AR 2978 (KK M o 28R 2
Gt W] [ R E B Ep o]l B3 B SR

A Study on the Instantaneous Speed Variation of
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A Study on the Instantaneous Speed Variation of
a Low Speed 2 Stroke Marine Diesel Engine

Jin-Uk Lee

Department of Marine Engineering
Graduate School of Maritime Industrial Studies

Korea Maritime University

Abstract

It is very important matters for ship’s operation to keep ship’s safety and
saving operation cost and one of requisite 1s an optimized operation for
main engine.

To achieve the optimized operation of main engine, it is imperative to
check the performance of main engine periodically.

There are several types of analysis equipment to check the performance of
main engine such as mechanical indicator, Maihak and electronic indicator,
EMS(Engine Monitoring System) and etc.
However, it is reported that the IHP calculated and measured from EMS
has a deviation compared to mechanical indicator.

EMS measures the cylinder pressure by piezoelectric transducers and
crank angle is just detected through TDC sensor at constant time, not

real-time.



This paper proposes another method to estimate the in-cylinder pressure
and torque by using crankshaft speed variation.
The variation of the crankshaft speed in a multi—cylinder engine is determined
by the resultant gas pressure torque and the torsional deformation of the
crankshaft. Under steady state of operation, the crankshaft speed has a
quasi—periodic variation. For the diagnosis, the engine instantaneous speed
versus crankshaft angle is utilized.

This paper describes a simple measurement method of the engine instantaneous
speed versus crankshaft angle by using the teeth on the flywheel of the
crankshaft. Two non-contacting magnetic pickup combinations detect the crank
angle and TDC position to acquire the data. The result from experiments on a
6 cylinder marine diesel engine demonstrates that the crankshaft speed
variation i1s well detected with good resolutions.

In the meantime, there are several researches for the automobile engine to
meet OBD II regulation for the prevention of air pollution, one method of
which to detect misfire using crankshaft speed wvariation.

Furthermore, the validity for the method is verified during the cylinder
cut-off condition for marine diesel engine and the wide crankshaft speed
variation is shown while the governor controls the engine continuously.

Also, 1t is confirmed that the engine output measured by EMS could be
over evaluated than the actual value due to TDC position error caused by

instantaneous speed variation.

key words : Instantaneous Speed Variation(s=7F %= %), IHP(Indicated horse
power), Engine Monitoring System(EMS : 7] % 7FA] Al 28,
Misfire(2 3}), OBD(On Board Diagnostics II), TDC(Top Dead enter),

Main Engine(57]3), Marine Diesel Engine (AuHg a7 34)
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Nomenclature

BDC bottom dead center

BHP brake horse power

BMS bridge maneuvering system
ECU engine control unit

EMS engine monitoring system
FFT fast fourier transform

IHP : indicated horse power

MCR maximum continuous rate
NCR normal continuous rate

OBD II: on board diagnostics I

TDC top dead center

Co . clock count number of the duration for tooth
a . piston acceleration

F, . 1nertia of the piston & moving parts
r, : gas force on piston

A : moment of inertia

[ . length of the connecting rod

N(n) : crankshaft revolutions per minute

N,,.  : normalized instantaneous speed
Ny : mean speed

Ny © instantaneous speed

M . number of flywheel tooth

R, : speed variation ratio

T : crank radius
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. stroke
. torque on crankshaft

. period of clock count

1 -1,

. engine torque

. torque of each cylinder

. torque due to gas pressure

: torque due to propeller

. torque due to reciprocating masses
. piston velocity

. distance of piston from crankshaft axis

. piston mass

. reciprocating of connecting rod mass

, + W,

. retard angle of TDC

. crank angle from TDC
. angle between con. rod and cyl. center line
S/ r

. angular velocity of crankshaft

Subscripts

. cylinder number

. number of cylinders
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Fig. 2.1 Displacement of piston
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[ A7l ag A52384 0a7] 3 (MCR 200 rpm, 4 000 BHP) &

2 Table 12 2 7139 ApeFolt)

Table 1 Specification of Test Engine

Item Specification
Engine type 2. stroke, ?ingle' acting
diesel engine with T/C
Number of cylinder. 6
Cylinder bore 350 mm
Piston stroke 1050 mm
MCR 4000 BHP @ 200rpm
NCR 3400 BHP @ 189.5rpm
Firing order 1-5-3-4-2-6
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A *
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E Tooth & Trigger
Magnetic Sensor
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Fig. 3.1 Diagram of counter acquisition system
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Table 2 Specification of flywheel tooth sensor

Item Specification
Model PRI2-2DN
P PE DY 2HAA
R A3
A=W AF 12mm
A=A4 2(mm+10%)
DN A F34 2 =¥ NPN normal open
sHTIgT 800 Hz

Fig 32 Tooth & TDC(trigger) sensor on the flyw heel
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18] # A (Central Processing Unit : CPU)
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st pp
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Fig. 3.3 Equipment for counter acquisition unit
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o] mlolmaR2EZZ A A= Flywheel Tooth <3 AA (Proximity Sensor)=-E
AZE% Pulse(#% 3) Signal ® TDC(Trigger) Signal Photo Coupleo] ¢ 3}
of Bre AT E YAE HolHE HMIEEE Ho] i, Processor Internal

Clock Generatoroll A ¥A 3% Clock CountE &4 AEst== A A A zsdct.

FH 220 ROMAA = EYE Aol AlS¥E 7 Tooth Aol Clock Count
FE AANNoR FAFEE e ZROYPY JEEHE VSRS ¥
ATh Eg RAMS AAzto =2 dojx= A& AAstal RS-232 Falehels
3 R delHE F HFHE AFstes sto] WF = tz=e Ho]
HZ 4% 22 59

Fig. 332 23 A8¥ Counter Acquisition UnitelA CPU, EEP-ROM,
E-ROM, S-RAM, I/O Unit, Decoder &% A|2td AvE RolFa dr}

Fig. 34+ 19 7H4e CPUS =33k Z7te] 3 4xpe] Al A Circuit

Diagram-= X.o] T3l QlT},
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3.2 A5 2%

FUEENF FHe FoIA AF T vhsk Lol FHehold AR Aol F
Holgl AA(tooth)sh A3 & Abi Ake AW dih FAse F
ol @ AR 2HAA AEALe] mste] WA ABE FHRE W
foha, WA T Apole] Ae ZHAAT

=2
rlr
ot
Y
b
1o
oL

oluf x| zFAFe] 9] internal clock % 35 (sampling)dl+= W

Aok BAGe] dAHTA clock FH5EE A AIE WH

sampling) @} 349 WLk vl st clock F345+5 T7/HAA F713 e
o, F

v (synchronous frequency sampling)o] 912 Q3 AL 1 Fug A

(fixed frequency

(High Frequence Rate)©]t}.

Rl

w ArM e eI AEEE S48 sk, Internal Clock 3%

R

Ho

A3} fixed frequency sampling ¥ S o835 om SHxHAL Auto]

o oA F=2 o]fxHE= +xdFA F Dead Slow(80 rpm), Slow(100 rpm),

Half (130 rpm), Maneuvering Full(160 rpm), NCR(190 rpm)°l w2} 3+ Alo] &

sete] A= Zg o] - (FlywheeD2l o] (tooth) Abolol Internal Clock 4%
AS skl
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