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The Axial Vibration of Internal Combustion Engine Crankshaft

(Part [ . Calculation method of crankshaft axial stiffness and

its natural frequencies)

Hiojung Jeon. Uekan Kim

Abstract

Lately, due to increasing engine output by high supercharging, heavy crankshaft and
propeiler mass, as well as long engine strokes attended with the reduced crankshaft
axial stiffness, the critical crankshaft axial vibration has frequently appeared in maneu-
vering range of the engine.

Some investigators have developed calculating methods of natural frequencies and
resonant amplitudes for crankshaft axial vibrations. But their reliabilities are uncertain
as the estimated crankshaft axial stiffness are incorrect.

The caiculating procedure of these natural frequencies is practically analogous to the
classical calculation of torsional vibration frequencies, except for an important differen-
ce due to the relationship of the axial stiffness of a crank and the angle between the
crank and other, especially the adjacent, cranks.

In this paper, 6 calculation formulae of crankshaft axial stiffness already published
and 2 theoretically-developed one by authors ars checked by comgparing their calculati-
ng results with those measured values of cne model crankshaft and three fuli-scale
actual crankshafts.

Also, the calculating methods of the crankshaft axial free vibration are investigated
and their computer programs are developed.

Finally, those developed computer programs are applied to calculating one model
crankshaft and two full-scale actual crankshafts of ship’s propulsion engines and their

calculated results are compared wtih those measured values.
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Table 1. Dimensions of measured crankshafts

Items | Symbol  Unit ! C(E\?Iggeé | Crank B \‘ Crank C ‘ Crank D
Length of crank journal “ 1; cm 9.00 ‘ 37.00 50. 00 40. 50
Length of crank pin 1, cm 9.00 ‘ 37.00 | 42.60 40.50
Length of crank throw ‘ R cm 10. 00 f 80. 00 ‘ 77.50 77.50
Thickness of crank arm , h cm Loo 29.00 40. 50 29. 50
Width of crank arm at 0.5R ‘ W, cm 1. 60 99. 90 é 100. 00 93.00

at R-D,/2 W2 em 160 | 99.90 ‘ 95.00 83. 40
at 0.75R W3 cm 1.60 [ 99.90 | 89.00 ! 75.70
aaR W cm 160 | 99.90 ‘\ 77.50 60.7C
| | |

Dia. of journal | D; cm 1.00 | 59.00 | 62.00 55.00
Dia. of crank pin ‘ D, cm 0.90 \ 59.00 ,‘ 62.00 55. 00
1/2 length of journal i a cm 5. 00 ‘ 33.00 ‘ 45.25 35.00
Length of crank pin f 2b em 10.00 | 66.00 ] 83.10 70.00
Length between cylinders ; 1 cm 20.00 } 132. 00 ‘ 173. 60 140. 00

No. of crank throw ! n 3 i 9 | 9 6
Built-up method .‘ welding ‘i full built | semi-built | semi-built

Table 2. Total elasticities of the crankshaft

Calculated by the formulae (cm/kg)

Crankshaft | Meas. (cm/kg)

|

Author l B&W[ Dorey { Draminsky‘Anderson:Guglielmotti: Johnson

A 5.36x10 | 3.30 | 3.00 | 5.07 | 3.53 | 3.78 4.46
B 48210 s 5.3 | 6.16 | 7.47 | 6.02 574 3.73 7.94
c 3.51%10~ | 3.83 | 3.96 | 3.77 | 3.72 ‘ 2.96 3.81 3.70
D \ 4.07X10= | 4.26 | 511 f 472 | 55 | 3.7 3.60 4.62

Table 3. Measured and calculated elasticities of the cranks of crankshaft A

Crank ‘ Meas. ( Calculated by the formulae (X10-2 cm/kg)
. © | 0, (X107,
throw No. ‘ cm/kg), Authorl B&W ] Dorey ‘ Draminsky] Anderson Guglielmotti1 Johnson
- T ‘.'71870" T T i_‘* T YT T b T T T T T T T -
1 150° 1.189 1. 354 1, 028 2.191 1.553 ) 1.634 1. 467 1.534
120°
2 120° 1.061°  1.047 0. 999 1. 981 1.548 1.470 1.280 | 1. 501
120° f ‘
3 105° 1. llli 0. 894 0. 970, 1. 876 1. 456 1.357 1.157 ‘ 1. 485

90°
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Table 4. Measured and calculated elasticities of the cranks of crankshaft B

41

Crank ’) Meas. Calculated by the formulae(xX10™% cm/kg)
throw No. © Oer | gé}ﬁ:} —Ethor' Be&w { Dorey Dram insky, Anderson’Guglielmotti Johnson

| o

1 | ISCJ 150°) 0.692 0.907 0. 807 : 0.987 ‘ 1.015 0.763 0.493 0.938

2 lioe‘! 120° 0.627 0. 686 0.776 | 0. 860 | 0.788 0.675 0. 431 0. 889

3 i 1:1201 80°| 0.505 0. 463 0.568 | 0.693 } 0.370 0.513 0. 327 0. 836

4 ) o? 40°!  0.440 | 0.463 0.568 z 0.693 | 0.370 0.513 0.327 0.836

o ‘ 1200; 120°| 0.600 0.686 0.776 ; 0. 860 ‘ 0.788 0.675 0.431 0. 889

G i 1200‘ 80°| 0.385 0. 463 0.568 | 0.693 0.370 0.513 0. 327 0.836

7 ; joal 80° 0.490 0.463 | 0.568 | 0.693 0.370 0.513 0. 327 0. 836

8 ‘ 1~O°‘\ 120°| 0.550 0. 686 0.776 ; 0. 860 0.788 0.675 0.431 0. 889

9 lzzog 105°] 0.533 0.540 | 0.748 ]‘ 0.798 ‘ 0.659 0.616 0. 509 0. 868

Table 5. Measured and calculated elasticities of the cranks of crankshaft C
Crank f Meas. Calculated by the formulae (X10- ¢m/kg)
throw No. i o } (S ((:;(1}(1)(-;) Author' B&w * Dorey ! Draminsky ' Anderson‘Guglielmotti Johnson

T180° 1

1 e 150°f 0.493 0. 622 0.515 0. 484 0. 543 0. 380 0. 508 0.419

2 1:00 120°] 0.432 0. 483 0. 493 0. 428 0. 454 0.338 0. 440 0. 404

3 14'00 80°| 0.348 0.343 0.369 0.353 0.292 0.270 0.338 0. 387

4 ; 1;23 80° 0.292 0.343 0. 369 0. 353 ‘ 0.292 0.270 0. 338 0.387

5 - 120°| 0.383 0. 483 0. 493 0. 428 : 0.454 0. 338 0.444 0.404

6 1: . 80°| 0.369 0.343 0. 369 0.353 0.292 0.270 0.338 0. 387

7 ; :Oo 80° 0. 351 0. 343 0.369 | 0.353 0.292 0.270 0.338 0. 387

3 A;Oo 120° 0.423 | 0.483 0. 493 0.428 ‘ 0. 454 0. 338 0. 444 0. 404

9 ‘ 1;20 103°] 0.415| 0.391 0.488 0. 400 | 0. 407 0. 309 0.278 0.397
|9 )

Table 6. Measured and calculated elasticities of

the cranks of crankshaft D

Crank | Meas. Calculated by the formulae (X105 cm/kg)
L@ 1@, | (X107
throw No. | I icm/kg) Author / B&w ’ Dorey } Draminsky Anderson{Guglielmotti Johnson
180° i
1 150°] 0.882 1.018 0. 902 0. 879 1.188 0.698 0. 680 0.789
120°
2 i ) i 120° 0.735 0.775 0.870 0.773 0. 938 0.622 0.594 0.755
L1200
3 ‘ ‘ 90°| 0.608 0.539 0. 805 0.668 0. 597 0.519 0. 485 0.726
i 60%
4 - 90°| 0.588 0.539 0. 805 0. 668 0.597 0.519 0. 485 0.726
T :
3 i " 120° 0.690 0.775 0. 870 0.773 0.938 0.622 0.59%4 0.755
! 0°
6 J‘ 90° 105°) 0.571 0.616 0.853 0.843 0. 806 0. 659 0.725 0. 888
0%
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Table 7. Relationship between calculation and measurement values of
crankshafts in percentage
| ] T
Crankshaft Author B&wW I Dorey | Draminsky | Anderson |Guglielmotti Johnson
]
[
A 98 89 178 | 105 130 13 133
B 111 128 155 i 125 119 s 165
I
C 109 113 107 i 106 84 109 ; 105
D 105 126 l 116 ]\ 183 92 8 | 114
2.2
N\ —
o — — — -
o 20 T
~ T e e fDorey
-
g
& 1.8
2
x - Johnson
» 1. 6 === /
§ "'—-"—--—-Tm-w‘m:m—_—&/DraminSkY
‘; S el T e -
% 1.4 - b ~T—_ T T ==~ ~<—aAnderson
E s§~§~ S . —_—t —_—
:é 1.2 “-\ — -____~__’_GUglielmotti
Measured
1.0 ——~~B&W
\‘Author
0.8
0.6 Y 9 3

> crank

Fig. 6. (A) Crankshaft A (model crank): Results of measurement and calculation.
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Fig.6(B) Crankshaft B: Results of measurement and calculation.
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measurement and calculation.
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Table 8. Principal dimensions of propellers
Jtems A ship | B ship C ship 1 D ship E ship F ship
( ! |
Diameter(mm) ‘ 5, 150 5, 800 5,900 [ 3,150 ! 5,200 6, 600
Pitch{mm) | 3,510 4,669.5 3,900 \‘ 2,320 ‘ 3,685 4,610
Pitch ratio " 0. 6816 0. 8050 0.7087 | 0.7365 % 0.7087 0.7683
Disc area(m?) i 20.8308 ! 26.4210 27.3200 Z 7.7931 : 21.2372 28.2744
Developed area(m?) : 13.7483 12, 3680 15. 4080 ! 5. 0655 | 11. 6805 16. 2861
Dev. area ratio 0. 6599 0. 4670 | 0. 5639 0.6499 } 0. 5500 | 0. 5670
Boss ratio 0.1748 |  0.2410 0.1745 0.1778 | 0.1769 | 0.1847
Max. width ratio 0.3814 | 0. 2930 0.3169 0. 3769 i 0. 3099 0. 3270
Blade Thick. ratio 0. 0690 i 0. 0490 0. 0533 0.0571 ! 0. 0615 0.0517
No. of blade 4 i 4 4 4 4 4
Material Mn-Br | Mn.Br Mn. Br Mn-Br  Mn-Br . Ni-ALBr
Turning direction Right 1 Right Right Right Right \ Right
Propeller weight(kg) 14,710 | 17,080 18,966 3,100 12,850 16,593
Bornret weight(kg) 250 1‘ 200 300 82 319 125
Mass moment of inertia  jo9 49 | 950,087 | 314,202 | 15,700 152,800 | 250,714
(kg. cm. sec?) ; | |
Type ; solid ‘ build-up : solid ; solid ] solid : solid
Table 9. Added mass calculated by Schwanecke’s and Schuster’s formula
Name of ship A B : C \ D E ‘ F
T AN | | o
Weight in air (kg) 14,710, 17,293 18.966J 3*100j 12, 850! 16, 593
Mass in air (kg.sec? cm™1) | 15.01020i 17. 64575 19.353475 3 16327i 13.11224  16.93163
609, of mass(kg. sec? cm™) ! 900612 10. 55743) 11.61208‘; 1.897961 7.86734 1015808
|
Added mass 13.72906  9.397732 15.07382 3.04711] 9.81744  16.02813
By Schwanecke’s | Percentage to mass; 92 53 78 ' 96 75 ; 95
formula Revised mass ‘ 10. 46982  7.95847) 12.14859 2.33777] 7. 97196; 12.23716
Percentage to mass. 70 45 | 63 74 61 l 72
| Aadded mass ‘ 16. 12860{: 11.36883| 17.51329 3.51170- 1L 43952% 19. 21757
By Schuster’s ] Percentage to massj 108 64 90 | 111 87 114
formula | Revised mass { 12, 29983{ 9.62769] 14. 11466: 2. 69421[ 9.28912 14.67223
i Percentage to massJ 82 J‘ 55 73 85 71 87
Revised factor by Thomsen Ky | 0.76261 0. 84685} 0.80504  0.76721) 0.81202  0.76342
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N #® X (mm)

)

No.1~No. 2 ! :
Nl i—No's J 1350 600 ‘ 375 J 625 | 490 0 1 490 i 0 830 295
No.5~No.6 550 —_ l — — 490 ? 0 — 0 - -
No. 6~No.7
N o Ne 10 1350 600 | 375 625 490 0 490 0 830 295
No.10~No.11 | 1655 — ‘\ _ - 490 — — - — _
No. 11~No. 12 -
No. 16~No.17 | 7650 -1 = - 395 - - - - -
No.17~No.18 | 7540 - - - 470 — — — — —
|

3. S # X £(mm)
No. 1~ No. 2 ‘ | k
Ne s Nea 1320 | 660 ]l 330 800 ' 550 220 § 550 | 220 91 27
No.6~No.7 1480 - - — 550 220 | — - - -
No.7~No.8 | ! ==n |
Ne 10 No 11 1320 660 330 800 550 220 | 550 220 91 27

395 550 220
No. 11~No. 12 1965 - - o 500 0 j - - - -
No.12~No. 13 780 D _ 500 N _ .

4820 435 - -
No. 13~No. 14 L
No.17~No.18 | 9000 - ‘ - - 4 - | - - -
No.18~No.19 | 7460 R — — ‘ 500 - - - -] =

1
625

375_|_300 |
. 675 |
N crankshaft S crankshaft

Fig.7 Dimensions of N and S crankshaft
D HEe R HES 2=y 2R

1. Mg

LT R l B (kg -sect.cm™) | 2= 2 w(kg/cm) BEER | BB(kg-sec?.cm™) l 2z e (kg/em)

1 0.05484% 102 0. 73877 X 102 4 0.33382X 1072 52. 35989 102
2 0.10279 0. 95480 (28 22908 (2.35300)

£ =B ERD
3 0. 10279 1.11799

5 0. 03496




AR 2 AR MRS 23 R

2 N#W
HEFR | HE(kg-sec?-cmt) | 2 =w g (kg/cm)
1 0. 40347 X 101 0. 12809 X 107
2 0. 58867 0.14747
3 0. 58867 0. 23001
4 0. 58867 0.23257
5 0. 37291 7.20015
6 0. 37291 0. 22050
7 0.58867 0.23257
8 0.58867 0.14747
9 0. 58867 0. 19832
10 0.16378 2. 13875
11 1.11696 0. 34265
iiéégqa> (0. 90000)
12 0.79653 0.34265
13 0.79653 0. 34265
14 0.79653 0. 34265
15 0.79653 0. 34265
16 0.79653 0.34265
17 0. 89806 0. 50814
18 2. 20408
3. S #
1 0. 51695 10t 0. 10961 107
2 1. 10102 0. 11362
3 0.87245 0. 08377
4 0. 87245 0.15825
5 1. 32959 0. 12527
6 0. 58622 2.83174
7 0. 58622 0. 15421
8 0.87245 0. 11362
9 0.87245 0. 16905
10 1.10102 1. 98129
1 0.70577 1.98193
12 0. 75976 0. 60341
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BEER | FR(kg-sect-eom™) | 228 i (kg/om)

2] ZEdo] gl

i

)

(0. 17500)

|

13 0. 96972 10 0. 34677 X 107
14 1. 14040 0.34677
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16 | 1.14040 0.34677

17 l 1. 14040 0.34677

18 1. 20556 0.60527

19 ‘ 0. 34587
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