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Vibration of Long stroke Type Marine Diesel Engine (2nd Report)

by Koji Kagawa, Member Kazunobu Fujita, Mewmber
Toshitsugu Hirayama, Member Hiroshi Kokawa

Ryuichi Nagamoto, Member

Summary

The result of theoretical and experimental studies on the longitudinal vibration of the four
cylinder longstroke engine installed in the 34000 dwt bulk carrier is shown in this paper as a
continuation of 1st report. In these studies, it is shown that the longitudinal engine vibration
has such a characteristics of soft spring system that the frequency decreases with the increas-
ed amplitude and the engine top bracing to restrict the vibration amplitude has a possibi-
lity to excite the vibration of the ship structure.

In addition the longitudinal engine vibration is considered to be excited by the fluctuating

thrust force originated from the longitudinal shaft vibration coupled with the torsional shaft
vibration.
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Fig.3 Measured vibration mode of engine and
double bottom in exciter test (without
bracing, M=194kg-cm)
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Fig. 4 Relation between amplitude and frequency
of longitudinal engine vibration. (without
bracing)
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ucture, main engine and ship stern in sea trial.
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Fig.6 Measured vibration mode of engine and after ship body in sea trial. (4 TH order)
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Fig. 7 Measured vibration mode of engine and after ship body in sea trial. (8 TH order)
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Fig.8 Measured and calculated response curve of
shaft fore end. (4 TH order)
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Fig.9 Measured and calculated response curve of
shaft fore end. (8 TH order)
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Fig. 10 Calculation model of coupled torsional and
longitudinal shaft vibration.
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Fig. 11 Calculated vibration mode of shaft.
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BREEE LU, BISZYAEREEL B,

Fig 11 37 v5hb 2 5 v 7@k s © O RhA
(107%rad) XHHRIR (mm) r o BHEYE&E— FZlc
EbLLELDTH B,

ERRER WIREDE BB A IREIEHE X 0 #E 0 BB L
SHEhAI, Table3 ®3rd £~ FERT L5105 v
7 BT OREIRIE Y 1mm DR, 2.73X1075 57w
(1.56X107° f) LIEHI/PNE Vs, Lo LR 1 RS
DVE UKy, Ehfiis OIEIE 1 Table 3 © 2nd =— Fic
AT ISR 0.85X1078 5 o7 vic st UTHEREE
i 6.5x1072mm, Fichb, BhA 1 BK LCRE
PEiL 1.383mm THD, ¥ OEOHEIMZME O

ARUBEEMAT 4 ~CAEEORE (FH28H) 515
Table 4 Propeller shaft force and Engine exciting
force
EXCITING FORCE PHASE REMARKS
(deg)
THRUST ZN 4.4 -35
VARIATION BALLAST
CONDITION
PROPELLER (t) 2ZN 0.06 ~22
SHAFT dm =3.2m
FORC 4=19000t
E TORQUE ZN 2.18 -39 N=123 rpm
VARIATION Z=4 :NO. OF
(tem) 2ZN 0.03 -1 BLADES
RADIAL N 24.5 ~32
FORCE MEAN INDICAT
)i
ENGINE (t) BN 5.8 —95 N INDICATED
PRESSURE
EXCITING Pmi=15.64kg/cm?
FORCE TANGENTIAL iN 16.5 -103 i Dtkeglem
N =1{23rpm
FORCE
(1) 8N 2.1 —150
INLDORENOAEZE, Nol vy va—H LA

BIORERIE!: 0.15mm Ch b, BHEENC X 2 LEHES
DB F AT 5 B H RSB )T, © Ofic
HENEZ AR 150t/mm ZE L CRBBE 23 F vic
ET Do 0L T BEHEIGCEEBHERIC DT
%, BRETEECESOCTERRNShB0THLA, &
D L5 CEROBENDFEHEE) & ER LicHad, fHE
BEM IR CA RN S5 2 LRI T X B,

3.3 ERHHRNERIREICEHE

3.2 FCR LR RN BRI E L v B b hte
BBREEEZ AT v = FEIEN R X O EEES
CXDINEHEYER Lo Tr_FRIFEN L LTIk
EFERCLD 7T AFA NEEE IO b 4 2258
TERB LI, ¥EBRENE LCERky AELEHIC
777N E v -2, R B EEL
oo TTT2 7 v 7EBABAIIITR @ Andersson D%
BT, ¥R R L @R BT,
o5 P (3)
Po: 735 v 7880

VPRS2V
ISV IEVER

R: 735 v ¥t
0m;%2@

m:ivyvE—

1 &y,

s L ps2ln
01.2cos 5

n BB Y = 7 O

¢ BB
P —F=y JARERNIE 75 v 7 ERE T
R TEE AT,

P,=C-

o]

Q@=P;XR (4
Q: bl n—z=y 272
Pr: 8 H

W2 HEsa ¥ Uic 8% ¥ & T Table 4 itz
IR, =— FEBERC XS ®— S AEEYHL
oo INEHRECE UREEUAOE - #1185 2 — 5,
Thebb, FHER, EHEREE— N3 2 5Ok
RNEBIRBET AR Z AV Ic, EEEIIIND Lica~6
% DREZE L TCRAEDERBRC e T b, fokll
RE)DWRIC O\ CIR e S %\ O TR E TR
Be—F, REBCHHLIHERERY 03 L L
oo SHETELRI 7 5 v 7 e ORERIE L IRhg %
4 REDE IO 8RB OWTERE B LCFRE
+ Fig. 8, Fig.9 wiRL7,
Egsw&m4&&“©%ﬁﬁ@%ﬁ?ﬂ,%@ﬁﬁ
DEFE &L WREI I 5 ER & B OEAILITIE
—HLTw5b, Lo L 115rpm %482 5 L ER/NC T
FHEOTGRAEL RT3, ¥ Fig.8 (a) g
REVEMIC X - CHNEBZTAE, i hoxE
8 Fo 3o Fo XEEER &R L, BHEKC
#5010 P vIRELTVB, —F Fig.8 (b) i, 4%k
7 OBMDIRNAERRT, BREERS LR T -
BOAY BT 5 EREHED EHAITE L —FK LT
o BEEEEBOTNEREHIK L D b, BEhfrks
K72 T02%, ThI3EOER 0 fiEs € — oM
THDo

Fig. 9Ca)(b) ik 8 kA DEADHEIEIE & Iy D
ARIEHRHELTRT, Fig9 (a) (b) X b, &
N1 EHREIOIIR S 720cpm (90rpm X 8) Tl OHEIES)
CHIIRENE L TE D, EROERE—K LT3,
EICHORHRBICHIE LT, StEIh LB Fqa 2,
HERB DR A (120rpm X 8) LISz b E DR N LR &5
(Orpmx8) THAEL >T 5%, HE 0 HIEBOIIE
S 960cpm (120rpmx8) {EECIY, HRIIEBE
BRI E S T wie v, EETCIIRHEE O
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HEPLPRDLN D,

4 BROEE

4.1 EHEENBEDR

R OMm LREREEROKR, Figl Wrlicd
51, 7V —v v I RO FEIREIS A i,
543cpm Dl 580cpm, F XU 640cpm & FLESAYA
X dREY £ U, bk Fig2(a) (b) &R
LicX 5w, LifEEk IOEECL G LckiRE
NEbRTED, TEESCHTIMERSEOERYE
LEZBND, FHEIREIE L LT 2. 3 BT~ IRE)
JGE DR/ PEFRD B 543 cpm A Z DIREE COEBEETEIR
B EELONRS, FOMOEED ED TEHINEIES
- ¥% Table 2 83 LCR LT,

IR EZE 2 e EBRIERER L hid, Fig 1, Fig
2(¢) BIV Fig 4 WRT IS REIKE WIBAI
i1, REINPIVEE EHE LT, HRREI & B
B OIRENKRIFD LTnB 2 Ehvbhofe, 3
RHBOLIREOH S EAFENHR LY, Y7 ATY
v P AT L BN AERARED RS, &
FEECIIFIE DY 4151045 &, IREEILS7cpm D
543cpm . 3% {ET L, HAHEIRIIY h OIRET 220
gal/t 235 120galft iZ 45% WA Lic, T hidEHES
Do, ¥, B, vV VvE—-—Cely biED
AR IOZEEEOFBEHLEOFL T LD
HEHEOEMNE LT, RBOKRELRD ERIMETE
BEEMAAE UTC, ERIREEOET & BAERI4D
DIGENRBA Licb o LBbhb, ¥ EHEMREERT
MHEIAVINE VWO T, BREER TIRADADI VWEE
DIREFE B —FHLT\5,

—7, FEROTEIEENT 2.4 FICRL - BELD
480cpm RiHE OIBBIIMBERE O FEHE £ b 1,
508cpm A7 L — v Zin LOREE CTOFEERRIEEIE
LEZ NS, BIEL® 543cpm X D I HIMET LT
57, CHIIBREEERTERIOKEVWEEIIL S
HICIREAAZ WIcHDEBES, Mkl JUERORE
DEDFELEL LD,

DX 5 LR CoOEERIEREENL, Table 2 1@
FLTe X 5 ke BEER, RERYEF, ST
BRRRCESRIThZTh &> Twb, BEELAREE
BT, LREAETEEOZERN, RERIELE
R L B LT, ERORE, BILRLEERBRO
%, KEOHE, MEREBOENHD, Lichi-T, &
BRI A Z 2 A5AE, EBORBEFECEELL
HEBENAMNELE Bbh b,

WL IR TR LICERREEOBERC X 5ERY
FE LB Lo, ¥, EREEIGE LIKFOZEES

Fe— FOIEBEHEME 767cpm &, EMEET L
F Z ot FREEBEIR O EEIREHEHEEE 670cpm 2K v
V—DOREFAVC B 1LROFTERC X % REBHEMBIX
505cpm THH, Thid, F1#HERBHETOER
EENE 508cpm 1T, (1ZIF—FH L TH hEBHEEEDOZ
WA RETE L,

4.2 EBEHCRETTL—-2TOHFE

2.3 it X oK, EIREER TRERNRCS
Ve vy PREET A Ly, FEETRIEERE
543cpm 235, 612cpm ~ & 13% LR L, BEMT
17 UFedd Uiz, M oft EifERS Fig. 5 (b)
CRT LS, Tv—v v it LoREIE T 508
cpm (127rpmx4) ¢ 171gal OIERRL T eAS,
Trv—vvrREETHII LRI Y, RKIREESRIER
EERGEANER Lob 0 L bh, FEShRK
JBELS 110 Tl LTs), F1HRICORLLSK
BEEOHE LERCTA T T v — v v ZOFIRSES
FEHTE I,

4.3 TL=— L BiREDOEGREEPRE
L7 o 7 v—v v 2k EEFERIESN o -
#, REISEBEDCIRN DDA, —IF CIMEEE
DIREyZEMI s EL S L DL Ebb, Figs
(d) BRARLIEXSIE T v—o v 7 %EEEE, 90rpm(8
wHEsy) & 98rpm (8D T, Fig5 (e) DM
IREN DI AR OB TG U C LIS OIREIA 0
LT3, ZD5H Wrpm (8 ) DIEIREDIR
R 3ER IO 4. 4 HIRT &5 WERNRE IR
EREmlicborBbhb, T7cbb Fig9 (b)) &
U7X 31 720cpm (90rpm X 8) iR W IEE Dt
WEAH D, RIWRENCH: S BB CHR I TR
RIRIEE 7 v — v v 7N LT EE~EES he
bDEELZBNB, —J7, 98rpm B LU 105rpm D 8
KRS OETEOKBEDOFEEIL, Tv—vrvrickhE
BradichES & OIRENEESZE L U TE UreER
EBEEbh%,
CDXOSWTv— vy 7y DEFERELWEEEDOES
A LI VEERBGE B D BB, Trv—v v
FOREYHEGTL LT, LifEEOIEY
MTEBLLDEEZ BIRD, A TREENLERSER
ELT FEOT Vv v I ERRRTOREETS
L LT, Orpm(8KFA) B LV 98rpm( 8 KAL)
TOLTEEDINE LW ST, ZOL xRS
IR AREE & OB EREBOE(LY T T, 98~105rpm
TOHRERGEAVET L, 90rpm TOENIREILIE
CIAEEHLIEELLLDERZ, Tr—o v LD
REE X 0 bR EBIRE BN LI 0 F AR AT
TH»T2o ERIRE) & MAREE & O LI OERBE ST
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REEEHEMA 7 4 — €L THORS

(B 2% 517

TV—Y Y IRRELEELT, BOCEEREEYE
LTkD, TOREMGHIISHMIATNEFBLELD
Ndo

4.4 BRWRNERIEEHE ZOHE

3% Table 3 3 X0 Fig. 11 @R Lic X 51z, @l
R L EBRNIREIZER L, Bh 1 HESHc s,
TR OEE £ — FAE b, BRRIIL 7 v <5
TN LOEREIRT 2 EE UCBMIBEICEHEL D S
HER IR, TERRR W TRV AER T AED
BEPFHR I N T 5, EIROFHRNERIEEETE I &
U, ERIESTROESEN IS, BN E LT, #
TEZRTEAL TN D, 2 OTEhE S CRAEY
AT, BEEREECHENL TV, BEOVHKE
BED X5, BRABEL K, TEIMBIESLES)D
HHEETL, ZOBREHHIIN, BBEENE - T
REEZFRBLTCDL0EEZDNS, LI TER
EERE D OEEIRB B OLIREE LS KT TH S, 20
HIREGESTT 4 I B AT ERIR BN X 2B 75 /)N
ELTHDREROBEELEAR,»O+o8T &
PEELWEEZL DR D, ‘
RICEHHHERNC S 7 v~ v 7 O BEN 5 5 = &t
Fig.8, Fig 9k hbhd, 7 v—v v 7 %8EE L
OB ET A TEREREIRS, BIML W5, Zhit
TVU—v v PRI D EROBRIRIMESEINLT, #E
ZROAXERVPRNTE, BEUCEEN—-REEL
LA, GEEDOEMORRE LT v— v 7,
i EBR, MEOBEREENSBOBRETH S, B
HERIRBET B &R A Bl BS—HLTH
D, FE=FAOFYMHITIERET Uiz, SEHCRD
LHERBY T, FEEOHNEE N TReRLEL,
R UCHRENIMCEHE DT RN T b DEH]

LOEDFRRE LTI EREEMCH Y, ML

EREZERBL T RWZ &, FECAVIEE#RS IO
R T OEBRIIORBE, MEXRDOKEE L OB,
4ETvRTDAT A VEE), A s EELAORES
X, BREICH S T e RIWMER I OBE NS
5o BERLOL®IL, SBRINALOEEYEELLE
SBEHEB IOCERENOFSE L & XStz
ARV

5 ¢ ¥ U

VEKEHEEOEBIEIREENCEI LT, 34000D/W
VAR sy ) TREHIN 4 KEHE TR BIEEE
B ER L, TOREEM S XOBIRESEOSRE L F0
HECTOWTGHE L, TORBE, THREETRER
BWUREOHEIMC & b 7o WHHRIRBBAUE T+ 5 95
P RD bvic, ERREICKT5 7 v — v v 7 0%)

RELT, RIBOEESKE L, AEETIE 1/10 106
BERMEB S Nl FRBRCHTA8E L LTW1sY
DEAVG LRI, EREELET S ERE LCER
HERNEBIRENCHE 5 SHRBEM N 0B ERTD S h,
KHEB LOHECRS T DX 5 Il R T X 7,

EERBOBEY B s v o0 bhtTv—v v
GEEREBC X » T, B BROBEEB A IS~
Bz, BHCL > UL BBk ELEBBRYEL S -
ER b o T, KIAOBE, 720cpm (90rpm X 8) = HH
B 1EOHRAN DD, TS LOT L—s v ras
LCEEEENREIN EE I N, EMxtE L L,
FEOT V- v PERFIFORRESET A LI LT,
LEERELEDEREZ I oo CDX 51T L —
Vv 7 OREREEFREG TS Le X b s o
DHESTIRETH D Z LWL LS, S8iL7 L
—Y V7 ORECE LT, EEREOLL L TEROER
B A EIREE  EAS b e  EEED, FE
#E D,

T, ARE T4 KA KT 2 TRIER DOk
FBREBRD & RN ERIES S a2 - T
BRENC T 5 & % 5,

THhBDOFERBCLEF L, BIES, WExi
ECHEORMNH DM, KEOEENIER & 12i5—%%
LTws, SRIADL OBERLEEE FRos 2
H, TR WEOEREEOBRN LI X ) ERIEEY
EORBILEER Lz,

D ICATT I UBIR BN RS A — 58 Ol
BeBoll LR LTHERRLET,

2 £ x @&

D E, BEH dH: AREBEEMAT 4 — €A x
BORE) (B 18, BABMFLHRTE £154
%, (FEfn 58 4 12 A).
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