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Study on the Vibration and Strength of the Long Stroke Diesel Engine Crank Shaftings

(2nd report : Proposal of a Calculation Method for the Coupled Axial-Torsional

Forced Vibration of Shaftings and Introduction of

Measurements on Actual Engines)

by Shigehiro Homori, Member

Minoru Kamata, Member

Yasuo Sasaki, Member

Summary

Following the previous report which proposed a new calculation model for crank shaftings
of the long stroke marine diesel engine and an evaluation method for the stiffness of crank
throws, a calculation method for the coupled axial-torsional forced vibration is presented in

this report.
is newly introduced.
out during both shop and sea trials.
ism of the vibration.

In the method, conversion of the crank pin force into the equivalent axial force
Moreover, accurate axial-torsional vibration measurements were carried
Minute analysis on the test results revealed the mechan-

Calculation results by the new method show fairly good agreement with the measured ones
only except for higher harmonics oscillation at the resonance of 1-node torsional vibration,
which is recognized to be caused by non-linearity of the thrust block stiffness.
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Crank Shoft
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Fi:EC‘JZVAL:E.‘JT AXTAL AMD TORSIONAL FORCE EXCITED BY PIN FCRCE.

Fig.1 Equivalent mass-spring model of
shafting system (case of 6 cylinders
engine)

NEHEERRET S, chicXhiis 3 v 7¥EN, 2
v rERNOERTERCER L, #RU)odERY
ELLFHETE, BRREPEREC LB EI—UTH
e TLTZDISRLTRDONDE 75 v 7RIESD
offt, FrXIERDEZEHR LT, REIEELXRD 5,
—FEEE ROV T, EEORIREI D IEFE28)
Y, EREHREOBEBREM &L ORE) VL R IE
BT LZLXEME L, &R e -
GUEETH 2R LEE - B EERG-Thick T E
Wi Ulco ABBY T 0EBEFTERBR LR, BERT
W, BRIRBIICE T EER CERE E A BT D,

2 EROHAR LYREBGEHESE

B EM UL, 727 v 78R% Figl wrRd o
STFEERETVREBEHRL THS0 cO@WREFLT
BREICE R (1) RoOEHFHHERX THII B,

[MX}+[CH{X}+[K]{x}={F} (1)
ot (M, [K] e ZhEETH, AT Th

D, LORDFIC2CTIXRER THH Lo [C] 13
21150, {F} QBRI 7 b, {x} BFEHEOMRK
ChUVAENERT 7 b1 ThH B,

(DROBEFILERERDDZECLY, ERLULD
HRZER LRGSR YMD Z LN TE 5,

FETRET, (DA CHIRLREL LS
BIRSI<27 bv {F} ©5%, 77 v 7 @REN O
ELOWCTHRRBRET 5, v U0k, WE
DR TRN, RENSEFEEE T L5,

2.1 U7 HERIEHOFEME

Fig.1 ofFHEHR = 5 CREEEEYRD 55
&, BIEDE LCEMcEA AN, hUh ta 2 2EH
Lichidiebicw, 725 v 7 Aan —BoiiEHTs 5
YIEYEIZERL, 1 AR —kfFATAHERDFR
WEaEHRELFg 20X 51t sd, i BI/5Vv I A
R —DEYENCIERT AR, KEAYAED L GEE
BEEEIOTcH Y, haFEEHD (Fry, 255
(Ft) oI s 2, s iy mEes GRERD,
BEIREMNL LR U AT YHRT S, #EMYHE
THRENDOFHEC OV TR O D EEIRE S

I
N

Fig.2 Pin force and bending moment acting
on one crank throw
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Fig.3 Angular and axial displacement by
unit pin force or bending moment
in one crank throw
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Table 1 General particulars of measured ships

PARTICULARS
SHIP (R) SHIP (B)
SHIP TYPE EULK CARRIER PURE CAR CARRIER
TONNAGE 10,000 67 31.460 GT

2 STROKE CYCLE 2 STROKE CYCLE
RTA 58 RTA 62

ENGINE TYPE

NO. OF CYLINDERS
X BORE X STROKE
ENGINE POWER
X SPEED (MCR)

6 X 580umM X 1700MM 7 X 620mM X 2150mM

11520 PS X 123 RPM 15650 PS X 99 RPM

2 2
Praax 128 KGr/cH 139 KGF/cM
FIREING QRDER 1-6-2-4-3-5 1-7-2-5-4~3-6
PROPELLER TYFPE CONVENTITONAL HIGHLY SKEWED
BLADE MO, X Dia. 4 X 6250 mm 5 X 6400 MM
PITCH (AT 0.7R) L0470 MM BLU74 MM
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Fig. 4 Sensor positions for axial displacements
measurement (6 RTA 58)
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Fig.5 Measured axial displacement wave forms (6 RTA 58)
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Fig. 6 Order spectrum map (axial vibration during shop trial : 6 RTA 58)
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Fig.8 Order spectrum map (torsional and thrust stresses on intermediate
shaft
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Fig.11 Resonance curves of axial vibration at
fore end of crank shaft (6 RTA 58)
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Fig.13 Resonance curves of crank pin fillet
strain (No. 4 throw fore part, radial
direction : 6 RTA 58)
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Fig. 14 Vibration modes of axial displacement
(6 th order, 6 RTA 58)
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Fig. 15 Resonance curves of axial vibration
at fore end of crank shaft (7RTA 62)
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Fig. 16 Resonance curves of longitudinal
column vibration (7 RTA 62)

N
e

1

SINGLE AMPLITUDE
(MICRO STRAIN)

n
o
1

L e N 2t e e S Bt R B e

LA e e LA B e M Tt et )
30 40 50 60 70 80 80 100
) ENGINE SPEED (rpm)

Fig. 17 Resonance curves of crank pin fillet
strain (No. 2 throw aft part, radial
direction : 7 RTA 62)
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Fig.19 Comparison of torsional stress on
intermediate shaft between calcu-
lated results and measured ones
(Ship A, 6 RTA 58)
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Fig. 20 Comparison of axial vibration at fore

end of crank shaft between calculated

results and measured ones (Ship A,
6 RTA 58)
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Fig.21 Comparison of torsional stress on in-
termediate shaft between calculated
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Fig.22 Comparison of axial vibration at fore
end of crank shaft between calculated
results and measured ones (Ship B,
7RTA62)
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