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A Study on Approximative calculation method
of Cranksheft Axial Stiffness

Jee-Seok Wang

A A E :k .............................................
D EMBY WS FRAMES K .
P LF W 3.2. BA =9 =l A K
D2 mEme) MBS EEY MHH Wit FEAES] o g
D E=EEmel ELEER 4 mBagad KT FHES K

D21 A BER EMEHER BfEsE FHEMES] b
Do2.2 EHEmmoz FBHEILMOGNER 41 BREE HRIE

D 2.3 BEE=da BEAY BE 4.2, BH =¥ 2] EHEERN
D24, EEES =W alhdl M= R FE

LEHERS] @A EH 5. % &

D3 Al EMETRERS HEMAR BEH

St BBEST ] Hodk %

3L HmR) =9 adgel geiAe

C 3} R FA

a=1;/2+h/2 V== alifo e 0.5R(k=1)
A,= =¥ =5 o) RS 0.75R(k=2) 1.0R(k=3)=] = F-9| &
A,==z 2k BrEE d=(D;+D,)/2
A== 28hb o 238 0.5R(k=1), Dj=#fol o] ER
0.75R(k=2), 1.0R(k=3)5]+= %2 A, D,==z=#z=se HE
b=(ly+h)/2 E = ik R
B,=1l;/E]\, By=h/3E],, B,=1,/E],, fo=MH BB RN
B.=R/E] fa=tdWe] 2 as f,
V=zgzacke] i@ G=REmM: R B

— 259 —



« 2) 197548 4 B BEEEE HXE H108

A== 35k T lj=7Fol o] o]
J=nd'/64 ly=2% Ao 7o)
Ji=zkobd o] B K= S e mi=id K&
Jo==z2gane gEmRgkES = R==z=as K
Jo=zdadge) =y 2 ‘Vi %&mm B S=npx]u} =v)ze) o] Y o e el v}
B f)Ee o i 2 kel & XFp ol W iR o) EHEE
Ja==8 2t 23 0. 51?(/6 D, a=REE o] T 0] BEA (0° Lo L180°)
0.75R(k=2), 1.0R(k=3)5= o] J, Aipy=19 Y Z =z i+ 11yl =g =9e] o
K=ol 2= u e Agy=(0t;+0;1)/2
A=2a+2b
Abstract

The vibration problem in the shafting of marine Diesel engine is very important, especi-
ally in the directly coupled shaft system with propeller. Lately, the stiffness of the marine
‘Diesel engine crank shaft has been decreased, for the cylinder bore and the stroke of Diesel
-engine have become larger and the number of cylinder has increased. And also, the excit-
ing force of vibration has increased, as the rate of supercharging has been uprised and the
‘size of propeller become larger. With the results of above facts, not only the torsional vib-
ration but also the axial vibration that was neglected in the past, has become serious.

It is essential for the engine designer to be able to estimate the natural frequency of shaft
‘system in design stage. The study of calculating of method torsional and axial spring constant
which are neccessary in calculating the natural frequency of shaft system, was accomplis—
hed by many investigators such as Timoshenko, Carter, Geiger, Ker Willson, Tuplin,
Dorey, Draminsky, Anderson, Guglielmotti and Johnson, etc.

The fairy accurate torsional stiffness can be calculated by the formulae which were intr-
-oduced Ly investigators mentioned above. For the axial spring constant, however, tbe cal-
culating results of already published formulae are unreliable and the engine designer has
mnch trouble to estimate the axial natural frequency of the engine shafting in design stage.
As the published formulae were developed empirically, the calculating results of these em-
‘pirical formulae for the newly designed crankshaft were unreliable.

Recently, a theoretical method that is applicéble to calculate simultaneously the various
natural frequencies of crankshaft system in desingn stage, and the approximate formulae
of calculating the crankshaft spring constant were published. The former needs the electronic
«computor and the latter is possible to calculate manually. But the approximate formula does
not take into consideration the effect of adjacent crank angles. The axial stiffness of cranic-
-shaft is influenced very much by adjacent crank angles. In this paper, a approximate formula
which takes into consideration the effect of adjacent crank angles is developed to calculate the
-axial spring constant of the crankshaft. The newly developed formula was applied to some
:actual crankshafts and the results were compared with their measured values and alse. with
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the results of published formulae.

A wmodel crankshaft was built to compare its measured axial spring constant with calcul-
ated one and also its measured various natural frequencies were compared with calculated
ones, All results showed fairly good coincidence.
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EHE el 6> 2 #RE vebdel. o] BEGES EHEI 2R IS4 Zeojx nish 3o
2kge] &Es} viol dA|l ol A E RS ] =¥ mqtige] FHEES B/(L-E HAlEstslch. £S5 v £ 29
ar o HWeted Himrat ghel vk

Fooll A Boli wlel o] HEMEL #EHo Kol ksl & L4AZEE A4 dehide o}

%-o] Draminsky, Gugliemotti, Anderson, Johnson, Doreye] :%o] JNEF= 5~78%fEE =4 =
oAl et o] BBl el FHe] Kol A ERER #RRE 5 o] BES FEE 2L ~
=9 BEE FAst REEIEE sk b ERUT ERY 58 oo B 0075 L
W =slee BRLE o K] gl
(X 5 #BP3IN3 KARMERY X RE) (E4r 1/100mm)
&l g | Nol a2 9§ = No.2 = ¥ = | No.3 = @ =
1 11.75 10.25 11.5
2 12 11.5 11.25
e

3 12.25 10.5
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adaf A=Y BB R HEER B wie (15)
4 1.5 11.25 12
5 12 10 10.75
6 12.75 10.75 11
7 11 | 10 11.25
] 83.25 ] 74.25 | 77.75
¥ # | 11.89285 | 10.60715 | 11. 10715
(R 6 HEINI MAMKERE HME)
N 2 | B o® & % | wMSAd o w | om o2 %
x
Doreye] =, 1.9896 X 107 cm/kg 177.61% 77.6%
Draminskye} 3% 1.1761 x10-2 ” 104.99 » 507
Anderson®] X 1. 4562 x 10-2 ” 129.99 » 30.0 #
Guglielmottie] 3% 12611102 # 112.58 » 12.6
|
Johnsone] 3%, | 1.4871x107 cm/kg 132.75% 32.8%
EHY X 1.10485X 102 » 98.63 Ldr
" W M 1.1202x102  » 100. 00 » 0

[?:J 15]

Elaga PERBEN
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2y Al A=Y RS RN HES R BY TR 17y
(& 7. #B3Y39] )

Il H 2] - E fz | = B A - B fir

D; 1 cm Ay 1.6 cm?

Dy 0.9 em T 0.049 cmt

- R 10 cm T2 0.0322 em*

l; 9 cn J: 0.133 et

Iy 9 cm E 2.12x 108 kg/cm?

h 1 cm G 0.84x10¢ kg/cm?

b’ 1.6 4 a 10 cm

120° Degree b 5 - cm

0.95 cm J 0.04 cm?t

Ay 0. 6361 cm? [} 20 cm
B, 86. 4619 107%/kg. cm B, 131.841 10-%/kg. em
B, 4.88 10-%/kg. cm B, 35. 3861 107%/kg. cm

4. ERIWI0 &Et EHB2 KR FHEES &

2.285} 2.3%e A IS EEREY AR BSled FHT 3 29 1644 KRS B A =
2T Y WS R oS of Aol KBRS REIFH vIxs BES FEss] 915kl Holzeriko
el EFRBIME HEsty oot e WS St o4& WIMESH st 2gkeh

4-1. WMBEKRES RBRAE

2% 16 MszRERBE kBl 2, KT 29 AFolsh. 3] 2P en$E A
Frate 120°9 HMAE o] Fu MES A @ acky Aohd ¥ awaAste] #Ee 7
S EIE & v e e EEe s EEAZeh sl el a¥ affe Knife edgefke
aoghe] Bl HREAZEh. Dol sk dlel® - Bwlo W& EAISH
| s =5 geond melevo]® 3 ffhele] k] HsY
ks —EU 29} e AZYUES nbEe] WeA A Faaddst ey,
Foa et R TR BB Ra A FE bEe] Atx wER Al

28 17 L4EEE 2 23 18e Rl & wog ot e A b7 #
shol A:leEE BMEHM-o2 gl

[n

&o
= r-l
(W
fru
o,
v
=
fu
W
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°|re]

r

@ Power Source

3 Low Frequency Generator

@ Strain Amplifier

@ Oscillograph

A58 13 11 1 S NS R AR R S ANNANE R R RRNNNY

® Electric Magnet

® Oscilloscope

@ Cycle Counter

(28 17

@ Power Source 3 Low frequency generator () Strain amplifier @ Cscillograph
® Eletric Magnet ® Oscilloscope (@ Cycle counter Bridge box (@ Strain gauge
(Ogl 18]



2¥ M MEAREZE BRY EL Ak WY e 19

(% 8 XBEE —%¥%)
No. = " s B 1 %

1 apgol Lo HAR Hfp & DPE-10H

2 R BE HEHML

3 el = HAR $fnmp a5l DPM-CT

4 24= gz HARR t7cit o RMV-33

5 E WA EE7 iRva

6 Ledw A3z HARE BB 81

7 ol E 7}4-¢ HABR ATAKA Co. 8 VS-105

8 2] Ex HARR Hufomt & DB-120

9 £EH Q] Ao]A HARER St 8 KP-6-A1-11

AN RERE fhatol BT 0.8Hzel 4 #y 120Hz 71 o] ERHE 5 HiAow
AR ERAES Ecte T FAAA A ERe EHESE matg o #Re HBo o
o196 ol whe} o] sEdlldlel A E MES ¥l BTN 2 ME (G # 5y F
Fosh MEFF T Jirge)l IS @RSl st MEY] Yo BEAAA edmsmmol o
Hizastzel el Fi 2rE shu WHE shol e

)

JEREE ®

@ HFER @ 2924
(3% 193
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(20) 19754 4 A WMEBEAE Bk H108
28 20 —fEE U SEHREIS # B HEhel K& RHT Aol
o] Ehl KT BIIREDE FRFCl FoskStel M

-0 sec—| (Poper speed 20 Cliec )
| A ﬂ \f C boiseed |
MWMW
B HLIREY
%%M@mwm I . |

HIE2 15 ,
Hipel g ‘”7‘?79 k-o/sec |
\ | ho./sec—ﬁ | H*‘ﬁ&ézﬁg% £
\/\/\/\/\/\/\/‘\/m/’\/\/\/\/\/\/
= B ELRE 4—37Hz)
’% ﬁMWW%mﬁM
| | 45 8150 10 80 (54 6tz)
: WA 1 58 FiR g 1 QF
v 42, WEaHac EHEBNRS HE
| 2R 205 o) mEe EEE HEAAA HEAAL A4 mi #3 2dad FE T
dolzl, Fowe w Fegofhs KEE KEAA Aelwh ki sozEiePel gl 2
7 |
o ; B f
—0 . E A
ﬂ L i = !
| Mz my me Ay
\ ! 7 E
0 ey A
(ag 21)

— 278 —



Yol HHRNL2ZT B R R R B (21)
Bo =gl oA HE=E Zkgs] fEol vlo] drlelA g RIS &Rl A U
£Z2Y WEE £ 23 o] Fol whel Holzerfhol kst BEHREIEE A= ik

(k 9 Eifo] HRT A=URE)

m 0.5484 grsec?/cm ’ k l 90.51 kg/cm
m; 1.0279  » , ks i 90.51 »
ms 1.0279  » i ks | 90.51 »
" 3.6878  » l ks | 235.30  »

AR HEREEL 103 2. 2 EREEE ksl BHSkS KER 2414 GrEs
RSl HoEehl b —ERRHRENS ER) BARTE vl o] 0.7% MRS F|EE RS Yo
o CEEENS o) 1.8%2 Ho] obgt BimEleloat ol AL MBS el By %
9 Bl K Bmo v Azw & b ody)el Kete ¥l % WiEHe] HERERL o -oFu

(% 10 EHEHE FRER} FHEES] HED

15 R o s g armoEWm | moow %
' I
— 20.8 ‘ 20. 95 1.007 0.7%
L 0 43.7 i 44,47 : 1.018 1.87
— i 28.5 : 28.65 1.005 0.5
E 2 B i
NEREB # 54.6 : 54.67 1.001 0.1#

5. % W@

Bllez =9 adlRe] #FMEBERE M BGX B Do st #Fe)  gber
29 12,13, 143} 36,1060 41 BHEEE whe} o] vlo] A HRAS] HRMHREIEE ALt o M
HETAZE e B a2 A BES wol wx, REHRRA Kt I hol s
o] fREEstel fkelel FEE dRch THEMEA S Ak 2E X&E RET F dun a4
ok, vl #RHe) ABIEE ol zbell whEl fEzke] =@ afipe HaEew sl ke MEIKES
At wg Adel=a KEFmAS st g e

2 E XM

1). N. J. Visser, The axial Stiffness of Marine Diesel Engine Crankshaft. Intern Shipb Prob.,
Vol. 14, No.160. (1967)
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(22) 197542 4 A BREBEAE HIR F108
S. F. Dorey, NECI, Trans. Vol.55, p.203~294. (1939)
P. Dramsky, et. al., MTZ H.2, S.49~52. (1942)
4). G. Anderson, et. al., Intern. Shipb. Prog. (1963)
A. Guglielmotti, et. al., CIMAC, Copenhagen. (1962)
A. J. Johnson, et. al., IMET, Vol.75, No.4. (1963)
7). &% W, HKEFRIEM Y 7 BRRRT VEREEO< Y v 7 ABKCHT 2R, HARK
THRHE, F58. (197D
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AWM MAMAZY ERY EL HEFE B me (23)

(Mg 1) $£zME(E,/2)0] =

(a8 A
+ etz e

Rl e md alhe] —g A ohihe] B Mt 2 KI3e Al A 4
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.- »—.7'2; Y
(ag B
A+E8=0
_ A
Ex_ __8_, ..............................................

Bz = S B o] 0°q) =g =
BRI 58 B =Y aipR
o EEEES 29 As) ol mpa)
I =¥ Aol zliEe] Efrm$-
WEE M A i Ee Y s

e
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dMiEe o) fEE Astn B
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(29 B) of Aske & ol
Al Ae ExrEe zidEE
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(24) 19754 4 B @BRWEAE HICE H108
1), (@), A

___ Y _ __7”_—_51_

= =T T2

(s 2) MEBazi=awme) vl EUEREDHE

' A= = 6] Y EHREBEEE 1%‘ D} o] e EHERFHNEE A AA G
=R | r:_l . .
1 ! 1 : :
— 0 U ; || :1 j 0
el ; m : 4:] ! 0
L / ot /' o
/ ! | /
Jl ) Il I3 ' -—"-4 :’,5 J—A
ne },/ % ;T a Ig; % ,}235’ %
12 <l % ‘?63 2 K/
\ AU %

(gl D]
£ime] EMESHE Je MR = FHEste Faolee] EHeS e 23 B Xl
(E] S8 REDSHE 2 HISE B8 ‘
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I 23 gremsec? k 4248 kg.cm/rad
J 46 " k' 4248 "
I
J T 46 " k' 4248 "
v Iy 23 ” R 8257 "
’ §A 27.6 ks’ 2947 p
? e 50.3
(1 —& % —# BIEEERHHD
—Hi iR E P2=32410
No.| T TP B J'PeB S;pe8 | Keren/rad | -3I'PiB
1 23 745430 1. 0000000 745430 745430 4248 % 10° 0.1754778
2 46 1490860 0. 8245222 1229247.1 1974677.1 4248 % 10° 0. 4648486
\ 3 46 1490860 0. 3596736 536222.98 | 2510900 4248 % 10° 0. 5910781
4 23 745430 | —0.2314045 | —172495.85 | 2338404 8257 % 10° 0. 2832026
5 27.6 Q94516 | —0.5146071 | —460324.28 | 1878080 2947 % 10° 0.6372853
6 50.3 1630223 | —1.1518924 | —1877841.4 238.6
P2=32410 P,=28.65 Hz



=y ez e Y BT BT W 25

ZEHEH P,2=1188000
No. J J P2 g J PA3 =PSB k' grem/rad —kl,—Z_]'PfB
I i )

1 23 2714000 | 1.GCCO00 2714000 2714000 4248 x 102 (0. 6383888

2 46 5428000 0.3611112 1960111.5 4674111.5 4248 %103 1. 1003087

3 46 54280G0 | —0.7391975 | —4012364 661747.5 4248 102 0. 1557786

4 23 2714000 —C. 8949761 —2428965. 1 —1767217.6 8257 % 10° —0. 2140265

5 27.6 3256800 | —0.6809496 | —2217716.6 | —3984934.2 2947 x 103 —1. 3522002

6 50. 3| 5935400 | +0.6712506 1 +-3984140.8 —793.4

P,*=118000 P.=54.67 Hz
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Eoeleld] Heols]
il EEE et skl ek
#0me] EM e mel =el
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wlieel e Kl An

el KT GRS IS

(O E)
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(26) 197548 4 5 @RIGHERE R 1068

(Xl —#% —& EALHEEHN)

—#iiEs —XRRE P2=17300
No. | m mP, x mP,2x SmPx [ k gr/en ‘ —;—ZmP,Zx
1| 0.5484 9487. 32 1. 0060000 9487. 32 9487. 32 90510 ’ 0. 1048206
2 | 1.0279 17782. 67 0. 8951794 15918. 679 25405. 999 90510 °  0.2806982
|
3 11.0279 17782.67 0. 6144812 10927. 116 36333. 115 90510 |  0.4014265
! |
4 | 3.6878 63798. 94 0. 2130547 13592. 664 49925. 779 235300 0.2121792
+0. 0008755 i
I
—EiEE —RER P2=17330
No. m mP,? x mP,%x ISmP,%x k gr/em —:;ZmP,Zx
1 | 0.5484 9503.772 |  1.00600000 9503. 772 9503. 772 90510 0. 1056024
2 | 1.6279 17813.507 |  0.8949976 15943. 046 25446. 819 90510 | 0.2811492
3 11.0279 17813.507 |~ 0.6138484 10934. 792 36381. 611 90510 | 0. 4019623
4 | 3.6878 63909.574 |  0.2118861 13541.55 49923. 161 235300 0.2121681
—0. 000282
P2=1732217 P,=20.95 Hz
— GEE] P,2=78070
No. m # mP,? X mP,%x ZmP,x k gr/em vl—Eszzx
|
1 0.5484 42813.588 | 1.0000000 42813. 588 42813. 588§ 90510 0. 473026
2 11.0279 80248. 153 0. 526974 42288, 69 85102. 278! 90510 0. 9402527
|
3 11.0279 80248.153 | —0. 4132787 | —33164. 852 51937. 426 | 90510 0. 5738308
436878 287906.54 | —0.9871095 | —284195.28 | —232257.86 2353000 | —0.9870712
—0. 0000383
P2=78070  P,=44.47 Hz
(& 4 xiolgdolM BEEE ZRUEE
VA A BRI A% F =$el=d

L
LY

23 Feol zre] FEsol

P ACES

1
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—aae] —i Ad EHfr=$

Asie

e o] L.
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fug ol B

Castigliano®] @Bfol] 4&s] A,
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