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A Study on the Comparison of Gas Harmonics
in a Marine Diesel Engines with Electronic
Control and Cam Driving Types

Dong - Chul, Won

Department of Marine System Engineering
Graduate School
Korea Maritime University

Abstract

The introduction of the electronically controlled camless low speed diesel
engine, which is now gaining momentum, 1S a milestone in diesel
technology that deserves a place in history since Rudolf Diesel’s first
engine. The main purpose of changing from the cam driving to electronic
control is to ensure a precise fuel injection timing and rate, as well as the
exhaust valve timing and operation, exactly when and as desired. The
electronic control of the engine fuel injection and exhaust valves improves
low-load operation, engine acceleration, and give better engine load balance
and load control, leading to longer times between overhauls, also by
implementation of enhanced diagnostics systems, It will give lower fuel
consumption and lower cylinder oil consumption, particularly with regard to
visible smoke and NOx [1].
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MAN Diesel A/S, one of the designer of 2-stroke, low speed diesel
engine, had developed the electronic engine, ME by combining traditional,
proven technologies with this new technology of electronically controlled

camless low speed diesel engine.

However, it has not been yet proven clearly that the electronically
controlled engine has the better characteristics of vibration than the
conventional cam driving diesel engine, although the advantage of
electronic engine, ME is quite comprehensive. This paper will cover the
comparison of torsional vibration aspect between the MAN 12K98MC-C
conventional and MAN 12K98ME-C electronic engine, using the measured
combustion pressure of cylinder at shop test trial. The gas harmonic data
are derived and analyzed from those combustion pressure and compared

with the MAN's officially issued harmonic data.
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— Chain drive

— Chain wheel frame

— Chain box on frame box

- Camshaft with cam

- Roller guide for fuel pump and exhaust valve
— Fuel injection pump

- Exhaust valve actuator

— Starting air distributor

- Governor

- Regulating shaft

— Mechanical cylinder lubricator

- Local control stand
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- Hydraulic Power Supply (HPS)



- Hydraulic Cylinder Units (HCU)
- Engine Control System (ECS) : ECS ol A& ths AFES Alo] gk,
. Electronically Profiled Injection (EPIC)
. Exhaust valve actuation
. Fuel oil pressure booster
. Start and reversing sequences
. Governor function
. Starting air valve

. Auxiliary blower

- Crankshaft position sensing system
— Electronically controlled Alpha Lubricator
- Local Operating Panel (LOP)
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Table 4.1 Pressures of fuel injection and combustion

for 12K98MC-C at MCR
o= aPazt=
(bar) (ATDC)
Q}=<9l= 131.7 0.0
oA 5 FAFA 2} 370.0 0.06
A5 FEA} 738.2 11.0
HojH=
AL 146.6 14.0

Table 4.2 Pressures of fuel injection and combustion
for 12K98ME-C at MCR

Sip= a3 7=
(bar) (ATDC)
= 137.0 0.0
oA 5 FAFA 2} 370.0 2.0
] A B EA} 785.1 11.0
Hojh=
AL 142.8 17.0
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Fig. 4.1 Fuel injection and combustion pressures
for 12K98MC-C at MCR
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Fig. 4.2 Fuel injection and combustion pressures
for 12K98ME-C at MCR
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Fig. 4.3 Combustion pressures for MC and ME types at MCR
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Fig. 4.4 Fuel injection pressures for MC and ME types at MCR
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Resultant of tan harmonic press. [ N/mmz]

00-——%. ; .
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Mean indicated pressure [bar]

Fig. 4.5 Resultant of tangential harmonic pressure obtained by
calculation from measuring data for MC type engine
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Mean indicated pressure [bar]

Fig. 4.6 Resultant of tangential harmonic pressure obtained by
calculation from measuring data for ME type engine
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Fig. 4.7 Resultant of tangential harmonic pressure
offered by MBD for MC type engine
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Fig. 4.8 Resultant of tangential harmonic pressure
offered by MBD for ME type engine
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Fig. 4.10 2nd order component for MC type engine
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Fig. 4.11 3rd order component for MC type engine
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Fig. 4.12 4th order component for MC type engine
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Resultant of tan harmonic press. [ N/mmz]
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Fig. 4.13 5th order component for MC type engine
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Fig. 4.14 6th order component for MC type engine
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Fig. 4.15 7th order component for MC type engine
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Fig. 4.16 8th order component for MC type engine
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Fig. 4.17 1st order component for ME type engine
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Fig. 4.18 2nd order component for ME type engine
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Fig. 4.19 3rd order component for ME type engine
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Fig. 4.20 4th order component for ME type engine
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Fig. 4.22 6th order component for ME type engine
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Fig. 4.23 7th order component for ME type engine
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Fig. 4.24 8th order component for ME type engine
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Fig. 4.25 1st order harmonic component for MC and ME

type engines of Doosan and MBD
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Fig. 4.26 2nd order harmonic component for MC and ME
type engines of Doosan and MBD
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Fig. 4.27 3rd order harmonic component for MC and ME
type engines of Doosan and MBD
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Fig. 4.28 4th order harmonic component for MC and ME
type engines of Doosan and MBD
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Fig. 4.29 5th order harmonic component for MC and ME
type engines of Doosan and MBD
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Fig. 4.31 7th order harmonic component for MC and ME
type engines of Doosan and MBD
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Fig. 4.32 8th order harmonic component for MC and ME
type engines of Doosan and MBD

0.10
9th order
1 —=— Doosan MC
0.0 - revoreeie e gt | = DoOSaN ME
T : --4- MBD MC
1 A Ttw, |4 MBDME

0.08 4-

0.06

Resultant of tan harmonic press. [ N/mmz]

0.05 . ; .

T T
15 16 17 18 19 20

Mean indicated pressure [bar]

Fig. 4.33 9th order harmonic component for MC and ME
type engines of Doosan and MBD
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Fig. 4.34 12th order harmonic component for MC and ME
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Table 4.3 General particulars of the engine and dynamometer
Item Description Remark
Engine type 12K98MC-C / 12K98ME-C
Bore/Stroke 980 mm / 2400 mm
Rating 68 520 kW < 104 rpm
MEP 19.2 bar MCR
Firing order 1-8-12-4-2-9-10-5-3-7-11-6
T/V damper D250/7 Geislinger
Flywheel moment of inertia 16 280 kg m?
Coupling ¢ 900 X 980L
Type CF-35 Fuchino
Dynamometer Mass moment
2
of inertia 80880.6 kg m
Fig. 4.36~4.37 9 YElY A= MC 32 dzx3 ME 32 <zl %"74]“}]

dollA Adazx 2+ Ao F34 EWlE(Polar moment of inertia) ko] Z

7} 36390.0 kg m? & 36389.0 kgm? & A9 T3 A FEEH FoAH w
NE = Z+7F 23935.0 kg'm? @ 13223.0 kg'm?2 & #Fol7} dr} o= 7]
@A Aol A AApA oA o ® HHA g0 glojxl Zlo] 7]l

2
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i)

_32_



3

2620
| [T = ‘| =
sz o =k =
=
2 = [ =
=] o =2
- 2
= 1 = 1
BE 0 aEzel = ®a =
E = &
3 0 acacl :‘ = :|
= 8
o E | T = | =
e} e
Ly =] = =
=5 0= =& | -
=l =
s =7 ) =]
=5 | T 0 a2SEE | F =8 | =
B = =
LE2°0 | éF = =
= 5 | HER | = L = | =4
=] =1
=3

0B

— ~2 =
= z =
- - =
1 ]
5 ' z
=" =& | 16 Gcoe [ =
] t =
= 622 0 & =
| = e ]
= =] i =
= L2 0 |3, =
= =
™ = g
B2ZZ 0 || =Fs -
B
- = —
T | e E |
=

[
[A¥PER
104 P

Fig. 4.36 Equivalent mass- Fig. 4.37 Equivalent mass-—
elastic system of elastic system of
12K98MC-C 12K98ME-C

_33_



Relative amplitude

Relative amplitude

2
—=— 1 node
1 - - -2 node
--A-- 3 node

1 E___ﬂ_ o0 o A —L-4node | A

O Y - o A N
Id \A L \g ~o. / N
| i ANy o, Y S A&
- N A o
i VoA e Y AT
0 P - /'/\: - A-—A\
Gt 1 :
AN \'\ A’. \/E\ D= \
Do N . / DNV \
{1 a1 \ A‘ ,; N \
| \ A AN g A
R A LA ~3 T N
-14 : et A-A =8 '~\\\\_‘
f 0 -
X No.1 No.6 No.7 No.12 Turning Water
|Damper oyl cyl oyl ¢yl wheel dynamometer
|
% T I S N U N S NS B
0 4 8 Camshaft 12 16 20 24
drive
Mass No. [12K98MC - C]
Fig. 4.38 Mode shapes of 12K98MC-C
2
—®— 1 node
i - - -2 node
--A--3 node a
1 | A —-4-- 4 node A
A N p :
/2[' A\“A \ o o /'/ hS A--A
E I N \ . N .
I A \Ii\ YN PRy
I N A m_ N7 N N
0 R . o L A-—A\
o - \
. woo 2 NG g \
4 ; "\ ‘A './ J “ \
' S ,Z/i AR A\’\

S I et A TN
| -0 -
| No.1 No.6 No.7 No.12 Tuming Water

1Damper oyl cyl oyl ¢yl wheel  dynamometer
|

P T A A U U N SN NS B

0 4 8 Camshaft 12 16 20 24
drive

Mass No. [12K98ME - C]

Fig. 4.39 Mode shapes of 12K98ME-C

_34_



REoa 2% WY AolE YERdTE 9]
12K98MC-C % 12K9SME-C alxle sl 4719 F8 RZof ot 1~45x+5
A el DG EFE T3] Table 4.4 ¢ Table 45¢], MBDY stEY A

1_,

T& ol&ste] ddFel A= vEY SHAEE T8te] Fig. 4.40 ¥ Fig.
4.41°) 242} R AT

Table 4.4 Comparison of natural frequencies for 4 mode shapes
between 12K98MC-C and 12K98ME-C engines

Engine Unit 1 node 2 node 3 node 4 node
Type
12K98MC-C Hz 10.3 129 209 30.4
12K98ME-C Hz 10.3 12.9 21.2 309
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Table 4.5 Natural frequencies for 45 orders using

4 mode shapes of 12K98MC-C engine
(unit : cpm)

Order 1 node 2 node 3 node 4 node
5 124 - - -
6 103 129 - -
7 83 111 - -
8 77 97 - -
9 69 86 139 -
10 62 77 125 -
11 56 70 114 -
12 52 65 104 -
13 48 60 96 140
14 44 55 89 130
15 41 52 84 121
16 39 48 78 114
17 36 46 74 107
18 34 43 70 101
19 33 41 66 96
20 31 39 63 91
21 29 37 60 87
22 28 35 57 83
23 27 34 54 79
24 26 32 52 76
25 25 31 50 73
26 24 30 48 70
27 23 29 46 67
28 22 28 45 65
29 21 27 43 63
30 21 26 42 61
31 20 25 40 59
32 19 24 39 57
33 19 23 38 55
34 18 23 37 54
35 18 22 36 52
36 17 22 35 51
37 17 21 34 49
38 16 20 33 48
39 16 20 32 47
40 15 19 31 46
41 15 19 31 44
42 15 18 30 43
43 14 18 29 42
44 14 18 28 41
45 14 17 28 40
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Fig. 4.40 Stress diagram on coupling shaft for 12K98MC-C
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Table 4.6 Natural frequencies for 45 orders using

4 mode shapes of 12K98ME-C engine
(unit : cpm)

Order 1 node 2 node 3 node 4 node
5 124 - - -
6 103 129 - -
7 89 111 - -
8 78 97 - -
9 69 86 141 -
10 62 78 127 -
11 56 71 116 -
12 52 65 106 -
13 48 60 98 143
14 44 55 91 133
15 41 52 85 124
16 39 49 80 116
17 36 46 75 109
18 34 43 71 103
19 33 41 67 98
20 31 39 64 93
21 30 37 61 88
22 28 35 58 84
23 27 34 55 81
24 26 32 53 77
25 25 31 51 74
26 24 30 49 71
27 23 29 47 69
28 22 28 45 66
29 21 27 44 64
30 21 26 42 62
31 20 25 41 60
32 19 24 40 58
33 19 24 39 56
34 18 23 37 55
35 18 22 36 53
36 17 22 35 52
37 17 21 34 50
38 16 20 34 49
39 16 20 33 48
40 16 19 32 46
41 15 19 31 45
42 15 18 30 44
43 14 18 30 43
44 14 18 29 42
45 14 17 28 41
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Torsional stress of 9 order [ N/mm’ ]
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Fig. 4.45 Torsional stress of 12th order
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Torsional stress of 18 order [ N/mm’ ]
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Fig. 4.46 Torsional stress of 18th order
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