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Studies on Coupled Vibrations of Diesel Engine

Propulsion Shafting
D. C. Leex - U. K. Kim** - H. ]J. Jeon#*x*
(KOSME)

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 more 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. Later, this problem may be studied again by setting each
mass as 6 degrees of freedom.

Key words: coupled vibration(84 2 %), torsional vibration(8l& %8 3 %),
axial vibration(F A %)
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MAIN ENGINE SPECIFICATIONS 4tk olAe ZAE AS HWEY NS
ENGINE TYPE MAN K10286/160C S Wl % ol 3lad A El AFZ
HAX . CONTINUOUS OUTPUT 23000.0 BHP e g ZYI A ol AxY dg
MAX . CONTINUOUS REUGLUTION 115.0 RPM 2 osro uh Sol oAl o Ab
CYLINDER BORE 860.0 MM ol 2 ¥FE L7 W] ddoz Ast
STROKE 1800.0 MM oF M ErEk AAFo] Ly o
oo UOF CYLINDER T oof H&3F A4be] 7h5sl7] o Fojc}
HEAN INDICATED PRESSURE 19.91 BAR . o = alol el Al
STROKE CYCLE 2 312 FY oo Az HFE o
RECIPROCATING MASS 9068.0 KG B A2 HMBA AN O Ay @
CONNECTIONG RATIO(R/L) 2508 ] 7tA 2 MFAAAN D/FAEFIE ojE A
¥32 MY FAXFA9 AHAF AMHZFRAFTed 1 RE)
NATURAL FREQUENCY
MODE NO. MODE SHAPE  CIR. FRE. RAD/SEC  FREQUENCY HZ  FREQUENCY CPM
1 1 NODE TOR. 40.39 6.43 385.66
2 © NODE AXI. 65.85 16.48 628.91
3 2 NODE TOR. 188.07 17.20 1631.95
y 1 NODE AXI. 146,25 23.28 1296.58
5 3 NODE TOR. 198.36 31.57 1894.19
8 3 NODE TOR. 200.69 31.94 1916 44
SPECTRUM OF RESONANT ENGINE REUOLUTION
ORBER 1 2 3 4% S 6 7 8 9 16 11 12 13 14 15 16 17 18 19 28 21 22 23 24
1 NODE TOR. @ © 128 9 77 &% S5 48 42 38 35 32 29 27 25 24 © © 6 0 0 © © O
ONODE AXI. © O © 0125104 83 78 69 62 57 52 48 44 41 39 36 34 33 31 29 28 27 26
2NODETOR. © 6 © © © B ©128 114163 93 8 79 73 68 64 60 57 54 51 43 46 44 42
INODEAXI. © © @ © © O 8 © 8 ©126 116107 99 93 87 82 77 73 &3 66 63 60 58
3NODETOR. © 6 © ©6 © & © 6 © 8 0 G 0135126118 111 105 99 9% 96 86 82 78
3NODETOR. 8 ©O0 © @ @ 8 6 6 8 8 @ © 0136127 119 112 106 100 95 91 87 83 79
COUPLED AXIAL-TORSIONAL UIBRATION MODES
SECT.  MASS NAKE IST MODE  2ND MODE 3RD MODE 4TH MODE STH MODE 6TH HODE
NC. aXL. TOR  AXL. TOR.  AxL. TOR.  @&XL. TOR.  AXL. TOR.  A¥L. TOR.
1 CYL.NO.1 HALF -.851 1.800 1.080 -.801 -.014 1.80@ 1.008 .077 -.397 1.006 .672 1.000
2 CVL.NO.1.2 HALF -.o48 992 985 005 .DO6 .94 924  .ou8 -.279  .796  .636  .853
3 CYL.NO.2.3 HALF -.ouy  .973 .847 816 .025 .813 .745 @91 -.118  .347 4S9 476
4 CYL.NG.3.4 HALF -.o46  .939 899 096 097 .588 530 .631 -.013 -.207 174 ~-.194
5 CVL.NO.4.5 HALF -.043 .893 830 .007 .013 .309 .254 -.006 .072 - 680 - 169 -.784
G CYL.NO.5+C.D HALF  -.039 .838 753 017 .24 .021 -.021 .015 .193 ~-.923 -.397 -.878
7 CYL.NO.6+C.D HALF  -.033 798 748 @16  .024 - 163 -.031 -.005 .136 -.950 - .4BS -1.018
8 CYL.NO.G.7 HALF -.033 .73 .6580 .035 032 - 442 -.302 .013 .218 -.814 -.581 - 875
9 CYL.NO.7.8 HALF -.933 648 .533 018  .036 -.699 -.569 -.024 .275 -.391 - 603 -.359
10 CYL.NO.8.3 HALF -.929 553 408 .016 .010 -.883 -.773 -.091 .228 .214 - 550 .158
11 CYL.NO.9.18 HALF  -.0611 .457 .252 @52 .013 ~-.977 -.929 - 083 .078 .706 ~-.353 .564
12 CYL.NO.10 HALF -.002  .35% 141  .@82 914 -.981 - 963 -.024 -.028  .875 061 1.232
13 FLANGE -.002  .337 139 .081 .014 -.974 -.983 -.024 -.036 991 063 1.252
14 THRUST BLOCK -.802 .273 135 @76 .014 -.944 -.962 -.024 - 032 1.831  .069 1.307
15 FLYWHEEL -.092  .19% 136 070 .914 -.899 -1.000 -.623 -.037 1.850 079 1.333
16 1.5 COUPLING -.002 -.682 143 -.005 .016 -.156 -1.355 -.@05 -.079 .283 176 382
17 PROPELLER -.002 -.997 147 -.033 617 .123 -1.560 .002 -.104 - 043 233 -.053
o N
X319 0] B9 A FQ 2EE ¥32 W7 BT E Holth, B4 #HoA
Aitel A8 E B w3 E33L AMZE ZUET HEY AT THS A o4
ol A=Ay [2) Bl ¥ o Az EFee N R
el A5 ARG culieln B2 FA gazagugsazAs AN wa
] A o] &} ) =] & 2] 2= Fa—
Ay el A dae HIH 2 33 F o o [ASAA] AUAYB [ A48 C
Ao 4 vy ZFA4L digk (025~0.27) cpm com [A/B| cpm [A/C
1-T 376 388.30{0.97 | 385.66 |0.97
10 s . ) , }
x10Y" N/mAE 2 ZAH5oa o o B
§=2 45 I &l o 0-A | 628 |660.00]0.95] 62891 |1.00
goz Ausech 2-T | 1017_]1053.40[0.97]1031.95/0.99
< —~ - o]
B Aol olg A9 uEY AER TS 1-A | ®le [137640( - [139658] -




. ———ORIGINAL FIRING ORDER
\ —-—A FIRING ORDER

x 10" N/m , i o
06 2 H, 21! =3 R B FIRING ORDER
Z b S &} —-—C FIRING ORDER
,9' . <1 l : 7 h
& (I @ i St
S I ol =4 1
£ ol I ih
0.5 il Z | LRl
& | ¢ ot
Q il (1 ol
% BRI ! ' 2 i
o | ~
0 ] : . :
: ! ,
'-{-} 0.4 1 ! '
Z 1 i )
= ' ! 0
& k f i '
2] l, . L
¢ ! ! 1
‘ 0.3 [l i /
3 4 i it 2/
é Jh j[[ Hit ////
- I8 il / ' 77 7acTUAL THRUST
4 ! | 4 " BLOCK STIFFNESS
= 027 ] . ! RANGE
= ) |
N Al 1
. A [}
I: T
]
0.1 i
1u
[1oZ COUPLED AREA
5 Z i)
| =" H it _ .
0 * : 1500 ~ CPM

NATURAL FREQUENCY

TH3I MUASAY HE-DES} FFS

oro o

34 ¥ HAF T gt
B AstEAt W A4 n40559
AEREE Asto :aslon 2RAES
7b o9 A detAexE Holm 9t s
THE TRAFF ux= o] 433
IAEE & F Atk 9714
Eefo] &M 1-8-6-5-3-10-4-2-9-7
A9 23 &4: 1-9-4-6-3-10-2-7-5-8
B9 #3}&A: 1-9-3-7-5-6-4-8-2-10
Cel z3leM: 1-8-5-7-4-6-3-10-2-9
q71M Ae 10KMOOMC-C9] zHa}sxojx
A E FNFHOTRE 85900
IY3.1M B o 7loll s A ASHA] %gto
¥34 AN g ng4NES W

Bc 2 8 & A

71%1 A (cpm) | B (cpm) | C (cpm)
1-T] 386386 1.00]388|1.01!382[099
0-A}1 629 1633 [1.0116011]096]|672]1.07
2-T)1032] 997 10,97 [1008] 0.98 | 985 1 0.95
1-AJ139711400] 1.00 [ 1388/ 0.99 ]1442] 0.97

Fulold ZH ¢ WaRA AN A7

U FF wlelge el (0.025~0075)

X10°N/m A=A 08 27571485
3% 2 2¥8BEYINEY 18 2ASY
LFAEF7E BAHE of$ ojug AET
EE FHdt7] dE 0¥ £EH 14 nE
AF, E25 148 F453% 24 v|5g 2%
B8 £ g =g A gy o
2 AA AN 2 Hojy Amagas

of 34 HEE NP3l

i.‘

ng
RN
ng
2
2
;9

£ E340 A5td AHEMo e nd
ol Mz AN o UAE Y A9t

_}[\_
5 §3] #3EACe A9 #As

E359 o B9el AW F |
£¢ H36 A4UE ANANE, ®3To
1229k ALNE HHlso} o3 Qoo

M-66



¥35 SHe 278 29 98 AR o] AP uw %@ Rz 2%

NAME OF SHIP  M/S S-SHIP BULK CARRIER o] Zolgt nFAFAM YEs] wRo|c}
MAIN ENGINE SPECIFICATIONS H369A4 B 1d 257 28 6EY 2
ENGINE TYPE  SULZER 85072 &°l e ZHsd Yelum glon 2y
MAX .CONTINUOUS OUTPUT 6100.0 BHP i

MAX .CONTINUOUS REUOLUTION 137.8 RPM wojg o] Ztol Jge Ao wx Q=) ©
CYLINDER BORE 730.0 MM )

STROKE 1250.0 MM U3UHEF NEA2HE 2450 933 A
NO. OF CYLINDER 8 . s

MEAN INDICATED PRESSURE 5.98 BAR A8t ek tigto] A= 25 2L R
STROKE CYCLE 2 L i

RECIPROCATING MASS 8558.0 KG A nAse e Azt AELe A7)z Qe
CONNECTIONG RATIO(R/L) 2500

#36 SH 4359 AN 2T RAESY 1 HET)
NATURAL FREQUENCY

MODE NO. MODE SHRAPE CIR. FRE. RAD/SEC FREQUENCY H2Z FREQUENCY CPM

1 1 NODE TOR. 19.99 3.18 190.87
2 0 NODE AXI. 103.63 16.49 989.60
3 1 NODE AXI. 119.55 17.59 1055.64
4 2 NCDE TOR. 114.10 18.16 1089.62
S 2 NODE TOR. 139.98 22 .28 1336.69
[ 3 NODE AXI. 139.98 22.28 1336.69

SPECTRUM OF RESONANT ENGINE REUOLUTION

ORCER 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17T 18 19 28 21 22 23 24
1 NODE TOR. 0 95 63 47 38 31 27 6 © @6 O 6 © © @ © 6 e 0 6 e e o o
© NODE AXI. 6 8 © 0 © 0141 123 109 98 89 82 V6 76 65 61 58 54 52 U3 HT 44 43 4
1 NODE AXI. 6 0 ©® ©0 ©8 0150131 117185 95 87 8 7S 70 65 62 S8 55 52 50 47 45 43
2 NGDE TOR. 6 6 © ©0 0 0155136 121 108 99 90 83 77T T2 68 64 6O S7 S4 S1 49 47 4S
2 NODE TOR. 6 ©® 0 06 0 0 0 © 148 133 121 111 102 95 83 83 78 T4 70 66 63 60 S8 5SS
3 NODE AXI. 8 0 9 6 © © 0 © 148 133 121 111 182 95 89 83 78 74 76 66 63 60 58 55

COUPLED AXIAL-TORSIONAL UIBRATION MODES
SECT. MASS NAME 1ST MODE 2ND MODE 3RD MODE 4TH MODE STH MODE 6TH MODE
NO. AXL. TOR AXL. TOR. RXL. TOR. AXL. TOR. AXL. TOR. AXL. TOR.

1 NO.1 CYLINDER .086 1.008 1.000 .965 1.000 .29 -.066 1.000 -.168 1.000 1.000 .31e

2 NG.2 CYLINDER . 801 .998 .980 .97S .979 214 -, 084 .946 - .146 -2 .968 .308

3 NO.3 CYLINDER .000 . 994 .923 .45 913 L1862 -.06) .817 -_ 146 . 730 .861 .206

4 NO.4 CYLINDER .001 .988 .821 .034 797 .123 -, 049 .625 -.112 454 .679 .t18

S CAM DRIUVE .01 .979 AL .038 .678 .95 -.037 .381 -.076 122 497 049

6 NO.S CYLINDER .001 974 .1 .032 .64 873 -.037 .2786 - .07S -.e23 49 .6as

7 NO.6 CYLINDER 000 .963 .564 -.014 .509 -.914 - 032 .80 -.B49 - .346 .255 -.129

8 NO.7 CYLINDER .8o1 .949 .34 -.@e7 .299 - 045 -.017 -.266 -.016 ~-.609 -.011 -.129

9 NO.8 CYLINDER 081 .9 .212 -.004 .123 -.078 .001  -.541 - 0SS -.946 -.387 .812
10 THRUST BLOCK .900 .9 .965 -.065 -.037 -.176 -.801 ~-.758 -.008 ~-.199 .038  -.147
11 FLYWHEEL .900 .898 .90 -.973 -.853 -.199 .060 -.865 -.007 ~-.253 .837 -.186
12 NO.1 COUPLING .800 .88S .97TT -.079 -.069 -.220 .00 -.965 -.607 -.303 .35 -.224
13 NO.2 COUPLING .006 .838 .158 -.081 -.288 -.232 .06S -1.038 -.003 -.408 .913  -.301
14 NO.3 COUPLING .00 .183 .235 -.076 -.500 -.225 .811 -1.0820 .602 -.458 -.909 ~-.338
15 NC. 4 COUPLING 008 -.168 .306 -.966 -.697 -.199 815 -.912 L0086  -.443 -.031 - 331
16 NO.5 COUPLING .00¢ -.S20 .370 -.6S51 ~-.874 ~-.1S7 .020 -.724 .019 -.373 -.051 -.280
17 NO.6 COUPLING .008 -.870 .424 -.033 -1.026 ~-.102 .023 - 473 .014  -.260 -.069 -.192
18 NO.7 COUPLING .800 -1.217 .468 -.912 -1.148 ~-.938 .826 -.180 .817 -.107 -.084 -.079
19 PROPELLER .068 -1.458 497 .003 -1.230 .09 .028 .o .019 .015 - .094 .01

T1H3.290 ¥ ojgo Axmay g4 = ol 4 = 1000 A 4} 2] 99) rpmeoil A
AMFIRAAM FREH HEY WEo| ojg A 12 0 Fo 2stm glon 23
gE7t Boln gl 31101‘%’21-‘?-51 —’i‘-@! #ert 5’-"—151: ?i"’
H3.69M He AMY AW oiEE 2
Aoy ZgelM 18 2183 285 Pug Zaxg -H} %“&%9—] —’FE’°I Ei
2 4adel 3 482 07 g2  aygUo= AL olv]dtn U}
REVORE 1 FIEAA 28 vEY I E369 BuHAL SHEY A B 11x

J
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NATURAL FREQUENCY
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272 #HYsPTh F3.70AM EH Fe
ofzlelo] o3 HET 493 AdALYx
7b #4 ez ok

ol&

lo12) 4 AaEA Ade A3
#st&M B 1-3-7-5-4-2-6-8
38i¢M C: 1-3-5-7-8-6-4-2

V& HEEA) heted )F 33 WolY
Hol wstel =1L A e RAVESE

E38 As&Md) BE RKAFT W
% 8 & A

71&| A (cpm)

oy

2=

B (cpm)

1-T}191 119111.00]) 191 {1.00 191

0-A| 960 {945{0.98| 894 | 0.93 | 987
1-A]1047{1044| 1.00 {1040 0.99 |1055| 1.01

2-T|1079]1095| 1.00 | 1118} 1.04 {1090] 1.01
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AE Hol E3.80lch
FEMAE Fol7h Aol glout Hsea

B,

Ce Addel 2298 91 Ao,

33 xS v EY S0
A

MAIN ENGINE SPECIFICARTIONS

ENGINE TYPE BaW 9-74UTF160

MAX . CONTINUQUS QUTPUT 6700.0 BHP
MAX . CONTINUOUS REUOLUTICN 118.5 RPM
CYLINDER BORE 740.0 MM
STROKE 1600.0 MM
NO. OF CYLINDER 9

MEAN INDICATED PRESSURE 6.59 BAR
STROKE CYCLE 2
RECIPROCATING MASS 8950.0 KG
CONMECTIONG RATIO(R/L) .2500

H3.11 Z/FRAEF9 =29 A4 vl

XA UAY Bl 949 C
cpm cpm |A/B| cpm |A/C

1-T NS 114960 - |14616] -

0-A 513 549.4710.98] 509.41 | 1.01

1

2

A | 765 1769.94[1.04] 79685 | 0.96
-T | 844 [827.03/0.99] 81247 | 1.04
B4 7B Fa 928w
Ao =Y H3.100 QA4IE AdAREg,
3119 LH/AFF A& A=
ulsle] Holm glrt.
H3.1090 oJ3td 14 FNEFY 2 uwE
Agol A # vojy Fyor 24y
(0.19~025)x 10" N/m WSl X %2 1§
AEF7E YAstn Qoo Ao osw

#3.10 BYd #3%A9 d42% A4ZAHIFREFY nHRE)

NATURRL. FREQUENCY

MODE NO. MODE SHAPE CIR. FRE. RAD/SEC FREQUENCY HZ FREQUENCY CPM

1 1 NODE TOR. 15.31 2.44 146.16

2 © NODE AXI. $3.35 8.49 509.41

3 1 NODE AxI. 83.45 13.28 796.85

4 2 NODE TOR. 85.08 13.54 812.47

S 3 NODE TOR. 137.89 21.95 1316.78

[ 3 NODE TOR. 137.89 21,95 1316.78

SPECTRUM OF RESONANT ENGINE REUCLUTION

ORDER 1 2 3 4 S 6 7 8 9 16 11 12 13 4 15 16 17 18 19 20 21 22 23 24
1 NODE TOR. 6 73 48 36 29 24 26 © © O 8 ©6 O 6 0 0 6 © 6 0 0 ©6 6 o
0 NODE RXI. o] 8 0127181 84 72 63 S6 50 46 42 39 36 33 31 29 28 26 25 24 23 22 21
1 NODE RXI. o] 0 8 0 0132113 99 88 79 72 66 61 56 S3 49 46 44 4] 33 37 36 34 33
2 NODE TOR. 9 O 0 6 0135116 181 90 81 73 67 62 S8 54 S50 47 4S 42 40 38 36 35 33
3 NODE TOR. B 0 8 06 o & 0 0 0131 113109107 94 87 82 77 73 69 65 62 59 S7 5S4
3 NODE TOR. e 9 8 o 0 8 0 © 0131119109 101 94 87 82 77 73 68 65 62 S9 57 54

COUPLED AXIAL-TORSIONAL UIBRATION MODES

SECT. MASS NAME 1ST MCDE 2ND MODE 3RD MODE 4TH MODE STH MODE 6TH MODE

NO. AXL. TOR AXL. TOR. AXL. TOR. AXL. TOR. AXL. TOR. axXL. TOR.

1 CYL.NO.1 HALF -.001 1.800 1.000 821 1.000 1.187 -.110 1.000 8.506 1.000 -2.539 1.000

2 CYL.NO.1,2 HALF .000 .998 .986 931 1992 1.076 -.082 .43 T.7S2 1.442 -2.23 .685%

3 CYL.NO.2.3 HALF -.001 994 .930 .028 . 84S .920 -.078 .805 4.731 .875 -1.375 .397

4 CYL.NO.3,4 HALF -.001 .987 .854 .01% 642 .682 -.079 .812 .938 -.319 -.325 178

S CYL.NC. 4.5 HALF -.001 .976 .787 913 493 .370 -.058 325 -2.0u4t -1.252 .523 ~.214

6 CYL.NO.5+C.D HALF .000 .960 . 708 .020 . 349 .04 -.025 .000 -3.597 -.873 1.051 -.77S

7 C.D*NO.6 HALF .0eo .943 .703 . 815 340 -.325 -.024 -.338 -3.68! -.933 1.676 -1.047

8 CYL.NO.6, 7 HALF -.0082 .926 .575 -.026 674 -.693 -.020 -.8606 -5.202 -1.013 1.574 -1.068

8 CYL.NO.7.8 HALF -.004 .208 391 -.053 -.281 -.986 -.016 -.824 -6.016 -1.16S 1.947 -.788
10 CYL.NO.8.9 HALF -.802 .885 J214 - Q44 - 577 -1.148 .07 -.981 -5.756 -2.194 2.219 .065
11 CYL.NO.9 HALF 800 .860 .102 .000 -.701 -1.139 L041 -1.051 - 412 4. 541 L1684 1.163
12 FLANGE .008 .852 -101 000 -.703 -1.145 042 -1.057 - 401 4.740 L1589 1,214
13 THRUST BLOCK .060 .835 .097 .ge@  -.707 -1.157 042 ~1.069 -.377 S5.137 L1888 1.315
T4 FLYWHEEL .000 .802 .088 000 - 757 -1.179 .046 -1.891 -.367 5.914 L1488 1.514
15 NO.1 I.S COUPLING .06 779 .09% L6090 -.790 -1.181 .048 -1.093 -.358 6.26Y4 L1420 1,604
16 NO.2 I.S COUPLING .000 .S33 .108 .08 -1.053 -1.181 .066 -1.098 -.281 9.892 112 2481
17 NO.3 I.S COUPLING .0060 .072 115 .000 -1.524 -1.102 .089 -1.833 -.120 14 373 .048 3.880
18 NO.4 I.S COUPLING .000 -.390 128 .800 -1.958 - 939 2129 -.88Yy 048 16.019 -.819 4.101
19 NO.S 1.5 COUPLING .000 ~-.850 .133 .000 -2.346 - 703 .156 - .665 .213 14.283 -.084 3.657
20 NO.6 I.S COUPLING .00 -1.308 .139 .060 -2.677 - 413 .180 - .392 .364  9.532 - .14y 2.440
21 PRO.S COUPLING .80O -1.763 Sthy .060 -2.944 - 091 .198 -.088 .491 2.768 -.185 . 709
22 PROPELLER .800 -1.9%51 147 .000 -3.049 .049 . 208 044 542 - 408 -.215 - 104
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NATURAL FREQUENCY
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71& | A (cpm) B (cpm)
1-T 146 146 {1.00] 146 1.00
0-A | 509 533 10.95| 537 0.95
1-A 797 789 1101| 796 1.00
2-T 813 814 |11.00]| 814 1.00
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