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Study on the Practical Solution of Vibration in
the Marine Internal Combustion Engine Shafting

by Hiojung Jeon
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Abstract

The vibration problems of shaftings in the marine internal combustion engine have been stu-
died for a long time, and it is now taken for granted that its basic problems have been already
solved completely.

The engines growing in size and power, however, have caused such crankshaft troubles as axial
or coupled torsional-axial vibration. For the former mode, some empirical methods have been
proposed to calculate its natural frequencies, but they are not so reliable as for torsional vibra-
tion, and it seems that an experimental method should be applied to the latter.

This paper presents a new equivalent system of crankshafts so as to tolerate 4 degrees-
of freedom: axial, torsional and two kinds of lateral vibration. Theoretical, not empirical,
equations are derived for calculating stiffness values of the shafting so that the calculation of shaft
vibration in the design stage is possible.

Equations of motion are written in matrices, transformed into eigen value problems and solved
with the Jacobi-rotation method on a digital computer.

A model crankshaft is built and tested to get various records of vibration of crankshafts. It
is found as a result that the calculated solutions agree well with the measured data from the mo-
del crankshaft. '



— 2 — 19724 9 7 WGERTEIEA SRR BT (38)
- F B

A EE L MUTEBIEGR, W —ifel ol d i, fifd] =edels 2e iR Bhds
RBBRAD A BARE 22 ARldpe @) et HFEE s el v BRI oY
T VS EIRBRTET B AN FHES ZRAMWE T AR 2 Kol wE A a AL
2 FAMSL ke Rolvba BRAN S, =3 R0 EIHERIRHIED Hetd e BEE M
FEo] B fflcatA] ebory] A Ee] KSR o gheh. 2k 19507FN RHIFE ol i K
Rfest ma@kae] A% BHMA 2 KBTS EAE P Kkt o B BERRHEC 22 82
B fPreeta fEhAl = B E =2 GotE A 2E RBRES A = g

A2 REIFED Fe] e Welhe AL HUheR = v EYRHIH BReE WEse A
EIRE) (45 oF 2] 24RED) o] o

HHRY AT o MERES A A2 HERY BHAEE oF TED} goHVY ol
el el Ae Az R Hzeos FREte, 2 #IRE mEletY] §she e W
fEstel MERRERSH FEMRE s 2 9

= M2 8 H2u SURMKES MEAT a0 ME2 29X

A Al A ZRB] B Pigee MMs) celA ¥E fFadAl Ao A Re A
BEE 7] NS A4S Hlny REe doloh, 2wy 2o RS £2 AhiEgme sk
Bilgk el S. F. Dorey ¥ wu| &3l P. Draminsky, ¢ R. Poole, ® G. Anderson, ® A. Gugliel-
motti,” A. J. Johnson ¥ 4Fel] o} qh KRS T MKl BRI L ot o Ao} FHT 5 9
T AR 2 dedh ol E ok Foly v EYEH B A v Hper H—aga
ERA-S BE M thE ol A S At K RIEKS HABHNS EHE gz
A aghe] MIERBGT RS BEFEST ot 28} ol d S Hit: oA BEKS HhiES
#ell $reted 178t 97 W Fe) JbE & HHUF ol R =te OB Rld Hi BhETNE
WRAETE A Hoh o] el WY HFo M HIET RGNS KM Wetd #Es . Hia
fEE TAMES] BIEA71 2 9ok, ol Aol =i} HENMTRIMMANS FEUMHS FEds B 3
Lok e e WEmAC] o b METH el e T4 maa e fEfe]l AAH=
5T RS LE Mo R B S Aok Aol s deh. ®5 L R Kane Yo] 173 B i
Tz g HRALE o HHe Whs) shw 9k

BE7E=] FERA RS Gkl T4 BHS 22 2 véig‘ﬁmﬁﬁfﬁ?ﬁﬂ Ak F A
RS SRR 29 REBR P oE HiETo BEke BES 3 ¢ a2
BAadl A #eate] WikBa, £E7 wERkES BExs 3o 99 BHpe
ez = BEe MRT 5 Jon G EH (o] ASdE R EYIRE)Y

(1) Z-H, DARMABEREEE F4E45, 1966. 9.

(2) Jeon. Tsuda, Japan Shipbuilding & Marine Engineering Vol. 4 No.5, 1969
(3) S. F. Dorey, NECIL Trans., Vol. 55 P. 203~294, 1939

(4) P. Draminsky, et al., MTZ H.2, S.49~52, 1942

(5) R. Poole, Pro. Inst. M.E., P. 167~182, 1941

(6) G. Anderson, et. al., Int. Shipb. Pro. 1963

(7) A. Guglielmotti, et. al., CIMAC, 1962, Copenhagen

(8) A. J. Johnson, et. al., IMET, Vol. 75, No.4, 1963

(9) J. R.UKane, et. al., SNAME Vol. 57, 1949



(39 fARR AR IRES BRAMEEA MY PA -3

EE 7] 4, v ERIRBS RN A ZIRBY SRS EiTs e A e v EY R
Ffksh A 24880, M A 20 SRRl BetA FAED o =ebd ErRel A ziREe uiz
A sras] dsted A ] ERIREE Rl HESL 2 s Mo 2o kgl WHs A
& B g

LLESY ol Wigiah A 2ikBol ohe Wie BHE MEst Qv A5 A2 SR
fEpTe WP MGt fEECF BfEgebe] ojsil Van Dortel N. J. Visser 'V o] o1&k a<ce]
of Wi AELE LIESL gl M3t Aolth 28 15 BWEERC Qo 7 £ER
ARG IS FLRRY .2 FHEshE Aol TSt EMete o7& 27 Y = (Scale model)<]
oete] WEEAISZ keta ook = REFERS B E fide]l 91 e sl ¢low
TR EARSY BES g 9 oo

F ol AR v EIRHS) BIRIEDS B2 WUty sk ke WA

v HE AEGA A2 mURE RES 2 aliRd B HIEHS QRN BAE 5

. S % sholeh
Y YWt {\) 23 1A)E N—agazzts =
T ; | Wel™ L3 1B)E 8451 P
| E‘S? = | BIRRE A 2e ZARE BT A
P o] | ’ oot of AzE mAK 9o & %
i Jl | b Mg B Azesel adah
9(“' g il .' X E EEmSues Wde Astd f
Xé’—&'zﬁ B meyS—0 HEEDWE BESD olH o] M
JR——7 =t Gz Qo) AEmE, B B,
- e BEel 9 oA mashs 2] WE

g, FrafEe] HEhol wEEslha A
gkt
23 1 (A) BE—ada=g 9o vy

 ygnyprmigpitepocs—sg

——

a7 1 (B) sda ool AMMERS =

= MEE 2YRd AoMel Bt esl KR W BIEFRE
A zp =g olel A EMApite] (M= BEETS ik w BRI 2 ke
Astn BRSNS S 2E, WEES G847 . 29 s FEELe FEa 9 23

(10) Van Dort, et. al., Int. Shipb. Pro., 1963



-4 — 1972 98 #EIEFAERIE BT (40)

e EASHE #hEd BRI EE 2 afhEe) o Yidols HES =3 ZaaeE B4
S Ffinke] fEE FEITL

ohgo] EERES ERIM GRS $-4 Castigliano®] Ehe] o std Wiffe] & == m$n] Ed)
o) gk 8y, I B EM(Influence number) - ket ol A& wlE Y A(Matrix)Ro 2 EAF v
& 9 HelEE 28 ipiield e FEHUT LNl Th ol Bl gk TS RIS A
shaL 9lom 2 Maxwell-Betti®] MHEMA 3o (LES 1,7 st HEERW fi=fi7t K
I nHBE ¥ete FHE ok HEBRHE 1/2n(n+1)fflo] g {H £#=2%E —BYoz [R—
i Lol glom K FAS MEE FEstT 9o EEMHECIE YL B)Y EM=2z$)$
B b ERstY EEE R 9 =299 MIMGEE LEMAEY o s Fele 47
o = vhEE A (RIS EeLE R 2) & FIASE Zol W4 ﬁﬂ%}v’r.

g1 (A)S =259 Bifig BEwEste Ake] x5 3, EE 5,289 9 =eAEL ekw

FHEREE 2 2ol ok B 3} 29mEY Eﬁl’l BB R —#KA171 2 G EE £% 7
2, AR BERECT, JE 44 Zhd(Es )9 FlEn 2=y E, vy B 24k AR B
2RESAE; [ Jy JEE (B v, p, 28] BIRE B 2299 E; Biie EES2  Amd
Y79 2778 Indtglew el Bigel BERSHES ajAd W) 1,y 22 ¢ EES sty e 9o B
W EERSNES By, 0% Trh

248 ?
For=ggyir | -5~ +2b { PR~ I'Ra-+—%— (30" +6ab-+40") |

Eji?

+E£L{zz+z(a+zb>+(a+zb>2} )+ g [sz— —PRata { @+ -y} ] @)
fo=-g (ot fmt-pRy Lt 2R e 1pra £

+ (f]’f? {@+@-n7] @
fov =i { 1470 =D | 4B b+ e [ {1-na)

+{1r-qnd]} |+ 2D @
fow=foo= LU= 4 B 14y 1= pR) + e [ a{ 1= 4n)a]

+a=0 {ir-Qtra | ]+ B o) @
fov= E’] { ekl -0} + E}flz [ {l—(p+1)a}z+ {lp—(p+1)a}2] (5)

fov=Fos=—pi [LEe o trvitaran +atany) -1

+ 2 [R=1Ga+) { 0 R+a ) +-ELEL (ay2h) taaran)+at] |

gl [ fmat) (Lman)t fi-ie] fa-o- )] 0

f0x=fx0_f¢:_fz¢_fﬂ\y_fw0=f¢w—f\y¢—0 (7)
5 (T )

_ J " s

*=TT  R{@¥U-a)} (8)

BT AL LY



=)
l

(41) MAREEERIRE Y BRI LA RIS BI% -

p= Tl IR ©
L 20K Riai+ (- _q)_}_+ 2R

2Ra(l—a) 2R3 _2bR*

. 6Ej YT IGT, T 3EL, 1G], (10)
U1 %R R@+(-a)] 2R
3E] T G, I*’GJ, 3EJ s
{ 2Ra(l—-a)
A efj A
I Rle+(-a) an
37 Iy

D)~ (NFS FHIBE el =2 A (Flexibility matrix) & =53 2.9 #et=els, Rl BIEFLE
2] 2 (Stiffness matrix) & F-obwl 9] EFsb AxuMitkel . Bie MEstT. Al TS A
S A% mitkelEE A [Kadl

fuw — Sy
FeeFer—(Fead® 0 y FeFoe— (Fead™
0 Soo — —fop 0 ,
Soafop—(foe)* foofpo— (foo)? ={Kaa]
0 —foo foo ) 0 (12)
Soofoo— (foo)? Soofoo— (fop)*
S o J . et

Bﬁoﬂ S0} A8l b AlKsalie FABS) o149 459 TOERElr o 2 3E RS A
msEshn Bel B st 49 RibkrtEd 2(Kes), [Kaslt 919 Jitks = Ee) 3
, T [Kadl, [Keall 9] fREH7E ZHa FRE=E sh22le] ARt K

hifERel] A= y, zEE o WES Mt 2HHMEY Miin A RprtEd S i)
g},
mhx uho 7 BRAMSE ARt FEShL Qi HUETO RMIMMANS Ke: A B Fd)

QLA RS AIES e o AT WG SIS AS RUESR kA S
et

| EMAERS BE

Mgl A WY kel ot MRAMHS WEE=SHES HE R MEENE $T S olAE
SEd AR e 29 BT Zo] MR RS @HmS R Dok

(M) (2} +[K] (x} = (13)

3714 (M), [K]t &% BEZSUE Te BE) shEeas mipkehEY 2ol® EAHM E
B plvhER 2otk (x), (slE AEES BB Y oAE WA M 2EEAT AN M
5 e (RS 19 WE ()= (Flewist s Braer oA (R AR
st

| (K10 [M]] =0 (14)
2 Hd 474 (T HBihrted 2, o ARBE, (= BES Tungdd (1HRXE o, I EH

(1) B B FRel ol oha o, ATUARS A AT 0.150% 107kg/cm~0. 500 X 107kg/cme] FiFE
Y




(42)

MH BT

L

197296 9 3 BERFEAE

824"

)
» b P & & P
/ ;zo.w M N
4
R micE
No.| 2243 K N032z4a
200 $0° _ _
_l | 1 [ | {
f ﬂ--_ ] ﬁ . ! MJ
700 — J0—=1=— /00
=)
et o
17 | Zarol 33 ss3¢] | ¢ | BDEBRIZE [s200] 20
(6 | ok aEEYEE [s20c] 6 S | &t dic|swc| 8
15 o ¥  |ssiq| 6 4 RELEE [ssx¢| 4
4 [ 3i4¥ gasvie [saoc| 6 3 [ #WEEAB |s4]| 4
13 | 243z 4F Issayl 3 2 | BHa-obd (1) Spoci 6
! 2 | 3% 2k {Be3 | | /I | 2a-of Swc| 6
NPI.J“ m /1 \WWM_\.M;_&& | {52202 %] oo & BEpkEF
_ - 0 |HEriRsSdu s [s20c] i e s 4 W 4
A%pey Bisd et —wary [§| 4 Mm
8 |[#EgbR @ [ss3¢] | B X i Xaapp|R| K Faik
T _|BAREARR [553¢] | PANY: £ XY 13 3
EE] B 2 BlokK[$

’

2¥2 B =9 #rE



(43) FAFAPA R IR ED S BRI ML BAT BI%E -7 =
fic] 3 BEAHER A BHHIERE F£ A BEAREE Kot R fgdeh

MAMES FHEdl & B FHikol EE I oot M=l iR A e HERY XEoE 5074t
2 57 gEd (14)RE Bt LEKE e ol A4 ot o'& Kt kS TR EE
L s = Ryl oF. whEE ALY o et Juithdl A Rk (Pover method) 3} zhol HETE
o] o stE AR w2 HE e HikE, BB 9%te d= Fash EAHET FoE
He A fEEEAE TSR s A-pdl e A ZREel ok ol# ek kel flz MG
FHEIRERS st Rl o WAL EAT Jacobimlfgikol JH F& sttty AMFSS A E
o EHEE o HiEL @M

A WEIYI3 2F BE

2 2% W= Al MaziEel ot 3 =2S8F AW == 12009 4fmes [ES
of glet. #aAt #Ropd el £ 8m/moln ¢ HiAE hNe s sl e s FEEH T
izl = Zebel 39 BRER & FEZer AFebdFe EMEHE MHM REC  HEA) 7
918ke] Knife edgeff o2 Jnse] lon {HiEMRS slste] Eigs 2 Bikez mrstde i
NET AT HAsY AE R Y & A

p o 3
& Low freduency wa

183 BREES KEE
13 3 RBEEAM AFAM L o

hr H4E RifEel .

BAIRES FElY] Y89 mEERE
vl 7T 777t A (AARRK, FKEWE, Model 453)
e d 9% FEkERS Audioff Power am-
5 heel plifier (AARE, Luxitfl, MB8A, Hi-Fi
UL j&iﬁ 235 of = Amp) =4 e oS TRIAC fngheh
- a9 B 2f59) REp#E No.2azja
ad4 PR al a®RREEY KB =290 Zzlol3 Ao THFES Ao}

thal o,

MEREAE =8 22 A LA Strain gage (AARE, HMEHERLLE, KP—10—A1—11) £ 5



-8 — 197242 9 | BEIIFKBRTE B8

TN S #MAA Bridge boxE #8ihiste] Strain amplifier( AAR, KT a5, EM—B11)e]
#48h3. Oscilloscope(HAM, #HZik#l, ST—1612B)¢] o B>} FiA LR Oscillograph( H A,
ZERMEREE, FR—201)4) o9 #-e ZH 2 fFhodvh. =g Oscilloscope fifllee A$-o &

N Digital counter( H 2,
‘ME li.o'cPS( !+L’+E I W[ Lﬁlg J»Jcis(LLLH)

(44)

TakedaBtfiit %, TR—
3824X) % fitJiIske) ok,

235(A), (B), (©),
(D) 743 $e fmiE
Bl4lial #& Oscillo-
L graphe] M 0%ho 2.4

4% %% 15C.P.S.,29C.P.
S, 38C.P.S. gl 45 C.P.

a%) —[’ ‘{JE, /45 | st!LLLu £ L}E}H‘] . 91 1:]-_ ‘ﬁf&j]

¥k A sl wep4

w WM \ /\ f \ e =HA = Strain
[WN\ (W \ / gage: MRt WG

\ ! ' 1ol EAEES o)
vebdel, 5%k 3t
L1 P 1

IREG e = Bl 6
R FH Sk ok

295 HiX -E#Oscillograph] &3 #A =) a9 REHCH

(Fulxrele] G—300A, Z-o]|FEE 50 cm/sec)

et

. RS HIo HE
R a5 a2g67 o] ML & o+, 3
Wk £ MR 2y f{keSEs 15 2
o},

2H6 Bt Eiaga

F¥1 #B3y390 KA U BEnHE

B’eE M. x 10-3(kg sect cm~!) | 1,X10-1(cm kg sec?) | I;x10-'(cm kg sec?) | I.xX 10-!(cm kg sec?)
1 0.4477473 0.2024202 0.1012101 0.1012101
2 0.8604113 0.4077533 0. 2038767 0. 2038767
3 a 0. 8604113 7 0.4077533 0. 2038767 0. 2038767 h
4 0. 4856226 0.2024420 0. 10122£0 N 0.1012210 ‘
5 —7"_& 0. 2696121 — N -




0 PORRBS B R Bl BOMAY Bkl B

® 2 #BaYyawel WA YRE

Wit

(kg/cm) ‘l

Ko (rad/cm kg)

(rad/cm kg)

0. 5090888 X 10°

0.2079365 x 10¢

0. 2937872 % 10¢

k\l"ll

(rad/cmkg)

koo (rad/cm kg)

Kys (rad/cm kg)

0. 4539587 x 104

-0. 1037174 X 10

—0. 2545444 X 10°

#F2E £ 259 HMzAMH (D~U2)KE =z 2a3i{kstd EFitHEEE

o —ifel e,
£3& 46194

®3

ST R

WY ez REHERE 2ad(bste] EFIEEE HED BRI
B30l 25t MBS Y0l AREHE

Circular frequencies and normalized vibration modes of the model crankshaft
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