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A Theoretical Investigation of Misfiring Effects on the
Crankshaft Torsional Vibration of Diesel Engine

H. J. Jeon, Y. B. Lim

Abstract

Since the oil shock of ’70s the engine makers have developed new types of diesel engine
with low fuel consumption. There is an obvious tendency towards the use of poorer quality
fuels, such as the residual oil from chemical processes of refinery. The shaft driving
generators is also widely adopted on behalf of the auxiliary diesel engines, which are
driving on the expensive diesel cil and have high fuel oil consumption rates, and some main
propulsion diesel engines are equipped with reduction gear systems to get better propulsive
efficiency by slower propeller revolutions. The propulsion shafting system equipped with the
shaft driving generator or the geared diesel engine shafting system has flexible couplings,
and it requires extensive investigations of the torsional vibration and torque fluctuation in
order to ensure the acceptable operation range in service. The characteristics of misfiring
must be especially examined for the high viscosity fuels to be used. Both torsional vibration
and fluctuating torque resulted from misfiring, should be examined for their effects on the
flexible coupling and propulsion shafting system.

This paper is to investigate and solve the above mentioned problems which must be
predicted on the design-stage of marine propulsion shafting system. A computer program is
developed to calculate the indicated diagram, fluctating torque and torsional vibration for

both normal and misfiring conditions.
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Fig, 1. Diagram of acting forces.
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Table 1. Engine specification and calculation data

30045 S0 2 30 30 30 45 0 38 3635 3 31 30 46 30 36 01 B4 36 3 9 30 96 30 S0 30 34 3 9t 35 38 140 S48 S B

*

#

* DIESEL COMBUSTION CYCLE ANALYS]S PROGRAM *

*

*

LITTTTIIT LTINS S LAS SRS LSS R I SIS LS g

#a® [NPUT DATA ###

CYLINDER DIAMETER

STROKE

COMPRESSION RATIO

CYLINDER NUMBER

AIR FUEL RATIO

CARBON ATOMS IN FUEL

HYDROGEN ATOMS IN FUEL

HEAT OF REACTION

TRAPPED PRESSURE

TRAPPED TEMPERATURE

REFERENCE PRESSURE

REFERENCE 'TEMPERATURE

ENGINE REVOLUTION

Alk FUEL RATIO STOICHIOMETRIC
FUEL AR EGUIVALENCE

COOLING WATER TEMPERATURE
DEGREE OF FUEL INJECTION START
DEGREE OF FUEL INJECTION END
DEGREE OF EXHAUST VALVE OPEN
MAX, EXPLOSION PRESSURE

0.800000E 00 (M)
0,259200€ 01 (M)
0.145000F 02

0,400000F 01

0.305000F 02

0.864300E 02 (%)
0.135700E 02 (%)
-0.427307E 08 (J/KG)
0.263095E 06 (N/Mu#2)
0.307000E 03 (KD
0.102164E 06 (N/Mau2)
0.280000E 03 (K)
0.830000E 02 (RPM)
0.146110E 02

0.479049€ 00

0,400000E 03 (KD
0.361000E 03

0.377000E 03
0.476000F 03
0.127000E 03 (BAR)

I YT YL XY Y e P L L e S PR I e e FEre I2 L Py e L Y
* TORSIONAL VIBRATION CALCULATION #
* PROGRAMMED BY LIM YEONG=BOK *
P 3p M g5 U0 g 3 T 25 4 gy 8 0 30 0 T3 3 20 45 2 31 20 B30 0 38 P g 0 g M p B 5 96 5 3 5 W g 3 0 0 Mt

ENGINE TYPE

NUMBER OF CYLINDER
CYLINDER DIAMETER
STROKE

MAX ,CONTINUOUS RATING
ENGINE SPEED

MEAN INDICATED PRESSURE

NO MONENT OF INERTIA EQUIVALENT LENGTH
(KG=CM=SEC2) ™

0.,1381666E 06
0.3478637E 06
0.3478637€ 06
0.3478637E 06
0.3478637€ 06
0,1502490€ 06
0.2348827€ 06
0.1417661E 05
0.2509804E 00

0.2951943F 00
0.3363833E 00
0.3363833E 00
0.3363833E 00
0.2677305€ 00
0.1990803E 00
0.5078746€ 01
0.2515729€ 01
0.2509804E 00

W~ P W

(102)

HYUNDAI=-Bew 4LBOMCE
0.4000000E 01

0.8000000E 02 (CM)
0.2592000F 03 (CM)
0.1280000E 05 (H.P)
0.8300000E 02 (R«P M)
0.1425000E 02 (KG/CM2)

DIA,OF SHAFT
(CM)

LENGTH OfF SHAFT
(™)

0.8959999E 02
0.8959999F 02
0.8959999E 02
0.8959999E 02
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Table 2. Torque amplitude at normal ard misfiring condition(kg.-m/cm?)

Conditions { Average value Max. value ’ Min. value Torq. fluct. (%)
Normal 25. 96 72.46 -—15.03 168
Misfiring 19.17 75.32 —32.66 281
1 Cyl. cut-off 19.47 82.10 1 —36.41 303

Table 3. 1-node torsional vibration stress
Order Critical Normal Stress by the misfiring cylir‘lder Engine
speed stress No. 1 No. 2 ) No. 3 ] No. 4 maker
1 445.105 14.161, 101768  109.072] 83.481 100.631)  491.641
2 222. 553 83. 5431 158. 087, 149. 482! 302. 039 281. 955 90. 252
3 148. 368 27. 251{ 164.394 179. 529i 132. 013 167. 6211 7.123
4 111.276 1, 073. 395(i 902. 804‘ 308. 879‘ 919. 136 933. 315§ 1,139. 022
5 89. 021 22, 576r 138. 436, 150. 890 111.407 140. 723‘ 23. 637
' I i |
[§) 74. 184I 33. 908! 23. 305r‘ 21. 268; 85. 645 80. 889, 35.453
7 ? 63. 586, 8. OOZ; 21. 270} 26.483, 13. 906, 26. 520;‘ 8.3521
8 | 55.638 208. 980’ 201. 808| 202. 064, 202.495 203. 091 227.815
9 49. 456[ 3.450, 3,183 3. 983( 2.574 4. 287 3.765
10 44.511 6. 516“ 5. 875 5. 897( 7.082 7. 042: 7.265
11 40. 446 1.642 2. 094] 1.515 2.329 1.066; 1.833
i
12 37002 43.385 45.543} 45.466) 45.337 45.157 51.491
13 34.239, 0.803 1.200 0.704 1.345; 0.385 0.923
14 31.793] 1.561 1.253 1.525 1.595 1.591 1.606
15 29. 674i 0.353 1. 068 0. 779‘1 1. 128 0.421] 0.420
16 27. 8191 11. 265} 11. 367i 11. 363{ 11. 357= 11. 348” 12. 656
—— Vibration stress{Misfiring)
1200 —-— Vibration stress{Normat) 17
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Fig. 4, Permissible vibration stress for torsional vibration by classification rule(KR)
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