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A Study on the Natural Frequency Calculation of the

Torsional Vibration for Ship’s Propulsion Shafting
with Personal Computer
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ABSTRACT

The calculation of natural frequency of rotationg shaft is the primery and
the essential work in the torsional vibration problem, and it is very impor-
tant to calculate it accurately and concisely without difficulty,

The most ordinary method that has been used in calculating the frequency
of propulsional shafting is the Holzer method, and that is also utilized no-

wadays with the electronic computer,

Recently, many kinds of cheap personal computers are distributed in every
fields of industry, and it may be very convenient, provided this computer can

be used for calculating the torsional vibration of propulsion shafting,

For such requirment  in this study, a calculating method of the natural
frequancy by the transfer matrix method is investigated, The calculating pro-
gram for above method is developed, and some test-runs of the program are

performed for two samplings of propulsion shaftings of motor vessels,

The results of calculation by the transfer matrix method are compared wi-
th those of Holzer method, They showed a good agreement in accuracy, The
transfer matrix method is shorter in calculating time and simpler in procedure
than those of the Holzer method but the required capacity of computer for the

Holzer method is rather less than that of the transfoer matrix method,
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l CALCULATION OF 1ST RESIDUAL MOMENT
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1) SAMPLE A

TYPE NI IGATA M6F 43CHS

NUMBER OF CYLINDER 6

CYLINDER DIAMETER 430 mm

STROKE 620 mm

MAX  CONTINUOUS REVOLUTION 275 RPM

MAX _CONTINUOUS OUTPUT 1,600 BHP

MASS SYSTEM
NO . MASS NAME MOMENT OF INERTIA STIFFNESS

(KG CM SEC2) (KG CM/RAD)

1 CYLINDE i 0 7570E 4+ 03 07153076 E-+- 09
2 CYLIMNDE 2 0. 7570E 4+ 03 0.7153076 E+09
2 CYLINDE 3 6. 7570E + 03 0.7153076 E+ 09
4 CYLINDE 4 07570 E + 03 0.7153076 E4-09
H CYLINDE 5 0 7570E + 03 07153076 E+-09
6 CYLINDE 6 0.7570E + 03 0.6807352 E+09
7 FLYWHEEL 0.7650E 4 04 0.336496 4 E-+08
8 PROPELLEK 04781 E 4 04

2) SAMPLE B

TYPE HYUNDAI B&W 6L 60MC
NUMBER OF CYLINDER 6
CYLINDER DIAMETER 600 mm
STROKE 1,944 mm
MAX  CONTINUOUS REVOLUT ION 1102 RPM
MAX _ CONTINUOUS OUTPUT 12,060 BHP
MASS SYSTEM
NO MASS NAME MOMENT Oi° INERTIA STIFFNESS
(KG CM SEC2) (KG CM/RAD)
i FLANGE + COMP 01748700 E+05 0.1450000E+11
2 CYLINDER 1 0, 8092100 E+- 05 01132000 E-+11
3 CYLINDER 2 0 8092100 E4- 05 0. 1132000E+11
4 CYLINDER 3 0,8092100 E+4-05 0_1132000E+11
5 CYLINDER 4 0 8002100 E+ 05 0,1132000E+ 11
6 CYLINDER 5 08092100 E+4- 05 0 132000 E+11
7 CYLINDER 6 0_RO92100 B 405 0 1132000E-+11
8 CH_ DRIVE 0.3943100E+ 05 02008000 E+ 11
9 TURNING WH { 2686200 E+- 05 03433900 E-+09
10 COUPLING 03539000 E+4- 04 03954561 E+ 09
11 COUPLING 03859000 E+- 04 0 7424499E+ 09

12 PROPELLER 0.3873610E+ 06
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1) Smaple A9 #MRME

TRANSFER MATRIX METHOD HOLZER METHOD
NATURAL FREQUENCY NATURAL FREQUENCY
1 -NODE--98 0549317 ( RAD/ SEC) 1 —NODE = 98.055008 ( RAD/SEC)
15 6059303( HZ ) 15.605%425 (HZ)
936 355819 ( RPM) 936.356549 ( RPM)
RELATIVE AMPLITUDE RELATIVE AMPLITUDE
i 1
989824824 . 989824808
. 969578007 . 969577959
. 939465563 . 939465469
899793891 . 899793737
. 850966659 . 850966432
L 790561159 . 790560844
— 215949373 —2.15949784
9 _NODE = 285.266464 (RAD/ SEC) 9 —NODE = 285.266459 ( RAD/SEC)
454015773 (HZ) 45.4015765 (HL )
2724 .09464 ( RPM) 2724 .09459 (RPM)
RELATIVE AMPLITUDE RELATIVE AMPLITUDE
1 1
. 913879909 . 913879913
. 749056398 . 749056407
514724082 . 519724098
. 24563308 . 245633105
- .0496118644 — 0496118334
— 355361802 — 355361767
. 0336455171 . 0336447366
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
i 1
. 476096938 . 476906938
- 295652834 —.295652834
— 91355866 —~.91355866
- 1.05358824 —1.05358829
— 642405195 —.642493195
. 142632495 . 142632495

- 2.0604386 E—03 —2.06043862E—03
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2) Sample B9 #E(E

TRANSFER MATRIX METHOD

NATURAL FREQUENCY

l—NODE=2L%m%1(RAD/SEC)
3.95671909 (HZ)
237.403145 ( RPM)
RELATIVE AMPLITUDE

1

. 999233308

. 993836432

. 984048593

. 969913036

. 951492215

. 928867517

. 908451327

. 892974325

—.0957933793

—.953849209

—1.40781707

2 —NODE= 167.067909 ( RAD/SEC)
26.5896391 (HZ )
1595.38135 ( RPM)
RELATIVE AMPLITUDE
1

. 965376034
» 728407312
. 346101926
~.105260014
—.535619777
—.859109126
—.97526836
~1.00616033
—.69668985
—.253941054
. 0187238189

3~NODE=3%£MHQ(RAD/SEC)
51.540853 (HZ)
3092.45118 ( RPM)
RELATIVE AMPLITUDE
1

. 869907131

. 0511142871
—.805998061
—1.05886749
— .517922129
. 411300568

. 885547245
1.0460042
2.26821878
1.20073942
—.0223536341

MEBHEAE KB Bk B108

HOLZER METHOD
NATURAL FREQUENCY

1 -NODE = 24,8607966 (RAD/SEC)
3.9567195 (HZ)
237.40317 ( RPM)
RELATIVE AMPLITUDE
1

- 999233308
. 993836431
. 98404859

- 96991303

+ 951492205
- 928867502
. 908451309
. 892974303
—.0957935965
—.953849594
—1.40781755

2 —~NODE= 167.067908 (RAD/SEC )
26.5896891 (HZ)
1595.38135 ( RPM)
RELATIVE AMPLITUDE
1

. 965376034
. 728407312
. 346101926
—.105260014
—.535619777
—.859109126
~—.97526836
—1.00616033
—.696689845
—.253941045
- 0187238276

3 —NODE = 323.840662 (RAD/SEC)
51.540853 (HZ)
3092.45118 ( RPM)
RELATIVE AMPLITUDE
1

. 869907131
. 0511142872
—.805998061
—1.05886749
~.517922129
- 411300568
. 885547245
1.04600419
2.26821877
1.20073941
—.0223536356
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1 —NODE 50— STEP CALCULATION

Pl = 980550082  Pl#*2=9614 78462

1) (2 (3) 4) (5) (6) Q)
NO ] JP™2 B JP"2B SUM( JP"2B) K SUM/K
1 757.0 7.278391 E4-06 1,0000 ' 7 .27839 E406  7.,278391 E-+06 7.1 E4-08 0,0101
2 757.0 7.278391 E+-06 0,9898 7 .20433 E+06 1448272 E4-07 7.1 E4-08 0,0202
3 757 0 7.278391 E+06 0,9695 7 .05696 EH06  2,153969 E+-07 7.1 E4-08 0,301
4 757.0 7.278391 E+06 0.93%4 6 .83779 E+06 2 837749 E+-07 7.1 E+4-08 0,0396
5 757,0 7.278391 E+4-06 0,8997 6 , 54905 E1-06 3.4926564 E+07 7.1 E4-08 0.0488
6 757.0 7,278391 E1-06 0.8509 619366 E+06 4 112021E+07 6.8 E+08 0,0604
7 7,650 0 7,355310E+07 0,7905 5 84482 E407 9 926841 E4-07 3.3E407 2,900
8 47810 4 596828 EH07 —2.1594 —9 92684 E+07 -9 375000 E-02
2 ~DODE 94—STEP CALCULATION
P2 =285 266459 P2xx2 = 81376 9525
(1) (2) (3) @) (5) (6) (7
ND ] Jp"2 B JP72B SUM(JP"2B) K SUM/K
1 757.0 6,160235 E+07 1,0000 616023 E4-07 6,160235 E+07 7 J1E4-08 0.,0861
2 757.0  6.,160235 E+-07 09138 5 62971 E4-07 1.178995E+08 7.1 E+08 0.1648
3 7570 6 _160235E+O7 0.,7490 4 61436 E4-07 1,640431 E+o08 7.1 E+4-08 0.2293
4 757.0 6,160235 E+07 0,5197 3.20162 E4-07 1.960593 E+08 7 1 E4-08 0,2740
5 757.0 6_1602355+07 0,2456 1 51315 E+-07 2,111909 E4+08 7.1 E-+-08 0,2952
6 757.0 6,160235 E+07 —0,049 —3_05620E+06 2081347 E+08 68 E+-08 0,3057
7 7,650,0 6.225336 E+08 —0,3%5 —2 21224 E+-08 —1,308992 E4-07  3.3E+07 —0,3890
8 4,781,0 3,890632E+08 0,0336 1,30899 E4-07 4,218750E- 0l
3—NODE 209—STEP CALCULATION
P3 =703 052829 P3xx2 =494283 28
(1) (2) (3) (4) (5) (6) (7
NO J Jp™2 B JP"28 SUM( JP™2B) K SUM/K
1 757.0 3.741724 E+-08 1,0000 3.74172 E4-08 3.741724E+408 7.1 E+08 0.5230
2 757.0 3,741724 E4-08 0,4769 1.78445E+08 5 526178 E4+08 7.1E408 0,7725
3 757.0 3.741724 E4-08  —0,2956 —1,10625 E+-8 4 419927E4+08 7.1 F4-08 06179
4 7570 3,741724 E+08 —0.9135 -3 4188 E+-08 1,001642 E+08 7.1E+4+08 0,1400
5 757 .0 3.741724E+08 —1,0535 -3 ,94223 E4+08 —2 %4054 E408 7.1 E+08 —0.4110
6 7570 3.741724 E4+08 —0 6424 —2 40403 E408 —5.344626E+08 6.8 E-+08 -—-0,7851
7 7 ,650_0 3.781267 E+09 0,1426 5.39331 E4-08 4 868865 E+4-06 3.3E+07 0,1446
8 4,781,0 2 .363168 E+-09 ~0_0020 —4_86916E+06 —2 982343 E+4-02
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Holzer Table ( Sample B)
1 —NODE 13—STEP CALCULATION

P1 =24 8607966 Pl ¥k 2= @7%?.34097 -

(1) (2) %, 4) (5) (6) (7)
NO ] P B CJPT2B SUMC JPR2B) K SUM/ K.
L1798 0 1Tk o7 B (x)u) 1 11170F+07 i 1117(B E407 x4h+m 00007

BOOWL 0 5 00)sve it U G 9‘%0 4_99’7% E+07 6,1091&3 E+07 11E+IG 00053
80,9210 6001396 ko 09938 4 97057 EA4-07 L107®3EH08 1 LEA410 0.,0097
TV A ) S (9840 4 w6l E407 1.600145E4-08 1 TEHL0 0,0141
Voo wlo 0,962 4 85092 E-+-07 2 085237 E4+-08 1 EH10 00184
G 5 00396 B (09514 4 7S87T9EA+-07 2 561LI6E-+08 1 1B+ w 00226
CORG W20 K 00136 D 0 9RH 4 64563 E-4-07 'z 025679 E4-08 i ‘.Li (.0204
WoonuArl 2 ART0eY L 0.90% 221395 E+07 3,2,4 075 EH08 2 (:k % Ln 00154
9 L6 862,10 ' 03929 1 48254 E4-07 3395330 E--08 34K 08 10987
350 00957 ~2. 09530 E+05 339324 E+-08 ’%_QE + 0% 0 850
TR 1 IS S0 9B3R 2 2T50LEA-06 5370484 B8 7 4 EA-08 04539
10387 a6k.00 2 3941201 Han —1 4078 5 3748 E-+us  —1,250000 E—o1

9 -NODE 72-STEP CALCULATION

7 - p2= 167 067909 P2k 2~ 27911 6363
Y 2) RN N l4) - I
NCY J j?"‘“ a2 B e 7}P 3 - SUM( J}” )P K SUM /7 K
LT 9RT oy 5,U20475 E-+-08 10000 5 (yz(m Fti e 020475 JT()S 1 4E4H10 0 0346
DOBLL9210 2 258041 E-+ 09 0.965% 2 1343 E4-09 ()_68.445@{4‘ +-09 1 iE+10 0 2364
SoR092L0 2258041 B0y 07284 | G52 B0 1327696 E-09 1 1E+10 0,382
1RG0 2 25Bed] H-+-09 0,340 7 81720 E4-0R 5. 100417 E~4-09 LR+ 04513
TR0l g 2 2580 Tigg -0 152 =2 37TMEL08 4 871672 E-+-09 IR U Y (.4303
f80 9210 2258641 E-H0¢ —0.535%6 1 20977 E+09 3 661899 E (09 1 1E+10 0.3234
Tos Rt 2 ‘258641 E--09 -0 8581 —1 941 Er0e 1 721479 E4+09 1 AE+10 0.1161
03943k 0 1LY : -0 975 —1.07336 Elod 6 481134 E+(8 20E+10 0.0208
Gole8e26 T & ~—1.0061 -7 4382EA408 —1.062690 E+4-08 3.«1 E-1-08 -~ 3094
o 3538 Y %7794 o7 -0.0966 -6 88186 E+07 -1 750877 E-H08 3 9EA08 (), 4427
il 2 .w_n 1T !« 408 —0.2533  —2 T3BRE+07 9 (24400 E4+08 T 4E+08 —0 2726
12 387 A%m_{) W1 0 0187 2 umm: +08 :,19’500!: H)Z
3 -NODE 79-STEP CALCULATION
= )zs &mﬁ(% P3** J 1018”’_"
(i 2] 3) 5) (6) K
NO ] W B 1( JP zB; K lM/ }\
1 R eI 1) R 1000 1‘&3034@1,%— w1 A4E+R10 01300
2 X aRB4AY EH 0 8644 4 268735 E 409 1 TEAI0 08187
3 s";:z,w,ew'. 04 00511 g 7L E4 1 LEHL0 08571
4 § 4% aug b 0d 0 By - 2 862481 E+0d 1 1410 02528
A IO TR R PRI O V1t —6,123501 E4-9 B0 0 b4
A §ASGIG B =0 5175 1 BI8ROE--10 1 1E410 40,9292
7 92i .G B 4nni Ve G4 —7 023356 -9 1 4E-4H10 -4 4742
] gu ul.n A ORE L 0 0BG X ~3.366386 E+08 2 0E+10 -0, 160
9 2 m,,u 2 %mw& ) O 2. Abw E--0 —4 196962 E4-08  3.4E-+08 —0,2222
10 5.539.0 3. MM”‘» 02 2. 2082 8 4IR37 408 4 221412 E408 3 9E4-08 10674
11 3 &W,\’) 4 047040 E-+ 12007 4 ‘W)M E+0 9. 08853 E+08 74 E4-08 1,230
l? ?87 2 ~L 0 4'{ RIVAY 2 4 Oh(l&) l*- 3 ; 317%00L+0z
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