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Dcveloping a Computer Program for the Torsional Vibration Analysis
of the Marinc Diescl Enginc Shafting

Uckan Kim + Hyojung Jeon

Abstract

In the earlier days, when the diesel engine was used for ship propulsion, its shaft had
often been broken by uncertain causes. Bauer suggested, for the first time in 1900, that
it resulted from the torsional vibration of the shaft system. From 1901 to 1902,
Giimbel and Frahm found out that shaft failures were caused by the resonance of the
shaft system in critical speed.

Since that time, valuable theories, empirical formulae and methods of vibration analysis
were introduced by many investigators such as Geiger, Holzer, Lewis, Carter, Porter,
Constant, Timoshenko, Dorey, Den Hartog, Tuplin, Ker Wilson, Bradbury etc.

But, as the calculation of the damping energy involves very complicated and uncertain
factors, the estimated amplitude of the torsional vibration is incorrect and uncertain.

Besides, ; as high-powered engines have been installed on large vessels or special vessels

and exciting force has been increased, new problems of the torsional vibration have
continuously occurred.
Although we can calculate the approximate natural {frequencies or estimate their amplitu-
de and additional stress in the design stage, through the above mentioned studies, the
results of the calculations are unsatisfactory, and so much time is needed to carry out the
calculation by hand.

The authors have developed a computer program to calculate its natural frequencies, the
amplitudes and additional stresses of the torsional vibration in the marine diesel engine
shafting.

In developing the computer program, the authors have paid the special attention to the

calculation of the damping energy.
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To verify the reliability of the developed computer program, the torsional vibration of

several propulsion shaftings
alyzed.

which are driven by

the diesel engine has been an-

The results calculted by the authors’ computer program show good agreements with

those of the actual measurements and are better than the results of engine maker’s cal-

culation.

1. o2 &

ool A el MAEHMM e = s
Al AW HRe = fifo] == BT
e} 2 RASTE o ol Aol fhRe vl S mREhel
9] 3 A& 19004E, BauerVehiz ~Abgel A2
o2 afgsid o). ]901~1902’4“0ﬂ~— Gumbelz’i}
Frahm®d] o)t Jipel FEgE v filsh
I i 7T Lﬂn;],,\ a2 FER ol 5,-%'1 fii
Besel glol Ao HiARIRBIS KTl W
& 7 et

= MMM o2 A THEHEINREC ol
well wheh, @R v EYRBMEBE 2 TEES
v 3}A] H o] Geiger, Holzer, Lewis,
Porter, Constant, Timoshenko, Dorey, Den
Hartog, Tupulin, Ker Wilson, Bradbury %-oi]
13 HES ST BB 2 me B
Yol BRI Z 18T MEMHLA Kl o
=l glol e BEEHAA EH HERE
W FF3Eel mAEEHAl S vk e Y, RERES
HE-e MES] W 4 Bty RgpEd
WHRE ol WEStZ 97 sl obd Kig4g
g REBEA BIESF s 2 Jdes, =3 Ak
TR KeERi ATl TR #Ee s
WRfES 82 iRl aA=y o2 JHI AR
= BRI MBS i At 9ol v
EUEBA % BEES MRS R e E
of HA 8] RS o] B PR dolsivh,

BR-E st HEMERRC #5Achd & 508, 5
W RN SRl FEES eI E st
e i) glgw 2B He ﬁlﬁﬂ?ﬁfﬁm RIS
MEDE #Estsd ARFHEES PRS2 HEd
Fhol HligfEnel & HEilldl v a&"ﬂﬁx 5“5"1]*1 il
Yk o 255 Bk HEd ke 9-9) ok

Carter,

ofel gt H-e Miron Ipdl= w@ B
Mo #he wER ek Fo) MRIRES #E
StEdlz slohA Fikel AR FE s gle
v EEh FHRN ol 17 W
off WiSLikel vt JELIEREC] ARallEer Figel vt

A #XAA = HEBHBE 5 o2
BFES WEA VA B v MRS
7oghe] WA EMAA BRI 2 SREIKME
T3 R BRzZZa9s MRStz RS
TRzl oste] Aozl #R, MMME 2R
% HHSeerRtel FOASA HS E ksl
At el (R WHEEoWe 3 xmt‘i&u Bk
A gt

011}1 1=}° ol B“]

2. BREHHKS HX

AMAMMRERE - RS RERE ERSH
PR OHE REHES fTile A - HEEs
vh,owhebA R 2 BRI I‘f]‘%i HES
WS hEme = S SHEES FOME
o2 ##sln HolzerVe] REKIEMKA <
BHEBRBEE st & K2 d-rel F4

& K#el AT EREDRA L. o 3l
A BEFES Figkel o] MEV HE e
SEUERSE 2 2MS SEEES 389 2ol

FHALE A o] BRI
fereel Fiks ad = R

o) 5hod A =

2.1 #HgRe HREAR
HEAERE SUHRS A RHBMAOAE T
WM EmE d odz EmE OEMURA o5k,
HiHETRS EBo] sz EEel HRIAL
BfEel A = EARBI KT BAmke s HH
e Qlar, RS BRERS FOMel ot #EdE



4 WEMMTARBIS @IS, 4% M, 1980

B RS AT HEERS i)
ek, HEER WS FUHA € el TR
SRERE AT F 9 2T R
KORKE #h MR SIRECRS) 12505
RHSEII o2 A5 Aol E Fikol o).

2.2 3Y3IWe| KEMR

2 A2 2 Fofo] MBSy wlftel  Mifk
FRBE HRm o2 BEEsSHAl Fibe Ao W
S BE fBpol v EHEMEEE kd kI
Aol FIHE . KEKdl = Carter®, Timosh-
enko®, BICERA?, Ker Wilson®, Geiger?, Se-
elmann!®, Tuplin!®, Heldt!®, Jackson!®, No-
rman-Stinson'¥, Schlaefke!®, Zimanenko!®,
Constant! %] Ke] 9l z FHEMMoZ FIX
Sh Hikell = BEAR o Fik®FA Tim-
oshenko® ] o] FIAE 3 9=}

3. wiRMILAXIS| BHH

a9 A R v EE RS Bl A
o] Hl+ AMr.eas A=Y WY bR, I
2E D PR SEERY HfE 9% vea
7 ek o} Fe WmillEeaEs Hilfme =it
Fourier ## =2 BBt chea 2o

31 Jl~EHh ER3

R=0,+X(A4; sin ia+B; cos ia)
=0+ X Q; cos (ia+p:) @))
2f7R ALl F B (DX
Q=0,+0; cos(a+p1)+&Q: cos(2a+py) +
co 4@, cos (maAtp,)+ eeeeeees )
AFTREAL o1 ZHBRN s A=

Q=Qo+Q%COS (%‘FP;) 4@ cos (a+p1)

+Q§cos (%a-f—p%) Foee 3

o 7] A
Q: A=A 9% ®o1
Qo : A =FES &8 W FR QL

(=93, Quer)

T/
Q: 11 R WML B
(==v/AF+B2E )

A}.:_L\IZ”Q cos ia dat

B=;—f Qsinia do

o ALE A

pi St
TR #4H R Qe Jl=B BB
v} wmbE o S MY e R
4 glvh. TEEEl glelAe Jmosn gnE SR
fATskel AT A iET lem?, s1E seke] ol
Iemell o Shed FLish PHAMRKGSY M-S FTS) o
olel. A% o k& CiE she

Q;=C,~-D*R (kg+cm) 1Y)
D:aad ER R: =g 28

32 AN E2D

et W HER NS
OJ_' Q1 Q/ oy

-o] PRl K

Q' = —m,*ri(cosa+Acos2a) (sina—i—T)‘ sin2a)
=042 ( i{ sina— ~712»-sin2a——v34’:tsin 3a)
6))
me : B AL
r oasma R
Ao MRS A el)
w ey ) EEAHE (a=ot)
DR A =40l w2 ARBHHE o5 e
7hel ®eh. mF MY R o E ol WSt
= "Jiﬁ%ﬁﬂ ool A A Mg =4 &=
vl W5 1,2, 37 B Sk st R JHFIL
PN
BllS vl e art e vl Es kel v
AzA fEPshe B 2 v e A Aae
0=0, sin wt¢] FMBHS SFa gl el
IR ES 5L gi=—- DZRC sin(ot +¢) =8,

X sin(wt4-¢) 7} ﬁ=FﬁE} o el F 1Abe] i

o o W



FREAHEA S A o1 BIRER v

27

W,= mq a dt—j Qsm(wt-{-([))
-wﬁocos wt di=n0); 6, sin ¢ (6
(B)RE %A 2o fhol @HstH & 4dd
= agaiEy) vderz £ Addude wE
4% # 5l ok grh. &
7010150 +7Qafsinehy -+ wQsssinghy -+ oo
+-7Q,0,sin ¢, =nQ,(f1sing;+0asinghs+asingd,
4o 0,5i005,) N
(Q1=Qy=Qy="=0,: A= nk HH
Hr.o=9 HiFD
WHEIIRIESY W48 O+0+0,4 - 4-0,=220;
25l 20,350, sing . = o SRl (/;_*_M
99 @A A W= 0,202 3

BE o] ¥

=},

4. HBOLE X2 §HH

a9 ARl \EBRES feshs S8 o %

o WEEAE EHES HIste Ze] B
ZHPEE ERWe R BES= 2-& FuTaEst
BE K BXAAE BEFAS BREZEAN
(Engine damping energy), 3]&®8Ax= K
o) ] 2] (Hysteresis damping energy), JE#E
2534 F ] v A] (Propeller damping energy)# u}+
ol Al EhEEEt e =l

4-1 HBAKEO X

HEHRME Cob Shd MBlREsl  Sohed 1
Apol Zrfro] KB E WEI M A Wer ohes
ol FHoraLe

O=tsinots] FWAHEHE hr Y= WA
A CI o Wz o) R 4 Aol 2%
o WEY Wit

We=§c -4 do=§ ¢2- - Lar

2
=0, 0t fowcosﬂwtdt———nCOO’w ')

@®RE AR B
o fifie] 6, rad vl & =

#1415
B dhm AR el

SEPS HUCR 7 S ELRES

mE BR 5
RIFL a; ol ebatdd
W g=nC100,2-+nCow0y? +nCswly? -

-+ 7tC,,w0,,2 =7!C1(1)012 -+ ﬂCz(l)alzdge
+nCywby?al- - +nC,00,%a,”

=nwb,? Zﬂ} C;,a?
%Al ol e ] ﬂiﬁﬁiﬁ7
o o
WE=27r8a)20122i‘,1(],~a,<2)(kg-cm/cycle) €))

( e=C/C.=BHERE/BRBERY
C=C.e=2]wé

or Evh & o xmAd Hansen'®L: 0.005~

0.015% &2 o o= flel ¢ 3te 0.005~0.02

S Qgehe o Bk gy )& AU

+ 558 Holzer¥+ 2—894 Zro m A 258 S
ol o] Wydler?® = 20, Dorey?V+= ¥ &€ ES
r=100kg/cm?2] w] 300, r=200kg/cm?l =] 200,
Sulzert r=100kg/cm?a % 100, r=300kg/cm?
o o 58% Fx 9t AWM EEBINRE
Bel sl A= FHfeA 0.0138 Al
BT BREE 93 JdeonZ K HAAd= M
FERE I €9 o2 0.013¢ W3+

o AT

Hes J;

A o
(=R S

4-2 F|2H2|AlX KL X|

HEEE de @B BERRRN o
ol A= FEsAl Hook®l i:flell w2 =] ¢kox
FES o A 8] v 8] Al 2R S zEl A X
th. o] w] fEAbe) Fobrd oE = HdEMREAES
#E £ ol A E ek e —Riy o R B
o] 3 & 8 Al AEE vhE Ko FRRE .

D=]J(a/a)" 10

D : Aol Fubrle] Bfr REEE 8 &0 Al 2

il ] 2] (kg-cm/em?® cycle)

J:HEe EES LY arld % 2#

oo PR SR

o 8 A E A 2 EEE HED

Dorey?V o] B RS
sk

D=1.42X10"9 . s%8(kg.cm/cm? cycle) (11)
o 25 37 Rowette] HE#EH S F. M. Lewis?® >}

9 [ES
(10)Kell Ak %



6 BEMAREEEE, B4O5 I, 1080

R vhe] o 2hwi

D=4,32X10"%¢%3 (kg-cm/cm?- cycle) (12)
o2 Feh (1)K FESH 550kg/cm? FEE7LA]
= HEMES A gto o] A& WeolMul 9]
2ol =A #,

(A2)X-& WEBEF n=2.39 & 7 A
ol WEHIES RS W RES

B.J. Lazan®-2- “BRADE 2 Bt e] HRE
el I3k PN A ##E (SAE 10204 fEJ)
I WED BERE 3, = 2{de] Mo kst
Ry e 2 HoRsta gludl el B felE
5729, 000 pst LI E), HKEF1(300~29,000 psi),
{KREH (300 psi LITHY o=z viel #%
£ WERE nEA 1>8, n=2~3, n=2% I}
ook, 284re) el = WRES(29,000 psi

BlLED, KREJI(29,000 psi LIT)S] 2hfile i
Yz EEH#E J3hE 3 WSk n=2i

s glet. ,
L.E. Goodman?¥-¢- B.J. Lazan®l #i%
BE RS ol anl gl A 2@ W A E vh
# ol FHEsl: gk
D=7.773%107% - a* (kg-cm/cm?® cycle) (13)
(A3)Kell Hdhe] dE#he] 5] vl 2] A 22 el
A& Tk
Wy'=T.773X10 % - a® - d - | (14)
(kg-cm/cycle)
d=D¥[/L
L:%EwE D: HfMmER
[ EBERS] Aol
oz H3 =e =l (el HiF 1 radel HIF
S BRY & AR, £ ke 4 BRIl
3 8 28 24l 22 WEA WA /L (DR F
ol X = == = ANES (RSl HiE 0 radel ¥
T % kel 428 e A WEel A Wy

nr

WH:ZWH' §2-3 = WH:'ZWH/ﬁz (15)
oz Hvb, KA+ L.E. Goodmane] X
& Fmeel #arshel =

[s]

4-3 eI BFOLAX
HeERE MBIV A Wee vH Kol Fo4]

Wp=Cpem-m-ap?-6:2(kg-cm/cycle) (16)
Cp: HEHERRS] WHFEW
ap: HEMEREN dleol Aol HiREE
6y: 9 2 RIS #iE (rad)

HeE el MU T MRS 33Ed s
7 7o [EEe mo e Bl H#strn

Holeas e ot FEMS] 2l WA = ol

T=Kn*=K'o* an

T : R MY noll B3 P #EER S 22
(kg-cm)

o 2nn

K, K': #:AE57 Mo 2%

R REIS RSk 55l MY #iqh
7b FA Sk, I HEES FRle] sl el
R 27 il wkEx ek Bop T
W Zel wher LS T

T=Kn? (18)
2 Eeb. ol B Aol HE #ALE WMERES
HEAERS BRI B oo BEPREA F

ol xmn

4T 1 4T

= =% dn (19

(A8)5%e (19l LA #EPshd

Com L dEKm® _Z T

P on dn Tox " m
_60 ., T _ r_, T
2 g =9.55- 2o =a g (20)

N : #efkahel oy
H ool ¥3 gho R o8 MAHKA A% &
Bk el (k3 Lewis® ¢} Taylor?® = fHIHE
s pEPES HopsE Shed 33.5, Den Hartog?” 9}
Dorey®® 3= 28.6, Porter?®= 35&% F3 9+}.
A inseal A e HBasl 7o 33.5% 39
).

PUER 3 e OET IRV S 73 R

Wp=2. 356 108 e Lerete@pt-0s" [
—9. <

2.0 can2efi.B {
—78.926 ¢ 10¢ .1,,11;,;35,,,!?1 ) { D



FWIEMBE o 3t A o A MR v R RBIHT S WHEE

_ drPoaap?6,?
=2, 356X 10 N |

;@D
—78.92610¢ POt

(kg-em/eyele)
P,: N rpme} ¢le] A2 IH:H(BHP)
N e85l Bl (rpm)
i fEEIRE R
S o ERY BB (cpm)

5. IREpO RS MEMEEh2l B

5-1 IWIAW2l SLMiRIE

—fifkmel gol A MBS KIS He
R BB A ZA 85~90%F A 3a, 3
2o B Al &= R v <] 71 3~5%, BB W E
A7 T~10%% 2= jet.

R E el M = MIEEAN A F 75~
80%, & 2® e Al HEA A 20~25%,
HERWEHA Y A = DS, ook e HELS
Hpgz she] falgEigel slelA el =9 2@k %
SHiRIE S #EEShed e oho 22 Hikel A
BE g

(D #HAEBPEE BB I ek

—HiR Bl A = HEHERRS IRfFel i el
MBS o A HEERWERNE 23k G st

538, =7 SR REEREE 6> W,=W,z
3]
b= CQwZ;2 (rad) (22)
2) s ]"‘Eﬂﬂ JaBEasie] FHy = %R
ol k3 #Ee
e B F‘/N'a— FlAsed #EtM e 2 mpist

of Bl TffidRENe] 58 O vl v Al 2pEE &
WEES] o=k 1/3P94te) eh. wheba) & 2wl Al
WEE RE b, o17le K 3MEE ANEE S
o IRIEE F3v}. Den Hartog?”+ 3] 2=l g 4
2 WFe] 4.58M% % aEEeE Rl

(3) PRI BRELI ] fish s Ak
LECIES e PSR RN R

e BB WS W 7

o] ¥ithmzz e AupEd A Wee
WT~—2n6m26’122(].» #) (kg-cm/cycle) (23)
3 RERES Wy=Wrz -7

R

=gy (rad) 24)
Bfesks A RESEE s
0= wzgi(%f;iig)' (25)

od 71 0,8 SEHERE(Equilibrium amplit-
ude)e] 2h3b RARBHFEE LA By ® M
ol el o MEfrel MIEstE el =29
mE falpEel gl s il JEMIRE

o EA ZEe 4104 EES g

() o= kel K3 #EHk

flpmol ol A el e RabAl Ao o
vl ikl (K3 HEseie RUHSHA
W, =We+W,+Ws (26)
(26) R e 2 e =g Aol Jsmiig 0,2
7y a;
27!8{022],(1,2-{'-2 Wy'6,°3+4-2, 356 X104
;:Tfffgz-vaﬁ T (rad) @n
N
P ﬂsza(,_“
T 2mEw?), Jat+ 3 W' +H2. 356 X 104
w trPseacart  (rad) @8
N

A AN A = CORE AU A

5-2 EEIMMES RN

RS HEMS MEKH vEY A 0rad, il
o vEAENE Ki(kg-em/rad)et 319 el
EHRINE 5, vEd s ME
M,;=0'ky=]J0%’ (kg-cm) (29)

aleb Al EESHIS] MREEREE Zeet S ¥l E
YT otz



8 WRAIRMEGE, MaE Mg, 1980

M Rt Job’ .
== =70 (kg/em®) (30)

A Bu e YME Yo 5o
ZJo*' = fhiEel 419 #EFe] 1 radelw] Holzer
FolA SREEC o] BT Hhiso] A9 HHiFe
Orad o=} BfinKES -2

wia.
=212 (1eg/em) 3D

2 oEvh BRARESC BN s T 4l
F AQfR Sk B Hile) ml T RIS A R ol
A e ) e Skl F el HE
AN ol oo o] figi-o- Al FE o
St Frhol [ QIR B Hixk %ol oA ®lcl.

6. H| BlixE) RS IO| FLOW CHART

[coMMON K, TINER, STIF |
1

DIMENSION

THETA ,RESTM, W ,RW,TM, STIT,
DM, L,RWNM,RWNMS, VES, VEC,
PM,DEA,WI,AD:,PIC,SFTS

¥
[DIMENSION C, N5(7)]
X
(DATA N5/2,8,3,6,5,4,7/]
1

READ
K,K3,K4,K5,K5,N3,DE, S, BHP,
cP,PMI,TINER,STIF,DI,L,C

i
Kil = 5 - 1
K12 = K + 1
K13 = K4 - 1
K14 = K11 -

®

DO 3 N =1, 10]
I
[#(1)=(1,04FLOAT (ii~I)*120.0)¥DN]

L
[RESTM{1)=RESTHO(W{1]]]
i

Q0 10 13=2,120
¥

| W(I3)=FLOAT(I34120%(N-1))*DN|
¥
RESTH(II)=R.STMO(W(I3))]

SIGN(1.0,RESTM(IZ))
3
SIGN(1.0,RESTH(I3-1)

RW(I2)=REGFA(W(I3-1),wW(I3),RESTH
(13-1),RusTul(I3))

>0 11 I=1, K

[PH(IZ,I)=TINJR(})*RW(IZ)*RW(IZ)]

[FHETA(12,1)=1.0]

[sru(12f1)=o.o]

1
20 12 I=2, K |
1

STW(I2,I)=5™i(12,I-1)+ THETA
| (I2,I-1)%PH(I2,I-1)

)
THETA(I2,1)=THiTA(IZ,I-1)-8Tk
(12,I)/STIF(I-1)

Silil12,K12)=5Tr(I2,K)+THETA
(I2,K)¥PM(I2,K)




FYCEPH] o sk HAE o A2 BRI ) B e WR =R R W e ;]

i
—D0 17 I= 1, K |
&
(TM(I2,I)=THRETA(I2,I)*PM(I2,1)]
W
——— D0 18 I= 1, K11 |

15 = I+1
[D2A(T2,1)=STM(12,15)/STIF(1)

C§ [Iz = 12+]
WRITE
HEADING

¥
—— D0 13 IA= 1, 60 |
WRITE
W(I4),RESTM(IL)
W(IS),RESTM(IS)

0 <
WRITE

ENGINE DATA
¥

WRITE
ILADING
DO 22 I=1,N

1
[RWN=RW(I)/ 27 ]

1
[RWNM(T) = RWN*60]

¥
WRITE
I,RW,RVN, RWNIi,

= D0 22 Iz 1, NODE |

WRITE
HOLZER TABLE

©

<D0 33 1= 1, NODE ]

DO 24 I8=1, K5]
[
[RwNitS(I) = RWNI(I)/18]

RWNIIS(I).LT.NG
OR

RWNIIS(I).GT.N3

—<{DU_40 J=2, 48]

[VES(J)=vES(J-1)+THLTA (1,1 )*SIN(A) |
¥

[VEC(J)=VEC(J-1)+EHETA(I.M)*COS(A)|
[A=A+360%I8 /(K3%573]]

TVE=( ABS{VES(K8)*#*#2+ABS(VEC(K8))
HHD JHE O,

¥
[PPLI=PlLiI*(RWNIS(I)/N3)**2]

)
[1D=2.0%PPiiI+0.5+40.00C01]
| QI=N*DE**2#C(ID,I8)*S/8 ]

(WI(I,I8)=T*QI*TVE |

WRITE
HEADING OF I,18,RWNMS,

PPII,C,TVE,QI,WI

WRITE
I8,RWNMS,PPMI,C
TVE,QI,WI
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OERIEET) %%Bm%ﬁ A (WEDE B
[(15550eT et 8l =a el A= Kt o J A (WH) A 5 |

Jo = 1
/Jj—————-——,<bo 60 Jh=1, K5 |
‘ i
RWNMS (I )=RANM(I)/JL
@ [ 1
_ RWNMS(I).LT.N9
< OR
RWNMS(I).GT.N3
69

[CDRel_2J 3] m%z{s s ol A < (WP)EH |
[@&ﬁﬂsww1a%%wﬁ%ﬁmmmmﬂﬁ]
[BDRel_Jated %] SRR (SFTS) it |
[asur = aBS(SFTS(T,1]]]

bt

[AsuL = AJSESFTS(I.KB)M
[ASiP= A5S(SFTS(I,K11))|

I
———0 63 J= 2, K13 |

ASHT &« ABS(3FTS(I,J))

=
[ASuT = ABS(SFTS(I,J)) |

>

J9 1+ 1
£y

WRITE
HoADING OF I,J4,RWNMS,VE,
WH , AMP, ASMT , ASML, ASMP

—X

WRITE

1

Jl, RiNMS , WE , WH, WP , AP,
@? ASMT, ASHL, ASMP

(70 & 3= 3, Kb ]

ASHL 1 ABS(SFTS(I,J))

[ASML = ABS(SFT5(I,J))|

—_—

(&N )

(FUNCTION RESTMO(D))
I’

{ COLiION K, TINER, STIF]
[DIMENSION ETM, THETA |
hHETA(15 = T1,0]
BTM(l)I= 0.0]
D0 1 fi 2, K]
STM(I)=STM(Iﬂ1)+THETA(I-1)
*TINDER(I-1)

1
THETA(I)=THETA(I-1)~STM(I)

/STIF(I~1)"*D*D

®

RESMO=STM(K )+ THETA(K)
*DINDER(K)

RETURN
(END)
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(FUNCTION REGFA(X1,X2,Y2,Y1,Y2))
D = 0,01

K=(X15X2)/2.0]

ABS(X-X1).1E.D
AND
ABS(X-X2).LE.D

Flow Chari2} 83
{MAIN PROGRAM

(1) %4 HY

K: %iHE] W

TINER : % Figiel R

STIF @ 4% HaMuge] 2o Wi

THETA : & i, & H&M REhRE

RESTM : AFERIH oo i Residual mo-
ment

W o faiRgi ¥

RW : % i B4 fa#RB)#(vad/sec)

TM : % #ii Holzer tables] Jw?0

STM : % fii Holzer table®] X Jw%6

DM : % FTsifffghe]l BBHR

L4 FTaifidigel FEHRdhbe

RWNM : % fiiel 44544 ¥ (rpm)

RWNMS : & K#gol B3 #5054 [

VES, VEC: ##)ks W ue] sin, cosfisy

D REE Y BEzaow R W e 1

PM : % #fi Holzer tables] Jo?

DEA : % #ii Holzer tabledl goiA¢ #
LRES RIEE

WI : & fi, & KE &R A

ADM : Hysteresis #zalviz g 9%
REMR(@=DYI/L )

PIC : Hysteresis @&l VU= #HHEE AT &

- AATTRE

SFTS : & #i, % K& o3 @R HREIM
IMKES

C : Harmonic %

N5(D) : BARNEF

K3:4zy %

K4 : A #le] S+-sppmess] %

K5 : Harmonicf #2l &K ¥

K6 : 4 faig gl  $#st

AL B

N3 : #Be] EEURA %

DE:4zly HE

S:ox=E fTH

BHP : ##8f<] stigmAilh

CP: #hi ReGBEA

PMI : #8802 THEHESN

12: #8he] W%

DN : fmiRE &S 85

ASMT : == o] REHK S

ASML : frjjighe] HREBIHT IS

ASMP : pEAESRENS] IREOMS MIES

TIH S 2]

@ e

1) COMMONzs# DIMENSIONX& kR
g},
DIMENSIONZ #e] sl N6(DE iR

A= F3Eel Al SREIARIE Vector& & 7 KMEF
ub2t  BH30sks) 9j§ DIMENSIONC o & N5
(D FEENd = A0 BE DATA-
BARFE DA, HmER = 55l &
K= 838 Ak

2) ARDHE 2.08% 2.04
FUNTION RESTMO(D)ei] 4]
ment§ iR,

w5

Bt 7he

Residual mo-



12 REIAGTIRE B, 4% A01E, 1980

% i el 3205k Residual moment?]
Bk #ske) FUNTION REGFA(X1, X2,
Y1, Y2)i A Residual momentr| Qo] 1= 4
PREIEE okEket.

FHwl# 2 Residual momentsF Oc] = 4=
BIWE 2R A 45 I ot Sh A DY i
zhollap et DA A BB, NI A AR

3 £ #i, % Wl Bk GhiEgsT BN
o fPIE N Sl HIErshed Bl Il
Well g& £ ﬁ“?’ % WO fabE MR F
= WL RS FANERF et £, & sin
3 cosHio ® Sl 4% &k Vectorfy
O ORI 2 felE TR HINSEE K
RIS GBSk o SRR el B
Harmonic 4#E  Zrebul el vi=lF G100
gt

4) el v, 8] s 2] Al pkiel A,
Hidfli 8 WEE A X & nlﬁ“’]’o:} el =Ll A
WIS shan sz, PR, HEDE gt
o] ARmbEL G 8 SEAERE e

(FUNCTION RESTMO(D)>

MAIN PROGRAMol Al ol A1 i dli%
W(I3)= FUNCTION RESTMO(D)E 4]
sto] Residual momentZ 3 &xl.

{FUNTION REGFA(X1,

MAIN PROGRAMe Al FFol 7]
(I3-D ¥ W(I3)E FUNCTION RESTMO(D)

at pliJisked s

X2, Y1, Y2))

SR W

Residual moment 7+e] #F

/] #3235 w FUNCTION REGFA(XI, X2,
Y1, Y25 fEjIsHA ek

W(3-D& X1, W(I3)% X2, RESTMO (W
(I3-1D))= Y1, RESTMO(WI3)& Y22} st

X1+ X2¢] Vs
(X)& Yo st YIXYY
X1=X7} o ()dd=s X

— XDz (X—X2)¢] fH

AT |
ARG

(X—=XD# (X—X2)¢] (s
REGFA==X:t 45 o] X7 st

it

I KA R [ AR 1

Bl

B

IS I‘“] R TR A
Ched R 20/ S AR H
n‘l /”“"}‘ J—tﬂ’h

fifi 4 F&Im]'”{’ @il

71 BHER

Xzt &=k, RESTMO
grel ()9l
2=X71 Eeof (X
0.01e] 2 uwj7=

0.01¢] =«
o] ffig T

BHE 2 WEEAS

& Ofitel T

L.
=)

(1) EHM

e , e : A M I B M ‘ c M i D & E # J F
_nH e . ] | o B - o J B
Qe % 7 \ 6 l 6 ’ 6 { [ 6
4 4] 4% (mm) 680 1 760 | 680 B e 760
=) 2 EAFF(mm) 1250 1550 1250 750 l 1250 1550
S A T B 2 Crpm) 150 122 [ 150 230 | 137 122
kTR AL (bhp) 11550 12000 | 11400 3800 | 9000 14400
¥y AR EE S (kg/em®) 12.1 11. 66 ) 14.0 10. 39 12.06 14.0
Wk MOF Lo s 1=6-2-4=3-5 [6-1-5-3-4-2 |1-6-2-4-3-5 [1-6-2-4-3-5




FRIEM R 23 M=ol MR v &3 ERIAS BRz2ay R WY #iR

13

(2) 33 W (39 : mm)
T #h%
T A B B A C # D #m E # F #
omH T
ayarzse o 1300 1450 1300 800 1300 1450
=29 aApold B 540 600 540 340 540 600
g ad EE 540 600 540 340 540 600
(3) chilEh (¢ : mm)
o #r&
e A & ' B #|C # | D #|E # ’ F M
A e |
MR X E# 58601 51801 6540% 1 7250 X 4 55001 ‘ 37502
i e 420 ‘ 470 370 250 [ 440 l 480
(D g (ebe] : mm)
— 4
\ A #®|B #|C #|D M| E #|F #
HHE ‘
HE X 5855500 | 5285%515 7240)(456‘ 4820)(315} 5900X470 | 6730X600
(5) et
% B % A # B # C M D M E . | F
I
iz & (mm) 5150 5900 4850 | 3150 5200 | 6000
55 2 (mm) 3510 3900 2320 3685 f 4610
=3} ] J5a 0.6816 0. 7087 0. 7365 0.7087 |  0.7683
4 B W OB (m? 20. 8308 27. 3200 7.7931 21.2372 | 28.2744
OB HE B (m?) 13.7483 15. 4080 5. 0655 11. 6805 | 16. 2861
B WM K 0. 6599 0.5639 0. 6499 0. 5500 0.5670
BB K (md 12.5235 14. 0200 4. 5504 10. 5673
¥ % W OB i 0. 6012 0.5130 0. 5839 0.4988 |
x & H 0.1748 0.1745 0.1778 0.1769 |  0.1847
Bk BB K 0. 3814 0. 3169 0. 3769 0. 3099 0. 3270
KX RBE K 0. 0690 0. 0533 0.0571 0. 0615 0.0517
& pe I 10°01/ 17°01/ 9°54’ 10°02/
1 A % 4 4 4 4 4 4
7] 4y Mn-Bronze| Mn-Bronze| Mn-Bronze| Mn-Bronze| Mn-Bronze| Ni-Al-
Bronze
[T S I 14} Right-hand|Right-hand Right-hand [Right-hand [Right-hand |Right-hand
He #E # A k) 14710 18966. 4 3100 12850 16593
2o oE A ke 250 300 82 319 125
g R HEHE AN 196040 140226 15700 152800 250714
s 12 (kgecmesec?)




4 EEMPRWEER 85 B, 1980

7-2 isERCROI MBS GHER B
Afell & W BB AR b 2

CALCULATION FCR TORSZIONAL VIBRATION

MAIN ENGINE PARTICULARS

TYPE SULZ7ER T RND 68
NO.1 MOMENT JF INERTIA 15 COUNTER AND SHAFT
2 STROKE CYCLE,SINGLE ACTING CROSSHEAN TYPE
KEVERSIBLE NIFSEL ENGINE wlTH TURBOCHARGER

NUMBER OF CYL INDER 7

CYLINDER DIAMETER 68,000 Cm

STROKE 125.000 ™

MAX,. CONTINUOUS REVOLUTIONS 150 R.P .M.

MAX, CONTINUOUS OUT PUT 11550.000 B.H.P.

MAX, COMBUSTION PRESSURE 87.000 KG/CM2

MEAN EFFECTIVE PRESSURE 12.100 KG/CM2

FIRING ORDER (AHEAD) 1a7-2-5-4=3-6
NO MOMENT OF INERTIA STIFFNFSS DIAMETER OF SHAFT LENGTH OF SHAFT
(KG=CM=SEC2) (KG=CM/RAD) (CM) M)
1 0.7010000F 03 0.8058016F 10 0.5400000E 02 0.1025000E 03
2 0.2567500F 0% 0.6060605E 10 0.5400000F 02 0.1300000E 03
3 0.2567500E 05 0.6060605E 10 0.540C000F 02 0.1300000F 03
4 0.2651300E 05 0.4029009E 10 0.5400000F 02 0.2050000F 03
5 0.2651300F 05 0.6060605E 10 0.5400000F 02 0.1300000F 03
6 0.,2567500E 05 0.6060605E 10 0.5400000E 02 0.1300000F 03
7 0.2567500E 05 0.6060605E 10 0.5400000E 02 0.1300000E 03
8 0+2651300E 05 0.3573981E 10 0.5400000E 02 0.2440000E 03
9 0.2194700E 0% 0.1412429E 11 0.5400000F 02 0.6000000E 02
10 0.1332000E 04 0.4497615E 09 0.4200000E 02 0.5860000E 03
11 0.2866000E 04 0.1008980€ 10 0.5000000F 02 0.5855000E 03
12 0.2465840F 06
NATHRAL FREQUENCY
NATURAL FREQUENCY 1 NONE= 48,435-1 T.72H.  462.72MIN=1
NATURAL FREQUENCY 2 NODE= 186,735-1 29.72HL 1783,1CMIN=1
NATURAL FRERUENCY 3 NODE= 351.795-1 55.99HZ 3359.33MIN-1
NATURAL FREQUENCY 4 WNODE= 501,265=-1 79.78HL 4786,A4MIN=1
NATURAL FREQUENCY 5 NODE= 607.025-1 96.61HZ 5796.63MIN=-1
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