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A Study on Coupled Vibrations of Diesel Engine Propulsion Shafting
(1st Report : Effects of Coupling on Natural Frequencies and their Modes)

H-J Jeon* - D-C Lee** - U-K Kim*

Key words : Coupled vibration(@ 4 21 &), Torsional vibration(¥] &34 %), Axial vibration
(#%1 %), Propulsion shafting vibration(F3z &4 21 %)

Abstract

When the crankshaft of diesel engine has more than 3 throws, which are arranged in a different
plane, its vibration induces coupled motions, especially the coupled torsional and axial vibration.
Nowadays, the torsional vibration which is influenced rather weak than axial one, can be
theoretically calculated fairly accurately, but theoretical calculation results of the axial vibration
which is influenced strongly from torsional vibration is not so good. To get accurate calculation
results of axial vibration, coupled axial-torsional vibration must be treated. In this investigation,
coupled effects of vibration of diesel engine propulsion shafting are analyzed theoretically and some
simple calculation methods are also studied. On this first report, effects of coupling on natural
frequencies and their modes are mainly studied, setting the each mass in 4 degrees of freedom.
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Fig. 2.1 Equivalent system of single crank throw
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Table 3.1 Specifications of M-ship

Name of ship M/V M-ship oil tanker
Engine type MAN K10286/160C
Max. continuous output 23000.0 bhp
Mazx. continuous revolution 115.0 rpm
Cylinder bore 860.0 mm
Stroke 1600.0 mm
No. of cylinder 10

Mean indicated pressure 10.91 bar
Stroke cycle 2
Reciprocating mass 9008.0 kg
Connecting ratio(R/L) 0.25
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Table 3.2 Calculated coupled vibration results of M-ship (Natural frequencies and vibration modes)

Natural frequency
No. Mode shape [rad/s] [Hz] [epm]
1 1 node Tor. 40.39 6.43 385.66
2 0 node Axi. 65.86 10.48 628.91
3 2 node Tor. 108.07 17.20 1031.95
4 1 node Axi. 146.25 23.28 1396.58
5 3 node Tor. 198.36 31.57 1894.19
6 3 node Tor. 200.69 31.94 1916.44
Spectrum of resonant revolution
Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
lnodeTor. 0 0 128 96 77 64 55 48 42 38 35 32 29 27 25 24 0 0 0 0 0 0 0 O
OnodeAxi. 0 0 O 0125104 89 78 69 62 57 52 48 44 41 39 36 34 33 31 29 28 27 26
2nodeTor. 0 0 0 0 0 O 0128114103 93 85 79 73 68 64 60 57 54 51 49 46 44 42
1node Axi. 0 0 0o 0 0 0 O 0 0 0126 116 107 99 93 87 82 77 73 69 66 63 60 58
3nadeTor. 0 0 0 0 O O O O O O O O 0135 126 118 111 105 99 94 90 8 82 78
3nodeTor. 0 0 ©0 0 O 0 O 0 0 O 0 0 0 136 127 119 112 106 100 95 91 87 83 79
Coupled axial-torsional vibration modes
Sect. Mass name 1st mode 2nd mode 3rd mode 4th mode 5th mode 6th mode
No. Axi. Tor. Axi. Tor. Axi. Tor. Axi. Tor.  Axi. Tor. Axl. Tor.
1 Cyl No. 1 half —.051 1.000 1.000 —.001 -.014 1.000 1.000 .017 -.397 1.000 .672 1.000
2 Cyl. No. 1,2 haif —.048 .992 985 .005 .006 946 924 048 —.279 796 636 .853
3  Cyl. No. 2,3 half —.044 973 947 016 .025 .813 745  .091 —.116 347 4589 476
4  Cyl. No. 3.4 half —.046 939 899 .006 .007 .588 530 031 —.013 —.207 174 -—.194
5 Cyl. No. 4,5 half —.043 .893 .830 .007 .013 .309 254 —.006 072 —.680 —.169 —.784
6 Cyl. No. 5+C.Dhalf —.039 .838 .7563 .017 .024 .021 —.021 015 .193 —923 —.397 —.978
7 Cyl.No.6+C.Dhalf --.039 .798 749 .016 .024 —.163 —.031 -.005 196 —.950 —.405 —1.018
8 Cyl. No. 6,7 half —.033 731 650 .035 032 —.442 -.302 013 .218 —.814 —.581 --.875
9 Cyl. No. 7,8 half —.033 .648 .533 .018 .036 —.699 —.569 —.024 275 —.391 —-.603 —.359
10 Cyl. No. 8,9 half —.029 553 406 016 .010 —.889 —.773 —-.091 .228 214 —.550 .158
11 Cyl. No. 9,10 half —.011 457 252 .052 013 —.977 -—.929 —.063 .078 706 —.353 .564
12 Cyl. No. 10 half —.002 .354 141 082 014 —.981 —.963 —.024 —.029 975 061 1.232
13 Flange —.002 .337 .139 .081 014 —.974 -—-.963 —.024 —.030 991 063 1.252
14 Thrust block —.002 273 .135 .076 .014 —.944 —962 —.024 —.032 1.031 .069 1.307
15 Flywheel —-.002 .194 136 .070 .014 —.899 —1.000 —.023 -~.037 1.050 .79 1.333
16 I S coupling —.002 —.682 .143 —.005 016 —.156 —1.355 —.005 -.079 283 176 .362
17 Propeller —.002 —.997 .147 —.033 017 .123 —-1.560 002 —.104 —.043 .233 -.053
A avehed .
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Table 3.4 calculated natural frequencies depend
on firing orders

Firing order
Mode

Standard| A (cpm)
1-T 386 386 | 1.00| 388 | 1.01 | 382 | 0.99
0—A 629 633 | 1.01| 601 | 0.96 | 672 | 1.07
2-T 1032 997 | 0.97| 1008 | 0.98 | 985 | 0.95
1—-A| 1397 |1400 1.00} 1388 | 0.99 | 1442 | 0.97
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Table 3.5 Specifications of S-ship

Name of ship M/V m-ship bulk carrier
Engine type SULZER 8SD72
Max. continuous output 6100.0 bhp
Max. continuous revolution 137.0 rpm
Cylinder bore 730.0 mm
Stroke 1250.0 mm
No. of cylinder 8

Mean indicated pressure 5.98 bar
Stroke cycle 2
Reciprocating mass 8558.0 kg
Connecting ratio(R/L) 0.25
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Table 3.6 Calculated coupled vibration results of S-ship (Natural frequencies and vibration modes)

Natural frequency
No. Mode shape [rad/s] [Hz] [epm]
1 1 node Tor. 19.99 3.18 190.87
2 0 node Axi. 103.63 16.49 989.60
3 1 node Axi. 110.55 17.59 1055.64
4 2 node Tor. 114.10 18.16 1089.62
5 2 node Tor. 139.98 22.28 1336.69
6 3 node Axi. 139.98 22.28 1336.69
Spectrum of resonant revolution
Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1nodeTor. 0 95 63 47 38 31 27 0 0 0 o 0 0 0 0 0 0 0 0 O O 0 O0 O
OnodeAxi. 0 0 O O O O 141 123 109 98 89 82 76 70 65 61 58 54 52 49 47 44 43 41
lnodeAxi. 0 0 0 O O 0 150 131 117 1056 95 87 8l 75 70 65 62 58 55 52 50 47 45 43
2nodeTor. 0 0 0 O 0 O 155 136 121 108 99 90 83 77 72 68 64 60 57 54 51 49 47 45
2nodeTor. 0 0 0 O O O 0 0 148 133 121 111 102 95 89 83 78 74 70 66 63 60 58 55
3nodeAxi. 0 0 O 0O O O 0 0 148 133 121 111 102 95 89 83 78 74 70 66 63 60 58 55
Coupled axial-torsional vibation modes
Sect. M 1st mode 2nd mode 3rd mode 4th mode 5th mode 6th mode
ass name
No. Axi. Tor. Axi. Tor. Axi.  Tor. Axi. Tor. Axi.  Tor. Axl.  Tor.
1 No.1 cylinder .000 1.000 1.000 .065 1.000 .210 —.066 1.000 —.168 1.000 1.000 .310
2 No.2 cylinder .001 998 980 075 979 214 —.054 946 —.146 917 .968 .308
3 No.3 ¢ylinder .000 994 923 045 913 162 —.061 817 -.146 730 .861 .206
4 No.4 cylinder 001 988 .821 034 797 123 —.049 625 —.112 454 679 118
5 Cam drive .001 979 714 038 678  .095 —.037 381 —.076 122 497 049
6 No.5 cylinder 001 974 711 .032 674 073 —.037 270 -.075 —.023 491 .005
7 No.6 cylinder .000 963 564 —.014 509 —.014 —.032 009 --.049 -—.346 2565 —.129
8 No.7 eylinder .001 949 .374 —.007 299 —.045 —.017 —.266 —.016 —.609 --.011 -.129
9 No.8 cylinder .001 931 212 —.004 123 —.078  .001 —.541 —.055 —.940 —.387 .012
10 Thrust block .000 911 .065 --.065 —.037 —.176 —.001 ~-.758 —.008 —.199 038 —.147
11 Flywheel 000 .898 070 —-.073 —.053 —.199 .000 -—.865 —.007 —.253 .037 —.186
12 No.1 coupling .000 .885 077 -.079 —.069 —.220 .000 -—.965 —.007 —.303 035 —.224
13  No.2 coupling .000 535 158 —.081 —.288 —.232 .005 —1.038 —.003 —.408 013 —.301
14  No.3 coupling .000 183 235 —.076 -—.500 —.225 .011 —1.020 .002 —-.458 —-.009 —.338
15  No.4 coupling .000 —.168 .306 —.066 —.697 -.199 015 —.912 .006 —.449 -—.031 —.331
16  No.5 coupling .000 —.520 .370 —.051 —.874 —.157 .020 ~-.724 010 —.379 —.051 —.280
17  No.6 coupling 000 —.870 .424 —.033 —1.026 —.102 .023 -—.473 .014 —.260 —.069 —.192
18  No.7 coupling .000 —-1.217 468 —.012 —1.148 —.038 .026 —.180 017 —.107 —.084 —.079
19  Propeller 000 —1.458 497 .003 —1.230 009 .028 041 019 015 —.094 011
100(A4+4] 99)rpmell Al AF 3 112} F3lFo] & A S d AT F Uk v 18 F3E )
Wetn om 2Hvolgozie Feddelst sty WEANTe vHZe] YuHer 27 U
FelE = Wate] wAlsia Q) o= 2 EH e 9 Ehvta glow o= oFate] #ek 4 & HAIst
Bt FEHEC FXF o ek FHol o ATt
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Aol 14 W EY0F) B A5 99rpmol s HE S o] EE YEste] uwl Fefel
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Table 3.7 Comparison between measured and
calculated natural frequencies

Mode Measured(A)|Energy method(B)| Coupled(c)
cpm cpm A/B cpm A/C

1-T None 191.68 - 190.87 —
_O’A 985 969.41 1.02 | 989.60 LLOO
1-A 1064 1103.54 | 0.96 |1055.64 | 1.01
2-T 1101 1093.68 | 1.01 [1089.62 (1.01

Table 3.8 Calculated natural frequencies depend
on firing orders

Firing order
Standard A (cpm)
1-T 191 191 [ 1.00| 191 |1.00 | 191 1.00
0—A 960 945 | 0.98 | 894 |0.93 | 987 | 1.03
1-A 1047 | 1044 | 1.00 | 1040 [ 0.99 | 1055| 1.01
2-T 1079 11095 1.00 | 1118 | 1.04 | 1090| 1.01

Mode
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Fig. 3.2 Calculated torsional and axial vibration
of S-ship’s propulsion shafting with
various thrust block stiffness
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Table 3.9 Specifications of B-ship

Name of ship M/V B-ship bulk carrier
Engine type B&W 9-—74VTF160
Max. continuous output 6700.0 bhp
Max. continuous revolution 110.5 rpm
Cylinder bore 740.0 mm
Stroke 1600.0 mm
No. of cylinder 9

Mean indicated pressure 6.50 bar
Stroke cycle 2
Reciprocating mass 8950.0 kg
Connecting ratio(R/L) 0.25
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Table 3.10 Calculated coupled vibration results of B-ship (Natural frequencies and vibration modes)

Natural frequency
No. Mode shape [rad/s] [Hz] [epm]
1 1 node Tor. 15.31 2.44 146.16
2 0 node Axi. 53.35 8.49 509.41
3 1 node Axi. 83.45 13.28 796.85
4 2 node Tor. 85.08 13.54 812.47
5 3 node Tor. 137.89 21.95 1316.78
6 3 node Tor. 137.89 21.95 1316.78
Spectrum of resonant revolution ]
Order 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
l1node Tor. 0 73 48 36 29 24 20 0 0 0 o 0 0 0 0 0 0 0 0O 0O O 0o O o
OnodeAxi. 0 0 0127101 84 72 63 56 50 46 42 39 36 33 31 29 28 26 25 24 23 22 21
lnodeAxi. 0 0 0 0 0132 113 99 88 79 72 66 61 56 53 49 46 44 41 39 37 36 34 33
2nodeTor. 0 0 O O 0135 116 101 90 81 73 67 62 58 54 50 47 45 42 40 38 36 35 33
3nodeTor. 0 0 0 0O O O 0 0 0 131 119 109 101 94 87 82 77 73 69 65 62 59 57 54
inode Tor. 0 0 0 0 O O O O 0131 119109 101 94 87 82 77 73 69 65 62 59 57 54
Coupled axial-torsional vibration modes
Sect. Mass name 1st mode 2nd mode 3rd mode 4th mode 5th mode 6th mode
No. Axi. Tor. Axi. Tor. Axi. Tor. Axi. Tor. Axi. Tor. Axi. Tor.
1 CylNo.1 half —.001 1.000 1.000 021 903  1.000 --.110 1.000 8506 1.000 —2.539 1.000
2 CylNo.1,2 half 000 .998 986 .031 .895 972 —.082 943  T7.752 1.442 —2.231 .685
3 CylNo.2,3 half —.001 994 930 .028 763 831 —.078 805 4.731  .875 —1.375  .397
4 Cyl.No.3,4 half -.001 987 854 .015 .580 616 —.079 612 938 —.310 -.326 .175
5 CylNo.4,5 half —.001 976 .787 .013 .445 334 —.058 325 —2.041 —1.252 523 —.214
6 CylNo.5+C.Dhalf .000 .960 .708 .020 315 042 —.025 000 —3.597 -.873 1.051 —.775
7 C.D+No.6 half 000 .943 .703 .015 307 —.293 —.024 —.338 —3.681 —.933 1.076 —1.047
8 Cyl.No.6,7 half —.002 926 .575 —.026 066 —.626 —.020 —.606 —5.202 —1.013 1.574 —1.068
9 Cyl.No.7,8 half —.004 908 .391 —.053 -—.254 —.890 —.016 —.824 —6.016 —1.165 1.941 —.788
10 Cyl.No.8,9 half —.002 .885 214 —.044 -—.621 —1.037 .007 —.981 —5.756 —2.194 2.219 .065
11 Cyl.No.9 half .000 .860 .102 000 —.633 —1.028 .041 —1.051 —412 4541 .164 1.163
12 Flange 000 852 .101 000 -—-.635 —1.034 042 —1.057 —.401 4.740 159 1.214
13 Thrust Block 000 .835 .097 000 —.638 —1.045 .042 —1.069 -—.377 5.137 .150 1.315
14 Flywheel .000 .802 .098 000 -—.684 —1.065 046 —1.091 -.367 5.914 .146 1514
15 No.1 L.S coupling 000 779 .099 000 —.714 —1.067 048 —1.093 —.358 6.264 .142 1.604
16 No.2 LS coupling .000 533 .105 .000 -—.951 —1.066 .066 —1.098 -—-.281 9.692 .112 2481
17 No.3 LS coupling 000 072 115 000 -1.376 —.996 .099 —-1.033 -—.120 14.373 .048 3.680
18 No.4 L.S coupling 000 —.390 .125  .000 —1.768 —.848 .129 —.884 .048 16.019 —.019 4.101
19 No.5 L.S coupling .000 —.850 .133 000 —2.118 —.635 156 —.665 213 14.283 —.084 3.657
20 No.6 L.S coupling .000—-1.308 .139 000 —2.418 —.373 180 —.392 364 9.532 —.144 2440
21 Pro.S coupling .000-1.763 .144 000 —2.659 —.082 198 —.088 491 2,768 —.195 709
22 Propeller 000—-1.951 .147 000 —2.753 044 206 .044 542 — 406 ~-.215 —.104

Table 3.11 Comparison between mearured and

calculated natural frequencies = H]:_ﬂ & Fo|t}
Measured(A) | Energy method(B)| Coupled(c)
Mode cpm cpm A/B cpm | A/C Haje] &
1-T | None 14960 | -~ | 14616 — 2} 542 A
0—-A | 513 549.47 | 0.98 |[509.41 [1.01 EARI-3
1-A 765 769.94 | 1.04 | 796.85 | 0.96 BA
2-T| 844 | 82703 | 099 [81247 [1.04 o= == @t}
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Table 3.12 Calulated natural frequencies depend
on firing orders

firing order
Mode | Standard
A(cpm) | A/B | B(cpm) | A/C
1-T 146 146 1.00 146 1.00
0—-A 509 533 0.95 537 0.95
1-A 797 789 1.01 796 1.00
2-T 813 814 1.00 814 1.00
« 10" Nrm - ORIGINAT FIRING ORDER
| — - =A FIRING ORDER
061 f [’ ;’! fi-----B FIRING ORDER:
1 qf N E 242
w1 B
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RER: S i
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0] i

T 1000 T 1500 CPM
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Fig. 3.3 Calculated torsional and axial vibration
of B-ship’s propulsion shafting with
various thrust block stiffness
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