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Two Stroke Low Speed Diesel Engine Crankshaft Crack Phenomenon

Study by Torsional Vibration Calculation & Measurement

w19
Joung-Ha Moon, Jeong-Ryul Kim
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5), Stress§ 3 ), OrdeA}5 ).Crank

ABSTRACT

In the past two stroke low speed diesel engine were widelyd dse marine propulsion. these en-
gine have many merit for example, higher thermal efficierayd durability. however, shaft vibration
problem was continuously rise up due to large power of twakstrlow speed diesel engine. spe-
cially, the initial stage engine revolution counter & sielas acculated. For that reason, sometimes
occurred crankshaft crack accident. In this study, regardhe initial stage engine, trying to analyze
what is cause the crack phenomenon using by latest torsidibehtion calculation program & meas-

urement equipment.
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Table1 Specification of 7L70MC Propulsion Engine 4719 Input Dates ¢&3dlo] HEY WFAA
o] &

Type 7L70MC =zl gfdstel s71sk o] 57
Cyl.bore x Stroke 700 x 2338mm =k
Power of MCR 20,930 kW x 110 rpm

Moment of Node Torsional
. Inertia | . = ~ (Component) ) ) Elasticity ]
Engine Pmax 140 bar ok o 2 @R 4 a T
Recipro mass 8,550 kg/cyl : s eTTeM &M a

Firing order 1-7-2-5-4-3-6
M.O.I(counter weight 345 kg
M.O.I(turning wheel) 7,390 kg

Type Fixed pitch propeller TG ‘5;;;%1: * Dt "
o st Dlamater

Dia of shaft 550 mm

Propeller No . of Blade 5 ea . . . . .
M.O.I (in water) 104,842 kg fn Fig.6 7L70MC Torsional Vibration Modeling

Weight 33.6 ton
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l W — HER $8e 22N/mnf 02 34 gk 29N/mnfo]
Intermediate Shal -
[ ][:::7,7:?;::73"“][?"r?»ié“@'?'?iii““] W& wEsta 9ok

Propeller Propeller nertia [ Propeller Damping ] [pmpeuer Excitation }
Rotor Inertia L
Rotor Shaft . : Generator Power L.

PTI/PTO ] Rotor Shaft ][ Generator Shaft ][Menham:al Efficiency [ Motor Power ]

Generator Shaft
Fig.4 Torsional Vibration Input Data

S
)

¢ 7L70HC "
c

YARD

BUILDR

CONFIG  FORGED SEWI-BUILT THROW 242603

REMARK REGULAR FIRING w
C CONFIG  TURNING WHEEL 7093 KGHZ

C CONFIG  FORE COUNTERWEIGHT 345 KGH2

C REWARK  CF-32 WATER BRAKE L
ENGINE 7L78MC -
ENGDIN 700 2268 2730 £
0SCMAS 58

C 0SCHAS 8986 8558 8558 8850 8617 8661 8986

PRESSU o 1 d

HARMON 242336

HCRPOW 20930 110

PROPOV 20930 110

FIRORD 1725436

€ FIRANG 0 107.9 257.1 213.7 157.3 316.6 59.4
C PICORR .5 .5 .5 -.5 -.5 -.5

C MISFIR 14

‘ o

INERTI 38 517. 0.08001 784 0 0.00 L] 110.

CYLIND 1 14119, 0.4590 784 392 0.85 -0.5 110

CYLIND 3 14119 0.5850 784 392 0.85 -0.5 110.

CYLIND 4 14119 0.6240 784 392 6.85 -0.5 110. H H

WIM 5w,  oazaa 7ew 3 0es 0.5 1w Fig.7 7L70MC Torsional Stress

CYLIND 6 14119 0.5860 784 392 0.85 -0.5 110.

INERTI 27 7420, 0.4150 784 392 0.85 -0.5 110. |

INERTI 32 7450, 0.3390 784 150 0.50 L] 110,

MERTI 4 sw2 ‘eeme 350 's e e.0 1. _ o] Aodle

INERTI bl 889.4 12.1007 550 L] 0.50 0.0 110, = H H

N e Caey Wb oinooo e g2 H]E™ Torgeu Limitd] 7-$-o%= Normal
ul 91

RevoLy 70 125 am Operation % One Cylinder Misfiring Operati

PLOSYS

et A Z+7F 3000kNm, 4400kNn®  Limit] 4860kNm

STRESS 2 3 45 6 7 27

o WHeE AL B 5 vk

maxtrq 12 3 456 7

CLASS IACS 44 606 1 550
CLASS IACS 73 600 0.55 632 0
ACCELE 27

AMPLIT 38

EXIT

Fig.5 7L70MC Torsional Vibration Input Data
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(2) Inter-Shaf¢} Propeller-Shaft
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Fig.12 7L70MC
Propeller Damage.

Inter-shaft Stress Limit

—ALTERGATING TORS. STRESS TN THE Propller Shaft DIA = 600.0 Wl
b-Hijma2
th) Iagy,
4 iis_{ i
P . |
", |
|
7 I
80 L |
|
o - 2 |
50 5 3 i
+ * |
401 _1A85-¥68 08 gy o | 2y I
SBILE b0, w1 g, ;
30 - |
+ L M«HH\\H | + |20
0 A 4 =~ | » A
v ~—L_pt
# ta & tw anfr®
Mo giut | HHEE
{12 g 10
-
N W 4 M @ T @ W W 1 w0

CUIR SPEED | POVER 4
110 R 20650 KN

Fig.13 7L70MC Propeller-Shaft Stress Limit at
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J' 1 39.3[rpm]
e z18.6(rad/s’]
1.5 I D [ [

Fig.17 Measurement result of 7th order

Fig.15 Telemetering System at Inter-Shaft
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(1) Crankshaft Fore End Angular Acceleration " . —_ o R I-

)L | 72.8[rpm]
Crankshaft Fore End Angular Acceleratiofi’} +4.0[rad/s’]

3o 24 A% wa @ 2% 717,180

B3 9tk ol oA el £A F5H

Golml B3 A el A% AFA7 ARAR

g o 9ol golg 4= 99l Fig.18 Measurement result of 17th order
Calculation Value&s Pk-PR™ 2ZX= RMSat
o7 ZH HUrh T .
<18%}>
_—_— " b L | a8Arpm]
f\ : +4.5[rad/s?]
38.6[rpm] I
+20.1[rad/s?] /
| W W g 7 -
74.1[rpm] T il
N +6.2[rad/s?] [

Fig.19 Measurement result of 18th order

70.1[rpm] !
+4.9[rad/s?] /

Fig.16 Calculation of Crankshaft Fore End
Angular Acceleration
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Table2 Comparison of Calculation and Measurement
at Crankshaft Fore End Angular Acceleration

Calculation Measurement Remark
Order | rpm |#rad/é| rpm |+rad/€| rpm | zrad/é ‘
7" | 386 | 201 | 39.3| 186 1.8% -7.4%
17" | 741 | 62| 728| 40| -1.7% -35.0%
18" 70.1 4.9 68.4 4.5 -2.4% -8.1%

(2) Result of Inter-shaft Stress Calculation and

Measurementd]

Inter-shaft stressAlxt A¥} ¢} Strain gauges

4% Ave v

A3} s Hola

g A3} 7AR A7) Aol rER
itk A SHgE Hola
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AT
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o Ag- ASA7} ALMAEG GA vea Jd&s
tela 4 919,
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@ +64[N/mm?]

67.5[rpm]
+8.0[N/mm?]

Fig.20 Calculation of Inter-Shaft Stress

Viriing © Imput - MuS-ufie:

e Anaipar
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£58.5[N/mm?]

<7X}>

Fig.21 Measurement result of 7th order
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- <4Xp>
wd—t - : } 1 1 .ﬁg_ﬂ.[rpm} '
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Fig.22 Measurement result of 4th order

Table3 Comparison of Calculation and Measurement
at Inter-shaft Stress

Calculation Measurement Remark
Order | rpm | +N/mm? | rpm |[+N/mmZ| rpm |+N/mn?’
7" |386| 640 | 393 585 1.8% -8.5%
4" |675| 80 | 69.0] 65| 22% -18.0%
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