, 1E4+10  —0.9292
7 809210 8486409E+09 04113 3 49046E4-09 —7,028335E409 1 4E+10 04742
8 394310 4,135238E+09 0885 3.66194E+00 —3.366386E+09 2 0E+10 —0_1604
9 268620 2817002E+09  1,0460 2 94669 E+09 —4.196962 E+08 3.4E+08  —0.2222

10 3,530 3.71447E+08 22682 8 41837E+08 4 221412E4-08 3 9E+08 1.0674
11 3,890 4047040E+08 12007 4 85944 E+08 9 08853 E+08 7 4E+408 1.2230
12 387,361,0 4 062362E+10 —0 0223 —9.08085 E+08 —3,517500 E+-02




