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Abstract : Different methods are used for determining the output of engines to obtain the indicated horsepower by measuring the combustion pressure
of cylinders, and to obtain the shaft horsepower by measuring the shaft torque. It is difficult to examine the shaft torque using the condition of the
cylinder, and the most accurate method used for determining the combustion pressure involves examining the combustion state of the cylinder to evaluate
the engine performance and analyze the combustion of the cylinder. During the measurement, the combustion pressure is the most important parameter
used for accurately determining the cylinder angle because the cylinder pressure is indicated based on the angle of the crankshafi. In this study, an
encoder was used as the crank angle sensor to measure the cylinder pressure on the generator engine of the actual operating ship. The reasons for the
differences between the top dead center (TDC) recognized by the encoder (TDCencoder) and the TDC recognized by the compression pressure (TDCeomp)
were considered. The differences between the TDCeomp and TDCencoder Of the cylinders measured at idle running, 25 %, 50 %, and 60 % loads were
analyzed to determine for the crankshaft production effect, the crankshaft torsion effect owing to the increased rotational resistance from the increased
load, and the coupling damping effect between the engine and generator. It was confirmed that the TDC error occurred up to 3° crank angle as the load

of the generator increased.
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Fig. 1. P-0 diagram for compression and maximum pressure.
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Fig. 2. Diesel Generator engine with engine driven generator.
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Fig. 3. Pulse waveform Tolerances of angle sensor (encoder).

Table 1. Specification of encoder and pressure sensor

Item Specification
Type Line drive type
Resolution 720
Encoder Output pulse A, B, Z
Input voltage 5vDC
Tolerance 0
Sensor Type Piezotron Pressure Sensor
Combustion Pressure range 0~ 250 bar
pressure Operating range -50~300 C
sensor Input current 4 mA
Output bias 9~14 VDC
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Table 2. Engine Specification

Model engine specification

Type ZIMD-MAN B&W 6L23/30H

Bore/Stroke 230/300 [mm]

compression ratio 13:1

Length of con-rod 69.3 [mm]
Firing order 1-4-2-6-3-5
Normal rated speed 720 [rpm]
Maximum output 700 [kW]
Maximum pressure 13.0 [MPa]
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Table 3. Peak position of the compression pressure

Cyl. NO. 1 2 3 4 5 6

360.4 359.9 360.9 361.0 360.6 360.7
TDCeror[ °CA] 0.4

Pcomp position[°CA]
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Table 4. Combustion interval by firing order after TDCeyor

collection

Cyl. NO. 1 2 3 4 5 6

TDCeror collection 360 359.5 360.5 360.6 360.2 360.3

Firing order 1 4 2 6 3 5 1

Firing angle error 06 -11 08 02 -03 -02

Combustion interval ~ 120.6 118.9 120.8 120.2 119.7 119.8

7h AAH ] TDConper 7102 3F0] H-3E TDCoomy©l
W3S F438W TDCarn®l 1S 2 AUk
Fig. 6~ 11-2 25%, 50 %, 60 %2] -3}oll A P-0 %2} dP-df
AEE HolFa gith o] 18oA TDC o] %o A=) &
A= 7] WZell Pecompet Pmax”’} 13 FEEE LYZE
a2la ATk o714 Peompt 37| THE S SHE TDCeomp®l
o2 o] (AL FAH 3t Tt w2 TDCoom #1319

=

I E

- 432 -



oA WEE $AT 5 itk BAdolel ¥a} A HA%
Age] F7hm Bl AA A} WA Aole] &7

=, E9NE AEEY FAoE YEdE 2

Fig. 49} 59] 0% TDCeror 2} H] L3} 25 %, 50 %, 60 % -
of sl dp/df Lo A FElrt SUbskRE 7b A
9] TDCeomp® 0] A HO 2 2L Q58S G
2

0% HF-3sloll A& No2 AU 2xk7ko] TDC o] Hd
TDCoomp”t & WFWH Fig. 6~112] 25 %, 50 %, 60 % -3}l A=
A A -H 9] TDCoomp”t TDCopooder ©1 A0 WFEFLFAL Qlo] H A
DC @xt7b 117 # 4L de& & 4 Stk

Azle] €2 A7)

fo M
il

o ¥
N >
2 i
SN

ox
>,
N
=
>,
toby
[

ols
ol
X
i,
g
O

X
1

ol
ol
=2 4
_>.:

2

24

Cmmpﬂ 20~3.0°CAE - iékﬂ L2p7h Ayt

< X e U
;

V7] ol FARE 5= gl FA|olt) o] & FAIstaL &
& ZA4sw A 0%e] FASH oA BAY Aow
T, AnsiAel oAk 3.0°CAE XIS &
= VA7 "l o] exE areldteiof AR E TS

e = gtk
60.0 -
4 ~No.1 Cyl.
50.0 4 fri No.2 Cyl.
[ ¥ No.3 Cyl.
40.0 - | Nod Cyl.
No.5 Cyl.
No.6 Cyl.

pressure [bar]
4
fond
Ll
;

0.0 -+ - : : T ;
0.0 1200 2400 3600 4800 6000 7200

Crank angle [deg.CA]

Fig. 6. P-0 diagram at 25 % load.

01 4
—No.1 Cyl. ——No.2 Cyl.
No.3 Cyl. Nod4 Cyl.
—No5 Gyl —No.b Gyl

TDcencoder
-

-0.1

Crank angle [deg.CA]
Fig. 7. dp/df diagram at 25 % load.

o
f
IS
§
ﬂ&
T
3
o
o,
o,

100.0 4
—No.1T Cyl.
No.2 Cyl.
800 m/; No.3 Cyl.
= [ Nod Cyl.
£ 600 {1 —No5 Cyt.
% ] ,t:\ No.6 Cyl.
g 400 A I\
a
200 A / \
,./ v
0.0 A T T .
00 1200 2400 360.0 480.0 600.0 720.0
Crank angle [deg.CA]
Fig. 8. P-0 diagram at 50 % load.
02 -
—No.1 Cyl. No.2 Cyl.
No.3 Cyl. No.4 Cyl.
~No.5 Cyl. ~No6 Cyl.
TDcencoder
s

-0.2 -
Crank angle [deg.CA]
Fig. 9. dP/df diagram at 50 % load.
100.0
A ~—No.1 Cyl.
800 .:f No.2 Cyl.
P No.3 Oyl
= I No.4 Cyl.
8 600 - No.5 Cyl.
% [ A No.6 Cyl.
% 400 A
a
/ |\
200 -
LN
00 4+—— ey T T — e
0.0 120.0 240.0 360.0 480.0 600.0 720.0
Crank angle [deg.CA]
Fig. 10. P-6 diagram at 60 % load.
02 4
—No.1T Cyl. No.2 Cyl.
No.3 Cyl. No4 Cyl.
o1 I No.5 Cyl. ~—No.6 Cyl.
S TDCencoder
. ;
il
2
Q.
hes
-0.1 A

0.2 4

Fig. 11.

- 433 -

Crank angle [deg.CA]

dP/d0 diagram at 60 % load.




olAE - A

Fig. 125 0%, 25 %, 50 %, 60 % 3t A3 FAs 7+ A
A9 TDCeror®] Zt=E F-sPE= YERd 28iZolth 4
Aol A Faprt F7hE s o
st 22 S A J5S EAF 4 lon, 71 A9
R 5a7F S71835 S TDCarat= ()8 =, TDCencoter -
% TDCoomp”} WebdS ER1E 4 QUth o= A7) end
bearing®l] A X b= AT TDConeoter HTF AFIANA S
== TDCoomp”}t -3t 710l whet A etz & o m] gt
7] Fste] St 7l Fake] F7kR oloj A ar Al

ALY Aold f70] B AA 7|
A

e
iy
T

)

ol

o

rir

@)

1o,

to

i

2

1o,

E

20 ~
—o—No.1 cyl. No.2 cyl.
No.3 ¢yl Nod cyl.
~%-Nob eyl ~#-Nob oyl
<
S T |
b 60 70
=,
o e
[} T
- ]
40 A

Engine foad [%)]

Fig. 12. Difference angle by deformation of the crankshaft

on multi-cylinder engine during operation.

4. 2 E

BoATel A Autg F4uA7] A s}
FHANE o) §otol AP o] He JAd dEs 5
A wA g A& AL TR A

TDCerors QIO 2 M Aukg 7] tAadzlel =
| obd A9 F, AYIAAZE A& ol o

Aol ogk eakg gtop &

Aol Aol A Fkzbo] Ao 1.1°CAZHA] ©f

feh 2 49
b 98 gastdn

B AGeIA R8Pt FHBEE TDCaw F7H3H3 AT
3°CA U)917H) TDCwu?h BATHE SHelahelth. ol 2%
go| 54 A TDC ©A4E BASHA oW At 30%7HA
RS §UT 5 glomz MEA o F nYd FUSYL

g F¥o] Agd 5 9l

B Aol N e Al 2359 dute] Ag ASste]

& U TDCarr®l RSN tete] uzsigict 2

Hop Ao 52 Y98 AT ¢ =S Aed TDC
2t 7 ST TDCeror®] €141

References

[1] Chang, H., Y. Zhang, and L. Chen(2005), An applied
thermodynamic method for correction of TDC in the indicator
diagram and its experimental confirmation, Applied Thermal
Engineering, Vol. 25, No. 5-6, pp. 759-768.

[2] Charchalis, A. and M. Dereszewski(2013), Processing of
instantaneous angular speed signal for detection of a diesel
engine failure, Mathematical Problems in Engineering, Vol.
2013, No. 659247, pp. 1-7.

[3] Jung, G. S., J. Y. Choi, E. S. Jeong, and J. S. Choi(2012),
Correction of TDC Position for Engine Output Measuring in
Marine Diesel Engines, Jourmnal of the Krean Society of
Marine Engineering, Vol. 36, No. 4, pp. 459-466.

[4] Jung, G. S. and S. K. Lee(2018a), Method for collecting 1
cycle data for output measurement and combustion analysis
of large-sized low-speed 4 stroke engine, Korea Patent
1019277860000.

[5] Jung, G. S. and S. K. Lee(2018b), Method for collecting 1
cycle data for output measurement and combustion analysis
of large-sized low-speed 4 stroke engine, Korea Patent
1019130700000.

[6] Jung, G. S. and S. K. Lee(2018c), Method for collecting 1
cycle data for output measurement and combustion analysis
of large-sized low-speed 4 stroke engine, Korea Patent
1019277850000.

[7] Kowalak, P.(2008), Experimental determination of low speed
diesel engine crankshaft twisting, POLISH CIMAC, Vol. 3,
No. 2, pp. 75-81.

[8] Morishita, M. and T. Kushiyama(1997), An improved method
for determining the TDC position in a PV-diagram (First
Report), SAE transactions, Vol. 106, pp. 233-244.

[9] Morishita, M. and T. Kushiyama(1998), An improved method



Nl

2 =
=

4

of determining the TDC position in a PV-diagram, SAE
Technical Paper, No. 980625.

[10] Pipitone, E. and A. Beccari(2010), Determination of TDC in
internal combustion engines by a newly developed
thermodynamic approach, Applied Thermal Engineering Vol.
30, No. 14-15, pp. 1914-1926.

[11] Rubber(2020), Rubber Design vibration and noise control,
https://www.rubberdesign.nl/products/propulsion-equipment/marin
e-couplings, Accessed April 20, 2020.

[12] Stas, M. J.(1996), Thermodynamic determination of TDC in
piston combustion engines, SAE paper, No. 960610.

[13] Stas, M. J.(2000), An universally applicable thermodynamic
method for TDC determination, SAE Technical Paper, No.
000-01-0561.

Received : 2020. 04. 24.
Revised : 2020. 05. 26.
Accepted : 2020. 06. 26.

A A=) TDC L2} Ay el

- 435 -



