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A Theoretical Investigation of Mis-firing Effects on the Crankshaft
Axial Vibration of Diesel Engine

C. S. Ben, U. K. Kim, H. J. Jeon

Abstract

Since the oil shocks of 1970s, the quality of the fuel oil for marine diesel engine has
become more degraded than ever.

When the poorer quality fuel is burned, carbon residues of the fuel oil cause blockage
of the fuel injection valve nozzle and troubles of the fuel injection system. The mis-firing of
engine occurs due to the decrease of fuel quantity injected, the decrease of compression
pressure in the slow speed range, the increase of fuel leaked and the high ignition temper-
ature of degraded fuel etc..

This paper is to investigate theoretically the effects’'of mis-firing on the crankshaft axial
vibration of diesel engine. The cylinder pressure in operation is calculated by the computer
aided simulation of closed cycle for a large two-stroke diesel engine and also the exciting
force of axial vibration and the resonance amplitudes are calculated. And then, the condi-
tion of normal state, misfiring and one-cylinder cut-off operation are analyzed.

The results of calculations show good agreements with those of the actual measurements,
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Fig. 1. Working force of single cylinder
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Fig. 2. Exciting force of crankshaft axial
vibration
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Coupling Type
Size
Dimension Group

Permissible Axial
Displacement(4Ka) : 14. Omm

Inner Part Weight  : 1146kef
Outer Part Weight : 1971kgf
Axial Stiffness : 8. 00KN/mm

4dWa =d4Ka (Static Axial Displacement)
AWax= 40. 33Ka(Dynamic Axial Displace-
ment)
(5) GRS FILVOR
Mass
No Mass Name
(kg-sec?/cm)
1 Cyl. No. 1 20. 5300
2 Cyl. No. 2 24. 9310
3 Cyl. No. 3 24. 9310
4 Cyl. No. 4 24. 2890
5 Cyl. No. 3 24.9310
6 Thrust Collar 25. 0840
7 Flyheel 44. 9360
8 Coupling 50. 8500
9 Propeller 81. 1700
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Engine Revolution : 83RPM
Compression Ratio t14.5
Degree of Fuel Injection

Start 1 2°BTDC
Degree of Fuel Injection End : 10°ATDC
Degree of Compression Start : 60°ABDC

Degree of Exhaust Valve Open : 50°BBDC

Air Fuel Ratio :30.05
Carbon Atoms in Fuel 1 83%
Hydrogen Atoms in Fuel 1122
Heat of Reaction 1 43050000
J/kg
Trapped Pressure 1 168233
N/m?
Trapped Temperature : 309. 5K
Reference Pressure : 98915N/m?
Reference Temperature 1 294. 5K

Max. Explosion Pressure 2 120. 3 bar

Thrust Spring Axial Spring

Constant Constant

(kg/cm) (kg/cm)
0. 0C00E 00 0. 1305E 07
0. 0000E 00 0. 1662E 07
0. 0000E 00 0.2182E 07
0. CO0OE 00 0. 1642E 07
0. C000E 00 0. 1570E 07
0. 1800E 07 0. 1162E 09
0. 0000E 00 0. 1186E 08
0. 0000E 00 0. 2304E 08
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Table. 1. 0-node axial vibration amplitudes

(a) Normal and mis-firing coendition

AMP AT CRANKSHAFT FORE END

Critical Normal s Mo firt B
Order Speed Amplitude Amplitude by the Mis f1r1ng' Cylinder (mm)
(RPM) (mm) No.1 No. 2 No.2 | No.4 | Nos
‘ :

1 573.2095 } 1. 0529 1. 1667 1. 1597 0. 4828 0. 8217 1. 4733

2 286.0647 « 0.8178 1. 0232 1. 0745 1. 2299 0.5799 0. 4909

3 191. 0698 0.6229 0.7729 0. 8084 0.9192 0.4311 0. 3810

4 143. 3024 0. 5815 0.6384 0. 6335 0. 2921 0. 4576 0.7924

5 114. 6419 1. 5462 1. 4829 1. 4065 1. 3177 1.2793 1. 4043

6 95. 5349 0.2212 I 0.2394 0.2359 0.1237 0.1705 0.2896

7 81. 8871 0.0977 0.1123 0.1139 0.1218 0. 0642 0.0719

8 71.6512 0. 0954 0.1165 0.1211 0.1362 0. 0648 0. 0607

9 63. 6899 0. 0822 0. 0902 0.0893 0. 0408 0. 0634 0.1120

10 57. 3209 0. 2466 0.2357 0. 2226 0.2073 0.2007 0. 2222

11 52.1099 0. 0469 0. 0526 0. 0525 0. 0198 0.0374 0. 0676

12 47. 7675 0. 0254 0. 0321 0.0338 0. 0390 0.0186 0.0149

13 44. 0930 0.0192 0. 0249 0. 0266 0.0314 0. 0156 0. 0107

14 40. 9435 0.0170 (. 0192 0.0193 0. 0068 0.0139 0. 0251

15 38.2140 0. 0630 0. 0594 0. 0550 0. 0499 0. 0477 0. 0549

16 35. 8256 } 0.0115 0. 0134 0.0137 0. 0043 0. 0104 0.0182

(b) Normal and one cylinder cut-off condition amplitude by the cut-off cylinder
Critical Normal itude by the Cut-off Cylind
Order Speed Amplitude Amplitude by the Cut-o ynder (mm){
(RPM) (mm) No.1 | No.2 No.3 | No.d | Nos

1 573. 2095 1.0529 1.2599 1. 3169 0. 4420 1. 0810 1.7771

2 286. 6047 0.8178 1. 1532 1.2943 1.6179 0. 9508 0. 4361

3 191. 0698 0. 6229 0.8784 0. 9858 1.2323 0.7242 0. 3322

4 143. 3024 0. 5815 0. 6901 0.7199 0.2611 0.5962 0.9613

5 114. 3024 1. 5462 1.4297 1.2892 1.1256 1. 0550 1.2851

6 95. 5349 0.2212 0. 2647 0.2767 0. 0929 0.2271 0.3734

7 81. 8871 0.0977 0.1377 0.1546 0.1932 0.1136 0. 0521

8 71,6512 0.0954 0.1336 0. 1497 0. 1866 0.1105 0.0518

9 63. 6899 0. 0822 0. 0984 0.1028 0. 0345 0. 0844 0.1387

10 57. 3209 0. 2466 0. 2281 0. 2056 0.1796 0.1683 0.2050

11 52.1099 | 0.0469 0. 0561 0. 0587 0.0197 0. 0482 0.0792

12 47.7675 | 0.0254 0.0358 0. 0401 0. 0502 0. 0295 0.0135

13 44,0930 : 0.0192 0.0270 0.0303 0. 0379 0. 0223 0.0102

14 40.9435 | 0.0170 0.0203 0.0212 0. 0071 0.0174 0. 0287

15 38.2140 | 0.0630 0. 0582 0. 0525 0. 0459 0. 0430 0. 0524

16 35. 8256 0.0115 0.0138 0.0144 0. 0048 0.0118 0.0194
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Fig. 3. Axial vibration resonance curve
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Table 2. Calculated and measured results of resonance amplitudes

Amplitudes of crankshaft fore-end (mm)
Engine type Node/Order
Maker’s values Measured values ' Calculated values

B&wW 0/7 0.169 0. 101 | 0.098

5L80MCE 0/10 0. 449 0.204 0.247
A EES EREER JURREY B B RYEA SRS FIASh] MBEBE RED R
7L JORSE B3k BTl A HRIEEE H 0 o oA kSR ¥ BEHEoz K iR
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Table. 3. O-node axial vibration amplitudes (with Vulkan coupling)
(a) Normal and mis-firing condition
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WA TS RSk 7t

Critical Normal s [T .
Order Speed Amplitude Amplitude by the Mis-firing Cylinder (mm)
(RPM) (mm) No.1 | No.2 No. 3 No.4 | No.5
|
1 561. 8311 1.9776 2. 3655 0. 8743 2. 2957 2. 7120 1. 5408
2 280. 9155 0.9279 1.5719 2.1337 1. 4499 0.7791 0. 8465
3 187.2770 0.7043 1.1728 1.5770 1.0743 0.5842 0. 5941
4 140. 4578 1.0771 1. 2679 0.5235 1.2299 1. 4403 0. 8453
5 112, 3662 3.1970 2.9951 2. 7506 2. 8615 2.9532 2.6874
6 - 93.6385 0. 4089 0. 4691 0.2210 0.4519 0. 5264 0.3129
7 80. 2616 0.1214 0.1797 0.2256 0.1585 0.0970 0. 0540
8 70. 2289 0.1069 0.1704 0. 2240 0. 1547 0. 0879 0. 0790
9 62. 4257 0.1517 0.1784 0.0726 0.1725 0. 2028 0.1166
10 56. 1831 0. 5086 0. 4739 0. 4319 0.4510 0. 4667 0. 4211
11 51. 0755 0.0798 0. 0964 0. 0338 0. 0938 0.1110 0. 0629
12 46. 8192 0.0285 0. 0493 0.0677 0. 0459 0. 0243 0.0284
13 43.2178 0.0184 0.0326 0. 0454 0. 0307 0.0161 0. 0203
14 40. 1308 0.0313 0.0388 0.0122 0. 0380 0. 0452 0.0257
15 37. 4554 0.1141 0.1044 0. 0926 0. 0979 0.1023 0. 0896
16 35.1144 0.0212 0. 0276 0. 0082 0. 0276 0. 0327 0.0195
(b) Normal and one cylinder cut-off condition
Critical Normal ; :
Order Speed Amplitude Amplitude by the Cut-off Cylinder (mm)
(RPM) (mm) No. 1 No.2 | No.3 | No.4a | wNos
1 561. 8311 1. 9776 2.6974 0.9110 2.7483 3.2422 2.0726
2 280. 9155 0. 9279 1. 9854 3.0161 2.0334 1.0510 1.8713
3 {187.2770 0. 7043 1. 5069 2.2801 1. 5433 0.7977 1. 4203
4 ' 140. 4578 1. 0771 1. 4493 0. 5256 1. 4756 1.7310 1.1262
5 112. 3662 3.1970 2, 8254 2. 3755 2.5795 2. 7483 2.2591
6 93. 6385 0.4089 | 0.5577 0.1883 0. 5682 0. 6703 0. 4285
7 80. 2616 0.1214 0.2597 0. 3945 0. 2660 0.1375 0.2448
8 70. 2289 0.1069 ‘ 0.2242 0. 3386 0.2296 0.1205 0.2116
9 62, 4257 0.1517 ‘ 0. 2069 0.0699 0.2108 0. 2487 0. 1590
10 56.1831 0. 5086 | 0. 4495 0.3779 0.4104 0. 4372 0. 3594
11 51.0755 0.0798 | 0.1088 0.0368 0.1109 0.1308 0. 0836
12 46. 8192 0.0285 0.0610 0. 0926 0. 0625 0. 0323 0.0575
13 43.2178 0.0184 0.0394 0.0598 0. 0403 0. 0208 0.0371
14 40.1308 0.0313 | 0.0427 0.0144 0. 0435 0.0513 0. 0328
15 37. 4554 0.1141 | 0.1008 0.0847 | 0.0920 0. 0981 0. 0806
16 35.1144 0.0212 | 0.0290 0.0098 | 0.0295 0. 0348 0.0222
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