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A Study on the Calculation of Forced Axial Vibration
with Damping for the Marine Diesel Engine Shafting
by the Mechanical Impedance Method
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Abstract

Recently, the problem of the axial vibration for the marine dicsel engine shafting has
become important duc to the increased exciting forces resulting from high supercharging and
large output, and the reduced natural frequencies resulting from long streke and slow speed.

The effects of the axial vibration on the propulsion shafting induce cracks of the connect-

ing point of crankpin and crankarm, the severc wear of thrust bearing, the fatigue {oilure

of cach {ixing bult jointed parts. the hull and local hull vibrations, and also the wear
and the noise due to intense hammering phenomena of thrust cclia:

Thorerere, cach clugsilication

cequires the calculation of ustura’ frequencies  an
their amplitudes and also measurements of the forced damped axiai vibration.

At present, the technical and thecretical level is at the stage of estimating the resonant
points and their maximum displacements, but the estimated displacements of the resonant
points are not so reliable as the torsional ane.

In this study, induced stress

P

s and amplitudes of the forced damped axial  vibration are
caleujated. For this purpose, the equation of forced axial vibration with damping o0 the
propulsion shafting 1s derived and ite steady-state response i5 caleulated by the mechranica,
impedance method. A computer program for above caleulations iz developed.

The measured values are analyzed and the caleulated resulis are compared with the mea-
sured onecs. They show fairly good agreements and the reliability o developed program  is

confirmed.
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CAMH 2 MRS MR MR BIEE 1940RME fafrslg om 1 LItk MIIS AL
Sk iel e MOUEAE Woke] HSENRS RUREIIRE ] MMS MCR KiEel vehud =4
. olz KT WHOF BTl wek o KOl Bkt ERe AR ol W T FERe]
B3] wo) vehd A& 19604AK $elol ek ik 19704 40e] 2ol AR WEEBLE ARH
AW BEHEMS ol Tel o HES FR: ARREE M@ BiE) o 28] 4~5477 9
Bl VA AT MY BROT WK, WHASE @ mEHY MA D BAE, KEez
¢ BAHRBE ETSoL A ZE MM A HEMRS kg MEz 33 o

HESRG P12 BERTS BB adan R Aohdel auachy B adB,
HIIAR ZHT R Y 4 FELLES MRS AR, U BT M fe
RWEDS HR, HH2 £ @03 (hammering) Fgo = FHI BE BHRE, WA
b9 SiBE MAHTY REBRS BESL SR + dvh w4 LoydhBisas %
T 4 MBI A REDY BARDY% 2 BNEDREES KAEE TR o 23l

Be] HEMFR REMED FIRHIS KEET 1 Bel A BARES foEstt BEels %
FES ol d o BARBEES 48 BES o4 %oln 9k Hed & wXdde 232
R BHNEREDS HE AT RN 9 BMEE, Jolhd 12% EH7H
CE FHHstuA Reh ole @ IS Sael MUTCI UMM kR e BAMBED SRS Bl
S ol ZHE B QSR Atkel U8 EEEBEAS Kol HEE KW Goh E=Q M
AP A E# FIET ¢ e ERSEoYe Rl EHHEENTY st BT FHERE
T AMMEC BT WUES WERE Tozal o Hke REHS BESnA B

2. RRFCI A SRS #HEER

2.1 #eE@Rol HAIMEREL

29 Ao HRIMRES #H% o8 AE Dorey[1], Draminsky[2], Anderson[3], Guglielmo-
tti[4], Johnson[5], Linden[6], Visser[7], Jeon[25],[26] %e] <& &%KAX5} HE#HmkKel £4& #
KA #msla gom A A A MMKEERS Sulzer, B& W, MAN, Gotaverkenflk
Gl e K¥4 Andersond] BBRE #HT BEIS £tz A+ BEel+

A BXANE Bgradase s BES M3 Jeon[19],[20], [23], [25], [26]9] EHRE #
st 23 alh BIKERRS Tahaoh = Ho, iR, SeudEe] MREREE PRERR
2 3y HEYS oua #iel B e RIMARS Ham kel M= Xt sled BE
2 fiAstT 9 e Sulzer#Biel 8 0.15x107~0.27x 10%kg/cme]  fiEo] 3, B& W #5)
B8 0.15X10"~0. 13 x 10%g/cm) #ES Hesta gl+}. [20], [22], [23], [24], (28]
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8 Zolzlth o] Liftel = Schuster[9]¢} Schuwanecke[8], Thomsen[10]%¢] FHHRe]l BFE=x
Qo 74 MEE slu Q' BHED slo] HERBEE MMsleE =Re MAENENA K
B HEAE HEEA S

2-4 Y IW $EN EHBRRR

9= /A HHBBEE NS AE BERN B HEHE 9571 Ao & BN
k% MMAR VY KK st 47 OGE B¢ KREEA FAstL e BEIT. 213
W Bifd R Jeon[19], [21], [22], [24], [25], [27]8) WMaww K S FIAs & 2220
Bigag el PES SR WM LBHY EHBHEKS HE R

2-5 CIEl#AC! KHRE) BRN

RENR RED BRNS 20 Ehd % 2l EAFAS EEHY gEERERY R
Bhel o $/AS WROHAKS B HERBBHE I SRt A"LHARS ALEHA 4
§ LA EEREES @bl o REHE HERHOZ BH) AHAE EE ART
SR ARKe] KABHRES Fsol Aok 2 IM HEDRES tEYREE & HRNEY
il REY REREZ 2 @RSHE TEoss ¥EHEYRfHE & 5 o ®wiED
of g EWHL MMEEI FHER o8 Rt

e SAR, HETE, ZREESZ, GA Fd 9t BHolE #ER HOBBEE KHEAC
Ao MARBKES S5t RE F Yot B HH5 el LEsP) Aol REZE ER

5 de] FiEstT glom MR AR MK MEe ek (17], (18] Ks AR EE 2
t Wil Thel tlg HABBE T e A nE MRRHEMAA EEE L3 8l
o EE HEEEHME M-S BAEZR BES REHH BRI Qe shi ok —Riges
WY 4 9t BREE otk wEid BEHEMHA: MHERAN Fe e 23 HE

3. HWmp YmE Ak offt #HEES SN

3.1 MACIAMM EMRS SAME BARE REHHEX

BRSO 5 HE BHRE REBRE Fig 15t 2o vehd 4 Qo ol A SHEE B

HBBREDHERE Heg2phon 27 gt e
[M] (&) +[C1(#) +[K1{x) = {(f)) @

374 [M]E @FES RRAED2eA EHARED e 2+ HAEd2z 59[C], (K]
o ERERN D GREREIE 22 1 AdES) HEB xRS EFEYLst D0k
= (#), (1 MM 19 R fo] BT 1K 2 2K BEEM W {f(D)E Fourier&Me
HRY 4 Y& EHY BRI Aol
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Propetl
Thrust Block poer
Flywheel

-

i
T
C
|

fs,X1 t.x ts,x: fo,xe s, Xs t Xs

K K K3 K¢ Ks N - —~
vy )
M 11 i Mz M] ML M5 ) Mg X M Ma )
~—. N \, A b
]\/ Cri ! Tha Cha f Che i Chs | Crs || Cnpr Chin-r \\\r/

| ! | | S ) |
s fl g} Lo |
i_a—g L_g:é Co3 ¥ Cu 7 ‘—CILR—E Coe © C " k—g—E

S Exciting force X : Axial displacement M : Mass
K : Spring constant Cy : Bearing damping C, : Propeller damping
Ci : Hysteresis damping K, : Thrust bearing spring constant

Fig.1 Axial vibration system for marine diesel engine propulsion shafting

3-2 #wEke) LnIiHAZo o5t HiEge tE
B =] ik W o B S R Es | —Rio g EHEREAS ks
T il A
R A L) (f(O) e el e Wy 2 #pshd oo ek
[f{t)i={fcos(wt+c)}=R 'fe’ et (5)

A7 (1) AR Ahetn Sl B on A FEE R, ot fEHfe) B
SEE WL A Aekel MRS RIS BRI BEIRS Do uw 8 v e n e Fainl

(x] =R, %) (6)
AU A EE (RS WAstT o BREE] o
(5), (OHRE (Dol LA Az
(= [M]+[K]+jo[CD{F)= (]} )
(DAL vha 2
[Z](x)=1{/} 8
[(Z]= —?[M]+[K]~jolC] )

A4 [Z1% BEELsIR 2~ o) 28 2o},
(®)RE rth] BHslo] WHEKE (£)2 kst
{f}=[23~1{f'} 10
QO Rel A izlmd 2 wf =22 [Z1¢9] el 5o 221700 F140Ee) s 98 ofou ol
b,
(CIEPS
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5. RAFCIAMER HERR HHRE

5:-1 HECIAMMAL WRER

(1) M 2 WMRER

@

@

2
o

W 00 NN DN B W NS s

#® M

A a

#: B&W 5L80MCE
#:5

A8 Y E R X T 80cm x 259. 2cm

E B OB

e 0.415

® % 5 = B: 12765kef/cyl
H ® B AW H: 16000psx 83 rpm
BRTFHEHES: 14.26kef/cm
293 3 E&: 896mme

B XK W F:1-4-3-2-5
=zzde HAH
[ #: 790cm
¢ A 4
sz W 0.74
BB m % e 0.40
# &: Ni-Al-Br
HEMINA60% @& : 55,520, 0kgf
RS2
MASS

ITEM (KG+-SEC*x2/CM)
CYLINDER 1 0. 2053000E 02
CYLINDER 2 0. 2493100E 02
CYLINDER 3 0. 2493100E 02
CYLINDER 4 0.2428899E 02
CYLINDER 5 0. 2493100E 02
THRUST COLLAR  0.2508400E 02
FLY WHEEL 0.4101939E 02
COUPLING 0. 4793500E 02
PROPELLER 0. 8484200E 02

THRUST BEARING STIFF NESS

SHAFT STIFFNESS

(XG/CM)
0. 819958E 06
0. 169860E 07
0. 256706E 07
0. 169860E 07
0. 141580E 07
0. 116240E 09
0. 128490E 08
0. 230440E 08

B8t

CONVERSION FACTOR
0.142
0.186
0.270
0.186
0.081
0

0
0
0

0. 180000E 07 (KG/CM)
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5-2 ERIEREHES HiEE HEER

WA ek e o) T gl s RUTske] sk 4] 0 I HEERCR O] TR ek Mok

AT O L0
Bt

b
R S g

(1) NATURAL FREQUENCY

NODE OMEGA #x2 OMEGA KAD/SEC VIB.PER SEC VIB. PER MIN
0 0. 3564544E 04 59.70 9.50 570. 13
1 0.1216504E 05 110. 30 17.55 1053. 24
Z (. 4010866L ¢& 200. 27 31.87 1912. 45
3 0.9716037E 0% 311.71 49. 61 2976.57
4 0. 1637294E 06 404. 63 64.40 3863. 98
gy (). 2534781E 0¢ 503. 47 80.13 4807.75
6 0. 3040997E 06 551.45 87.77 5265. 98
7 0.9922245E 06 996. 10 158.54 9512. 11
8 0. 7600888E 07 2756. 97 438.79 26327. 15

(2) VIBRATION MODE
0 NODE VIBRATION MODZ

0. 1000000E 01 0. 9107515E 00 0.8200212E 00 0.7315991E 0G
{. 3606799 00 0. 3204271 00 0. 3222169E 00 0. 3346487F 00
0. 3390990 04
1 NODE VIBPATION MOLE
. 1000000F 01 0. 6934170E 06 0.4242201E 00 0. 1946523L 00
-4 I8G1I455E 00 -0). 6031343E 0C -0.6159711E 00 -0. 70758591 00
-0, 7407050 00
2 NODE VIDRATION MODIE
0100058001 08 (1, 4220036E-07 ~0. 4364990E 00 -0, 01611871 00
LABRE 6L LD 0. 5420294E-01 0. 6081939101 G. 1127010E 00
(3. 159226uF 4
3 NODE VIBRATION MODE
0. 10000001 01 -0.1432671E 01 -0. 5639238E 00 0. 5430368E 00
0. 1461509E C1 0. 6295335E-01 0. 4557408E-01 -0. 1261306E 00
-0, 19637938 G0
4 NODE VIBRATION MODE .
0. J000000E 01 -0. 3099398E 01 0. 2369837E 01 0. 2220502E 01
-0.3203833E 01 -0.4747164E 00 ~0. 4320552E 00 0. 1852239E 00
0. 4663266E 00
5 NODE VIBRATION MODE
0. 1000000E 01 -0.5346457E 01 0. 1148059E 02 -0. 5646976E 01
-0. 1106380E 02 0. 3182018E 02 0.3109473E 02 -0. 1243218E 01

-0. 1861888E 02



406 REBEASE X85 RE $8

6 NODE VIBRATION MODE

0. 1000000E 01 -0. 6613873E 01
0. 8529047E 01 -0. 2359986E 01
0. 1191998E 01

7 NODE VIBRATION MODE
0. 1000000E 01 -0.2410361E 02

0. 2869452E 05 -0. 4352328E 06
-0. 5754052E 06

8 NODE VIBRATION MODE
0. 1000000E 01 -0. 2073816E 02

0. 1835610E 08 -0. 2416284E 10
0. 2151059E 07

0. 1923055E 00
-0. 2374298E 01

0.3152913E 03
-0. 3544329E 06

0.2410485E 04
0. 1479893E 10

5-3 MMHMBARE Brol HMEL RAE HEm:

HEKB AN FEE 0.2~1.21& @HE ZE @B sto

€ Fig. 3o nolvh. HEMLRE Hatsty] st fiRg Waro
W5 FFTe| 9|3 @S HTE RUMES Fig 4o BQoh of71A, 0ff 5%, 0ff 7K,
At mBEHA O MY RAUMEE HEKT &R 19 EAES A= WESA &

ek

MCR

* Calculated values for each orders

o8 £age ounEn

5/0

~0. 2046263E 02
-0. 1425600E 00

~0. 2498247E 04
0. 1526599E 07

-0. 1729341E 06
-0. 5804394E 08

HET £ KBS KHRE) B
FHEfES REERE HAT RE

ATTAL VINRATION DISSLACI MENT 1

Fig.3 Displacement of axial vibration for each order (5L80MCE)

0ffi 1049l
F 2 32
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mlx Off 5KE AHidd W EEEdAe HEMES BAMET 2 —3Ete gled MCREHE
A o EY ERS FHALET € 5 ded, olAL 108RPMel A # R 185K 3%
#Rol BET] wet olo] HEA #iRE) BN PRo= el

3, Off 10Kkl A= 52RPM HbEH A1 WML Fhe] obF 2A vehvix 3ledl o] 2L 54RPM
ol A Thste v MR EET BRMERD B PEolzl 4Ase REEZ 0f7 10K iR
Fio] 57RPMelA vtehvtz gled ol AL WM & —Hslx &< & + U

5-4 IYIWO| MMEN FHEHR

EBBAH S EWEY 0.2~1.26% WHY =T M A4 0fF 5Kl 7 Aaie =9
AN HHWEHS Fig. 5] 2Aeh. A7 BEHE EHEFERE a=42 2y HHEL T
ek [21]

RWE7 doms RN FHES BET £+ doY #EMTR SRBos KL ReES
Bl vl glo) oiS ART MHE QL 4 e Aol

6. # ]

AF7AR MAA AWM HERRY  BHREGED HEH S RS old] HE BEHEz==a

W BT BR o2 #RE 99

(D & Bl BB BH=Z2IP 02 A off HAPABH HEMT dstd 2o
FEM EEBMR RIS MM AREERS Bio) TSl s %K) Holzerihzh: 2u) 3t
WE LS BERBEGERDBLE TT 4 Jome MCRESENA Jerd: JFtmdfs D3
Bell A s + QA =

(2) RAFER} HARRS EAS &~ o} BBEE 2T 2oz Y+t o& 2d=a
WRBERD ) ¥ EYHEDY BES 24 dx Qed BEE Aoz #wsd a9 EUED
e} Bl W ste] Wl BT st SEel.

) Sl ERHEBE Tl BHED il = 2F 205 Aopd e B = EHo BER
SB2 oz o] 59 WAl T W o ¥l HEY EHMS HERHA LEsI

Aol WREA K FolA BB BEI2I9S RIS BEMR Rt 80 ¥ Hoz &
¥t
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