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A Study on a Torque Fluctuation of Marine Diesel Engine

Ji Woong Lee

Department of Marine System Engineering
Graduate School of Korea Maritime University
(Supervisor : Prof. Jae Sung Choi)

Abstract

From a few decades, lots of researches have predicted that oil reserves
are already passed the peak. We still rely on fossil fuel, but any energy
can’t replace with fossil energy so far. China has recorded 10% economic
growth every vyear and the growth of China has been leading world
economy from global recession. However, the more China has grew up, the
more increase oil consumption. The growth of China causes rising of oil
price.

The efficiency of engine power began to take a growing interest because
oil price was increased. Monitoring & diagnosis systems have been set up
in almost all ships which were constructed lately in order to check the
engine power and condition.

There are two methods to obtain engine power. One of them 1is to
calculate indicated mean effective pressure by cylinder combustion pressure
and another is to measure the strain from propulsion shaft like torque meter
and dynamometer.

Low speed engine such like marine diesel engine has high combustion



pressure. If combustion pressure of one cylinder is largely differed from the
others, torque fluctuation become out of balance. Torque fluctuation brings
on torsional vibration to caused of breakdown of propulsion shaft.
Confirming and checking the torque fluctuation by monitoring and diagnosis
system in real time can make the vessels safe and economical.

Controlling of emission from onboard ship as well as on land being more
important issues. Especially, the CO,; gas is the biggest issue and many
conferences about it have been held from 1997, the Kyoto Protocol to Dec
of 2009, Copenhagen, in other to reduce CO,, but the conferences didn't get
a good result due to different opinion between developing countries and
developed countries. In Cancun conference which was held in 2010, mutual
agreement about reducing green house gas was reached. They were
regulated and had been taken effect from 2005 in the name of ‘Prevention
of air pollution from ships’ in the MARPOL 73/78 Annex VI. The air
pollutants as NOx, SOx, VOCs can be reduce by several ways such as
CR(Common Rail), EGR(Exhaust Gas Recirculation), SCR(Selective Catalytic
Reduction), but the best way to reduce COz is to decrease rate of oil
consumption.

This paper describes methods of measurement of cylinder pressure and
shaft speed by using encoder which is set up on end of shaft in test engine
A. This paper also describes methods of measurement of shaft speed by
using pick up sensor set up on flywheel in test engine B. The torque
fluctuation was calculated by combustion pressure measured in test engine
A. The variation of shaft speed was measured in test engines A and B and
then shaft torque was calculated by the shaft speed. This paper shows the
results considered of shaft torque fluctuation which was measured by the
variation of shaft speed in order to confirm torque fluctuation calculated by

cylinder pressure.

_iV_



Nomenclature

BHP : Brake Horse Power

FFT @ Fast Fourier Transform

[HP : Indicated Horse Power

MCR : Maximum Continuous Rating
NCR : Normal Continuous Rating
TDC : Top Dead Center

a . piston acceleration

B : thickness of arm

Fg . force of gas pressure of piston
F, @ inertia force of piston

F, : turning force

I, mass moment of inertia

k : radius of gyration of area

| : length of connecting rod

m: mass
M., . : total reciprocating mass
M., © total rotating mass

M .M, + M

rec rot
n . revolution per minute

r © crank radius

s ! storke

T . torque

1. : engine torque

T; * torque fluctuation

7;’] . torque of gas pressure
7,, - mean torque



T, - torque by propeller

7). : torque of inertia force

« : angle of circular arc
p © density
u . piston velocity

x . distance of piston from crank shaft axis

n * mechanical efficiency

0 . crank angle from TDC

¢ . angle between con. rod and cylinder center line
A l/r

w : angular velocity of crank shaft

_Vi_
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Table 1 Specifications of test engine

Specification
A B
Engine type 6L42MC/ME 6L35MC
Number of cylinder 6 6
Cylinder bore 420 mm 350 mm
Piston stroke 1,360 mm 1,050 mm
Connection rod length 1,638 mm 1,280 mm
Max. continuous output 8,123 BHP/ 176 rpm | 4,000 BHP/ 200 rpm
Normal continuous output 6,908 BHP/ 167 rpm | 3,400 BHP/190 rpm
Reciprocating mass 1,872 kg 815 kg

Table 2 Specification of encoder of test engine A

Item Specification
Type D23SR15
Source Power DC 25V
Pulse / Rev. 360
Output A B, Z
Tolerance 0
Internal Clock Count 5,000,000 [count/s]
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Table 3 Specification of pressure sensor of test engine A

Type kistler6961A250
Range sensitivity Linearity
[bar] mV/bar <+%FSO
0 ~ 200 (237C) -19.98 0.05
0 ~ 200 (2007C) -20.07 0.10

Table 4 Specification of inductive proximity sensor of test engine B

Item Specification
Type PR12-2DN
Power supply 12 to 24 VDC
Power consumption Max. 10mA
Standard detecting target 12mm X 12mm
Detecting distance 2(mm=10%)
DN NPN normal open
Response frequency 800 Hz
Internal clock count 1,666,000 [count/s]
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6,928.8kg'm?, 3,383.0kg'm’E A& &ttt

Table 5 Inertia moment of mass (test engine A , B)

Test engine A Test engine B
Description @ass Tnoment'of Description mass 'moment of
inertia (kg'm?) inertia (kg'm?)
Flange 19.0 Tuning wheel 471.0
Cylinder 1 1,127.0 Cam Drive 65.2
Cylinder 2 1,127.0 Cylinder 1 338.4
Cylinder 3 1,127.0 Cylinder 2 338.4
Cylinder 4 1,127.0 Cylinder 3 338.4
Cylinder 5 1,127.0 Cylinder 4 338.4
Cylinder 6 1,127.0 Cylinder 5 338.4
Cam Drive 502.0 Cylinder 6 338.4
Turn Wheel 571.0 Thrust C 43.6
Flange 62.0 Turn wheel 252.2
Flange 62.0 Flange 34.7
Flange 60.0 Flange 34.7
Flange 74.0 Flange 34.7
Propeller 5,543.0 Flange 34.7
Flange 34.7
Propeller 2,706.4
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Fig. 5.11 Torque fluctuation of one cycle at 121rpm by speed variation
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Table 6 Comparison of mechanical efficiency of measured data and sea trial data
(Test engine A)

measured | IHP[kW] | BHP[kW] | 7, Sedaazial HP[KW] | BHPIKW] | n,,
121 rpm | 1779 1549 | 0.87 | 111 rpm | 1544 1334 | 0.86
150 rpm | 3193 2988 | 0.93 | 144 rpm | 3334 3062 | 0.92
167 rpm | 4705 4073 | 087 | 171 rpm | 5186 4864 | 0.94
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Table 7 Comparison of measured data, shop trial data and sea trial data
(Test engine B)

Measured data shop trial sea trial
BHP(kW) BHP(kW)
Measured Measured
rpm Added Added rpm rpm
BHP(kW) BHP(kW)
mass(25%) | mass(0%)
130 rpm 837 748 126 rpm 736 132 rpm 688
160 rpm 1532 1362 159 rpm 1472 162 rpm 1300
190 rpm 2567 2294 189 rpm 2502 195 rpm 2335
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Table 8 Maximum and minimum values of torque fluctuation by each revolution of
test engine A

Test engine A

) ratio of
TQmezm TQmax Tqmm lef' .
fluctuation
[kN'm] [KN-m] [kKN'm] [kN'm]
[%]
121rpm 123.1 141.1 105.6 35.6 29
150rpm 189.7 213.2 166.7 46.5 25
167rpm 232.5 261.3 204.1 57.2 25

Table 9 Maximum and minimum values of torque fluctuation by each revolution of

test engine B

Test engine B

] ratio of
TQmean TQmaX Tqmin Diff. fl t t
uctuation
[kN-m] [kN-m] [kN'm] [kN'm]
[%]
130rpm 61.0 73.7 50.1 23.5 39
160rpm 90.9 108.9 75.5 33.4 37
190rpm 128.7 152.7 105.7 47.0 37
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