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1

ABSTRACT

With the trend towards ship's cconomical operation by saving
initial insrollation costs and maintenance expenses and also low-
ering high cnergy consumption, the multi-branched shafting systems
with sha7’t driving generators or hydrazulic power packages are wid-

i

dly adopted to utilize the power of main engine under the sea go-

itng condition.

=t
£
=

e

In addition, the vesse ¢h equips with multi-engines cou-

pled witn one shatfting system to got higher output bas frequently
been built in the yard,

However such a branched shafting system has a very intricaced
vibrating system and also its analyzing methed is very different
from the ordinary mechod for the simple straight system.

Iln this paper, the equation oi forced torsional vibration with
damping for the muiti-engines coupled with one shafting system is
derived and ats vibrating characterisiices are investigated by modal
analysis method,

A computer program 1s develoned to get responses of thoe foroad

vibratio=n with dampilng and the resuics are synthesized to get rosu-—

ltant v

sponses.  The colculated results are compared with these of

aad thoy show a good agraements.

MeGSL G SNe s Ler s aotual aho
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1. F £

fost
1

atal o HERBL% MHRE, EHdu A 2 AHNGRE &
A MAHS Rz Efistels M%el wet HEERC Yo
Mz EBW gl =2 PTO(Power Take—off) 7lojg @3l
MEDREHE, == HEDNEE(Hydradic power Package )& HE BH)
AlZledl EASt len E#e] HBoE RESEY BEHASY
& FAst] —ZE Bk BEEARBHIUABRS Hostd  #ig
BEREX 2 AHHNE FE & Y= MM KA BE=E
A ek,

23y o3 @ HEEHRE BE-#EHR A WN HES &
BRE BBtz AL B otyel, M@ ES A e g (Chattering),
ERMERN e FREAKE AT LZ2HI =ELaBBS #xd
B-#EMREEA NS RDEHEDE 08 @Fkd da g

ofok ste o go]l Uth

A ®WXAME —E-@RX SREBRZEESY BINSIEDI 4K
RS ZE@TEA ds mames mBEHTsln ﬂvﬁﬁﬂ RES
Mg 2 BEEAC] MR BE=Z=oY9e MBS Y BRI B
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el BEAFEBRY THEDF

MBEAETL 2e HHMRS B e elstold gl A
ChE O BE e ElEe: SORiMo] el o W, HEEE B (- R o
v BRBHII B AL fBell o] @ s o)) Holl hetd:: ®my

o s FE Hv SEEL mEd SR

Iz Jrm
PR
| N 0//4) ~Geared branch
Actual ‘ ﬁ(m, '/ _?_
system g a = - &
Refere p br¢nch~—‘ ‘ Ng ®
I H
J | | hK"_'
i I
| Iy e
I | Tl
: i i

l
Equivaient -
in-l{ine
syslem ‘

I Moment of inertia of mass on reference shaft
Jw 7 Moment of inertia of mass on branched shaft
i ¢ Torswonal stiffness on reference shaft
K. ¢ Torsional stiffress on branched shaft

r  RKM of reference shaft, Ny: RPM of branched shaft
Fig.1. The branched svstem rotating with different speed,

B R R AR, mEr Y W B o = Y e

T, =R, F, T, =R, F
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A7l T, : #E#e E2a(Kg-am), T, : KM =2 A(Kgrem)
R, : Gearwheel ¢ o H4® R, : Pinion o 3 EHLE
F:#ZEh (Kg)
2HEY wHA #e o] fHAHEE 0L FKEE dA Ao
T /Te =R /R, =6,/6, =Q /O, =N, /N, =n (1)
A7 6,  KEEM RBKRIE, 0,  oBES RBDRE
Q. : HEEge] AEE, Q, : aEE] AEE
n: el
e v SYMIEARECK,) ¥ FEvUSHBIERB(K DN HE

ol Al =
Us = 1/2 (K 62) oo I — OO PR ORI PR (2)
Ue = 172 ( KB - Pt @AnL. ..o, (3)

R(2), (3)% R(VEXEH SESIMEFERT R Ao
Ke = K¢ (6 /6.)2 =K, ( N;/N,)2 = K, n? |
REEHERAE(] ) 2 SEEEEEEIE(]. D HT EmiuAe
Ve = 1/2(Jg QF ) o, (4)
Ve = 1/2 ( Je QF)  crveeveoemmmiie e, (5)
R(4), (5) ¥ R(1DEFH SEEEREEZNEs R
Jo =1, (Q, /)% =], n?

Bk #KRE EHSY Table 1o etk



© Cgebiel Ga B 21 HEMRY A v SURBHEe MY i 443

Table 1. Equivalent quantities of branched system

Reference Geared branch
Quantity branch Value referred
Actual value [to rpm of

actual value reference branch
R.P.M. N, N, N,/n
Order number ic 1y n i,
Moment of inertia T J. n¢ J,
Torsional stiffness K, K, n¢ K,
Torgue L T, n T,
Damping coefficent C, - nz C,
Amplitude 6, 6, 6./n

22 HE—-EFRY SHMEBRMHEES SIEDHER

2.1 E—-RS BHREYEIEDHER

Fig. 201 vEbd web 2ol 349 f&E &4 D..0w.n. A
BEoz ol folzd Yon ol HKEAN HI EBEEKLS oo

B ge] EHae 24 Ao
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C’nz:%lc,nz.z A%Cn%‘qz [
C
3 o O
¥

Cra
Cr22 Qp

T OMTIYM Branch b

an.rw-z-'r\znu Jn;’_m

Jr\!l’t 2 Jﬂll’!{ Jnlf‘k

J : Moment of inertia

, C : Relative damping
/7
C : Absolute damping , K : Torsional stiffness

Fig. 2 The multi — branched shafting system

1) AEABAAY R
Jaor Bpor + B Kuigt (Bror=0e1) +Coot uor + B Cur’
C énk, 1) fagy e s (6)

4714 mi SR

601 AEFFEANMA IxIE

2) Ao —KKX

Jni,j éni,j + I{ni,l (Qni,l* Qnal) +Kni’j+1(9ni,j—6ni,j+1)

+ Caipn (énoi,l — 6,0) + Cai,j +1 (éni,j"" éni,j y1)+ C/ni,l
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5. XWERER FEI HUERY HERH

5-1 FHEAxd 2 AHEH

A RN BEd HARLS AFHEME) M B3t 128,000 &
M €% 7 (Shuttle Tanker )o] H MRS Waig ok

°f Ede 2% I, WE/OILE, MEgm 2 zzdezo @
BREMZ o Foix Utk orloly BFAEEL zzdzo WP
B/l SES FEEMKE 2= #$Fe AA=o HES A8 B
Aol EWEHAS HSo Uy Bl BEEoz AHMs- g &
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Fig.3 Mass and elastic system of model propulsion shafting

5-1-1 BB ¢ R
1 ) Main engine
o Type : 2 X HITACHI B &W 8L55GFCA
« No. of cylinder : 8 EA
« Cylinder bore X Stroke : 550 mm X 1,380 mm
« MCR : 10,500BHP X 155 rpm
« Firmg order : 1 —8 —3 —4 -7 —2—~-5—6

» Reciprocating mass weight @ 2,740 Kg
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e Conn. ratio : 0.3520

« PMI : 13 bar

2 ) Reduction gear

e Type : Lohmann & Stolterfoht , Nanilus GUS 2500

e Speed ratio : 1,94 : 1
3) Propeller

e Type : C.P.P.

e No. of blade : 4 EA

« Weight : 5,600 Kg

e Diameter : 5.2 m

4) K
« Main flexible coupling : Spiroflex KJ 490 W
e Main clutch : Pneunastar KUG 490
« PTO coupling : Pneumaflex KAD 320 MD

« PTO alternator : ASEA Type GBA 800SL-6



0

. ! 457
oot o spH S REEERRGAST (e e Sl W B o

512 ADEH

MASS IMERTIA STIFFNESS FiR . DIA. SPEED
MOMENT
DISCRIPTION (KEG S£C2 CMY (¥G CM/RAD) ORDER (cM) RATIO
MAIN RRANCH NO !

FLYMHEFL 38600 .00 0 1.0000
 96B6600E+1 0 55. 0

CRANIC MO 247263 00 1 1.0000
7373700E+1 0 S5 0

CRAMNL WD 2 24863 .00 1 1. 0000
T90SA00E+ID 55.0

CRANF NO 3 24252.09 1 1.0000
790S400E410 S50

CRANK N0 4 z42%e . 9¢ i 1 0090
112B8440E411 53 ¢

CaM DRIVE 5855 00 0 1.0000
11393 ISCE+Y Y sS. 0

CRANM NG T 2425&.00 1 1.0000
L T905400E+1C 55,0

CRANV. NC & 24058 N0 \ 1.0000
L 7905400E+3 D 55.0

CRANEL NG T 24363 00 1 1.0000
737ITOOE+1 O 55.0

CRANK NO 2 248532 00 1 1.0000
FTA160DE+I D S5 0

FLYWHL+COUPL PR §33(4 00 o 1 0000
2425000E+0R ¢

COUPC ING SEC 12411.90 [} 1.000C
2979S00E+1 0 49.0

PTO - GEAF 15662 .00 ¢ 1 0000
_98Y9000E+D3 40 .0

CLTnE PRMER 7239 .00 o 1.0000
6533C00E+CA 0

CLUTCH DLYER . 5§73 ¢ b] 1.0000
AL EZITAGE+ 49 3

(SRS 19831 090 0 1 200C

{HFINITE 0
MATH SRANCH WD 2

EUTWHEEL JRG00.00 [V © . 0000
VERLLECEST L 45 4

CRANK N0 ¢ LR 7 10800
79TITOUEHG 5€ .0

CRANY w0 2 Z4B63 00 1 1.0200
TYNEGO0E+T D 55.90

CEANY. WO 3 4282 40 1 1.0008
TSOU400E+Y D 55 .9

CRANS NG .4 S b 4 1.0000
EB440E+1 S5. 0

CAM DRIVE FHEE OC [ 1.0000
PP AIERE+Y Y 55 .0

CEAny NO S BapnE 0 1 1.0000
79C5400E+1 0 85. ¢

CRAMIT NO B ;4882 0 1 1.0000
TYOSAONE+1 O 55 .0

CRANK NGO T D4BE3 DT 1 1 0000
T973700E+1 0 55, U

ORANK NG 8 el B B ] 1 1.000C

LBT4IA0Q0E41 O E5.0
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27 FLYWHL+COUPL .PR 53314.00 (] 1.0000
.2426000E+08 .0
€8 COUPLING SEC. 12411.00 0 1.0000
: .2379500E+190 40.0
29 PTO - GEAR 15662.00 0 1.0000
.9619000E+09 40.0
30 CLUTCH IMNER. 7239.00 ] 1.0000
.6593000E+073 .0
31 CLUTCH OUTER. £6735.00 0 1.0000
C1123140E+1 1 49.3
32 PINION 19231.00 [ 1.0000
INFINITE .0
*#& SI/B-BRANCH NO. : 1
33 GEARWHEEL 175671.00 ] .5154
.1841640E+11 63.0
34 THRUST 2441.00 0 .5154
-1360570E+11 63.0
35 FLANGE 4379.00 0 .5154
.1651800E+10 60.0
36 SKF-COUPLING 9120.00 (] .5154
.2388500E+10 63.0
37 PROPELLER 1625845. 00 [ .5154
INFINITE .0
#+s SUB-BRANCH NO. : 2
38 PTO -~ PINION 615.00 0 T.7400
.1648700E+10 28.0
39 CLUTCH(ENGAGED) 3262.00 0 7.7400
’ .4210000E+07 18.0
40 ALTERNATOR $760.00 0 T7.7400
INFINITE .0
s SUB-BRAMCH NO. 3
41 PTO-PINION NO.2 615.00 0 7.7400
.1648700E+10 28.0
42 CLUTCH (DISENG.) 2040.00 0 7.7400

INFINITE ' .0



STl thal R P fEEEEGRS) I8 )5 SIRBhET ol MoL A
5-2 EENARAEE
5-2-1 A IREHNE

MODE OMEGAsY 2 OMEGA VIB.PER SEC VIB. PER MIN.
(RAD/SEC) {HZ) (CPM)
T49T7cT7TQE<02 8.66 1.3¢6 8z 69
T379290E+03 10.33% 165 99.21
3 443331 BE-CT 21 .2¢ 3 37 =02 . 41
4 TIIBA4RE+0S 3389 5 3s 320.78
5 ZEA3GLIE+GA SC .49 8. .04 482 11
G LHYEH48BE+04 8z o2 13805 783 .9
7 .22F1936E+0S 149 49 23 78 1426.65
f I2X2025E405 149 .40 23 .78 1426 .66
g 8925973E+08 2392 .75 47 .88 2852.99
10 F484272E+05 307 .97 49 .01 2940 86
1 . 943 4283E£405 307 .97 49 .01 2940.86
12 L&Y 9826 2E+04H 4”8 .86 74 .62 4477 .25
13 21 IBR2ERE+0AR 4568 Eé 74 .6C 4477.26
14 LBRRITETES0B 47c .20 75.15 4509 .22
s 231 7534E+056 481 41 76 62 4597 11
16 247061 1E+O0S 493 .06 79 27 4756. 10
17 .e548013E+406 504 .78 20 34 4820 .28
18 302 T143E+086 55S .62 38 43 5305.79
19 .39655TI0E+06 62% .74 100.23 6013 .67
20 CIFGETYYEROG 627 .74 i0c.23 6013.57
21 L 415T688E+06 644 .80 102.62 6157.50
2e .GER4BOOE+0G 767 .12 122.03 7325.51
23 CEB84B0CE+0G T67 12 t22.09 7325.51
24 R246191E+06 908 .09 144 53 8671.58
28 LA246191E+06 308.09 144 53 8671.58
26 ITS2S19E+06 987 .55 15717 9430.40

fcard LITER251SE+06 987 .55 187 .17 9430.40
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31

32

33

34

35

36

37

38

39

40

41

.1164710E+07
1164710E+07
.1218255E+07
.1218255E+07
.1227922E+07
.1420569E+07
.2047T749E+07
.2422557E+07
2712851 GE+07
.3161234E+07
.3161234E+407
L14T16T4E+08
.5655237E+03

.5659702E+08

MEBEEAR BB Rk 108

1079

1073

1103.

1103.

1o,

1191
1431
1556

1646

1777.

1777
3835

1522

7523.

.e2

.22

75

75

12

.88

.00

.46

.97

99

.99

.24

.79

10

171

171

175.

175.

176.

a6a.
28e.
g82.
610.
1197.

1197,

.76
.76

67
67
35

.78

.72

12
98
98
56
a9

34

10305.
10305.
10540,

10540.

10581

11381

13665,
14863.
15727.
16978,
16978.
36633,
71837.
71840,

77

77

01

o1

.74

.59

01

o8

43

83

53

43

41
36



NS REETH el Ko -
5-2-2 PR

MODE NO.
FREQ.iVIB/MIN}

txs MAIN BRANCH NO
! FLYWHEEL !
CRAMK NO 1

CRANK NO .2
CRANK NO 3
CRANK NO 4
CAM DRIVE
CRANK NO &
CRANK NC .6

CRANK NO 7

10 CRANK NO .2

P FLYLHL+COUPL PR

T8 COUPLING SEC.

13 PT0 -~ GEAR

14  CLUTCH INNER.

15 CLUTCH QUTER

16 PINLON -

m

311

(R IR RN« R VA NP

ter MAIN BRANCH NO.
17 FLYUHEEL -
18  CRANK NO 1 =
19 CRANK NO.2 =
20 CRANK ND .3 =
21 CRANK ND . 4 =
22 CAM DRIVE >

1
27 CRANK NO = -1
24  CRANK NO & -1
25 CRAMK NO .7 B\
2r  CRANMK NO R -1
27 FLYWHL+COUPL PR -1

28  COUFPLING SEC. -

29 PTG - GEAR

I3 CLUTCH INNER. -

31 CLUTCH NUTER -

32 PINIOW -

*rx SUB-8RANCH NO :
33  GEARWHEEL -

34 THRUST -
15 FLANGE -

36  SKF-COUFPLING -

37 FROPELLER -

rer SUB-BRANCH NO.
32 PYD - PINION
39 TLUTCHIENGAGED)
40 ALTERKMATOR

‘xxx SUUB-BRANCH NO
41 PTO-~PIMION NO .2 -

4r  CLUTCH (DISENG.) -

>

. 2908
.289%0

. 2853
.28¢1
. 2735
. 2679
.e623
.28232

2410
2283

.2168

4162
4614
4944
5408
5427

.784%
. 7828
.T796
L7759
. T892
L1643
.7593
L1508
. 7405
) B
7192

24391
2830
3873
5290
53£8

3157
3a3
. 2848

. y794

9ges

.1927
.1924

1317
1907
1895

.188%

1874

L1856
.183%
RE-AR]

1796
8496

8564
L4174

2251
L2623

.0313
.08

.6808
.b&ao4
L0799
L0735
079¢
.0782
0774
.07¢€4
.8755

.3s8e
L3611
.3404
.3087
L3061

1564

L1963
.exsee
6948

-5
-6,
-17.

L0000

-1

-2.
-2 .

-4
-4

-3.
-2.

-2

-1.

-1

A sl
Ut Ut

Hi el po] Zrid ol ikt Sl el

320.8

. 082”3
022%
. 0817
.0807
. 0794
. 0783
07T
0758
L0730
0T0S
0683
.9904
9944
. 4547
1082
13486

3807

3790,

. 3756
. 3708
. 3647
1596
.354%
. 3454
. 335e
. 3240
.3138
5505
.5687
6876
3563
2647

11472
L0180
. 88073
2319
0000

. 6929
. 6546
0735

381
. 4305

e
L

L0051
L0050
.0049
0048
.0046
0045
00432
0040
0037
.0034
0031
1292
1289
0907
8323
. 0285

0037
0037
.0036
0035
0034
L0033
.9¢32
L0030
.00es8
.002%
.0023
0349
.094¢
0500
0165
L0200

0124
017
L0107
.0024

0033

998%
.0Qoo0
4020

7332
.735%6

161
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5:2:3 AREBIHALR

l***.***‘*tm*tt*t*.*.tt&t*&.#ttﬁ*t*#‘#t‘t#‘t‘*

* L]
* SYNTHESIZED TORSIONAL STRESS CALCULATION #
* *

t*t*‘ttﬂt*‘hl#.k‘tt‘.t.t.‘ttt#’.‘*t#t*‘*‘#‘l.‘

MASS MASS TORSIONAL PHASE VIBRATORY TORSIONAL
AMPLITUDE ANGLE TORQUE STRESS
HNO . DESCRIPTION (DEG .) (DEG.) (KG-CM) (KG/7CM2)
*x% MAIN BRANCH NO. : 1
! FLYWHEEL .2132
.2683994E+07 82.32
2 CRANK NO.1 . 1974
.6483943E+07 201.06
3 CRANK NO.2 . 15589
.TT22088E+07 239 .45
4 CRANK NO.3 . 1091
.IBT7561E+07 e51.90
S CRANK NO. 4 . 0584
.86T29STE+07 277.33
6 CAM DRIVE . 0231
.8681081E+07 266 .25
T CRANK NO.S . 0379
.8323B60E+07 266.17
8 CRANK NO.6 . 0852
.8191148E+07 261.92
9 CRANK NO.7 L1370
.T314703E+07 226 .82
10 CRANK NO.8 .1843
.3406483E+07 105.63
11 FLYWHL+COUPL.PR . 2039 i
.B6887S2E+05 .00
12 COUPLING SEC. . 0020
.8921854E+05 7.10
13 PTO - GEAR . 0023
.2109068E+0S 1.6R
14 CLUTCH INNER. .0023
.2218390£+05 .00
15 CLUTCH OUTER. .0031
.1535181E+05 .65
16 PINION .00
.3461066E+08 . .00
*xs MAIN BRANCH NO. : 2
17 FLYWHEEL . 1808
.2T4B8137E+07 84 .29
18 CRANK NO.1 . 1655
.S61475TE+07 174,10
19 CRANK NO.2 . 1322
.6640599E+07 205.91
20 CRANK NO.3 . 09T
.6623404E+07 211.79
21 CRANK NO. 4 . 0581
.T342195€E+07 234.78
82 CAM DRIVE . 0270
.7T365609E+07 225.90
23 CRANK NO.S . 0342

.T389617E+07 234.37



30

3

3e

LES

33

34

3s

36

37

tre

38

39

40

LEE

44

42

©CRRRTEel R S

CRANK NO .6

CRANK NO.7

CRANK NO .8

FLYMHL+COUPL . PR

COUPLING SEC.

PTO — GEAR

CLUTCH INNER.

CLUTCH OUTER.

PINION

SUB~BRANCH NO.

GEARWHEEL
THRUST
FLANGE
SKF-COUPL ING

PROPELLER

SUB-BRANCH NO.

PTO - PINION

CLUTCHIENGACED)

ALTERNATOR

SUB-BRANCH HNO.
PTO-PINION NO.2

CLUTCH (DISENGC.)

FARES
R

. 0802
. 1159
. 1561
L1750
. 0028
. 0036
. 0033
. 0032

. 0032

. 0016

. 0016

. 0015

. 0011

. 0015

. 0180

.0182

. 0146

. 0283

. 028%

HefeoRel AKX vl L diRBETECl B S

.T219250E+07
.60394T0E+07
_3S511602E+07
L TT67SSTE+0S
.7898357E+05
.2082446E+05
.2227245SE+05S
.1208954E+0S

.1 139462E+05

.3099632E+05
.3106901E+05
.3118362E+0S
.311T263E+0S

.5156431E+07
.9494966E+04
.1561466E+04

.4930T13E+07

.T036941E+04

463

230

187.

108.

.85

27

89

.00

.29

.66

.00

.51

.00

.63

.63

.74

.63

.00

.20

.36

.00

.63
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6. &% E

RERFTE o HKE RE EEMRS SRBHY S EDRE
e BRMoz BFSD, o HE=Zzades MEINY HE-
BRIz RAKS FEES BRES/ Bsd —@M—mMR &
BEMAE ZE KR Mol HWE B RAES LK
£ WEMI AFY —HE HAh o)=H Yoz HHMAES 2
E Mfe Bl oM WA DMRHBHAIN HREBES M
HE & A =HYen @AM EEE A MRS RHE & 3

.m o rl E. A 03 A - ‘r»‘ - ﬂfﬁ
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6. &% E

RC@fECl Sld AKE Re EEMASY AREHN ELERDR
e BMmoz BASL, old HWZ=Ide MEIIC MR
BEZ=I9d WA EEBS BESY Bdd —M—mX %
BMAE 2 Kol el HNE BTG REES HES &
£ WEMO RFY —KE BT olzH Yoz SEMAS 2
B MY B Aold MRS WEHHBHAN EDEES &
e & A Hgew mebd A A: MAS RHY 3
A =}k FRMo2 S UHME EEMol o mMEEe)
RERES TRESA VoM BAEMAY SEENE ALEAE
U Be =8¢ ® 4 AL AoeT AzEng
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