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Abstract.

A Hydrodynamic Method of Damping the Vibrations of a Ship.
By Katsutada Sezawa, Kogakuhakusi, Member, and Wataru Watanabe.

The authors suggest a hydrodynamic method for damping the vibration of a ship.
Submerged blades of moderate elastic resistance and inertia mass that are fitted to a
ship’s hull, are possible to fairly damp the vibrations of that ship for any frequency of
the forced vibration, particularly in certain speed range of the ship. The nature of
the problem is ascertained mathematically and confirmed through model experiments.
It is shown, in some example, that the maximum amplitude of the ship (among
different vibrational frequencies) with a damper, is merely 1/9 that of the case of no
damper. The applicability of the result of the investigation to the actual case is also
discussed.

The details of the problem as well as its theoretical and experimental treatments
are slown in the Appendix towards the end of the paper.
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Appendix, The Details of the Problem of
A Hydrodynamic Method of Damping the Vibrations of a Ship.

1. Introduction.

In the previous paper® we studied the probable causes of the natural damping
of the vibrations of a ship, the conclusion at which we arrived being such that
although the generation of the surface waves as well as the effective structural
damping are likely to participate greatly in the natural damping of the same vib-
rations,' 1t is still impossible for these causes to minimize the ship's vibration to
any satisfactory extent.

In the present paper we shall give a suggestion to a hydrodynamic method of
minimizing the vibration. The damper to be used is of such blade type as im-
mersed in water like Motora’s stabilizer® but connected elastically to the ship’s hull
Since the surface of the blade is to be parallel to the ship’s length, the additional
resistance of the ship is very small. The mass of the blade, nevertheless, is not too
small for the reason that the same blade acts as a dynamic damper like Inglis’s
case.®
In the present method there is no damping resistance imposed between the damper
‘mass and the ship’s structure but the vibration of the same mass is subjecled to a

high resisting force due to the dynamic action of the water, which results from

the oscillatory motion of the damper mass relative to the ship’s movement.

2. General Arrangements and Preliminary Experiments.

As a simplest model of a ship in vibration we took a free-free beam of nearly

1) K. Sezawa and W. Watanabe, *“Damping Forces in Vibrations of a Ship,” Journ. Soc. Nav
Arch., Japan, 59 (1936), 99-120. .

& 8. Motora, Journ. Soc. Nav. Arch., Japan, 32 (1923), 75-84; 36 (1925), 109-117.

@ C. E. Inglis, T.I N. 4., 75 (1933), 252-257. : :
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winiform cross section and length 20 =162'4 cm, the concentrated masses M;=647-5 gr,
M,=760 gr, M.=760gr being placed at three points in the beam, namely at its
middle point as well as at
its both free ends. Even
should the masses be con-
centrated at such special
points, the vibrational nature
of the problem would not
much differ from that of,
the actual condition. From
the vibration experiment of
a cantilever beam with the
formula M.Ip*|EI=3 to-
gether, the stiffness of the
beam FKEI was found to be
3-99.10" C. G. S.

The effective mass of
the blade damper was m=
1354 ¢r, the ratio of m/(M,
+ M.+ M.) being thus about
1/15.

Since it was a difficult

matter for us to use an ex-
perimental  tank, a wind
tunnel™® of 30 cm air nozzle

was temporarily availed of Y

in our case, the tunnel Fig. 2.
under consideration and the model being shown in Fig. 2. The restitutive and damp-

ing forces on the damper at the fluid speed v are generally

c=¢Co a—C‘“(L‘/i'vz,(l)
otk 2
QOLPAL

H = o 2 2 ()

4 A wind tunnel in the Aeronautical Research Institute, Tokyo Imperial University. We used
the iunnel for the present experiments in the hope that a similar kind of experiments for devising
the vibration damper of a fuselage would be made forthwith in the same tunnel.
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respectively, where ¢, p, are the restitutive force (due to spring) and damping force
at zero speed; p, 4, L are fluid density, blade area, and length between the blade
spring (in our case) and its hinge. C.f pA[2)v?, which is the effective transverse force
on the blade end at the displacement £, was observed in non-vibrational state, with

the final result that
| | 9, pA

PA _ 0-00556 or. mass (6311 A 3
in the case of air stream, v being taken in cm/sec. Since L was 32 cm, (2) and (3)
gave
: p=po+0178 v gr. mass.secfem®; .. ..................(4)
together with
¢=98.10"+0'00556 v gr. massfem®. ................(5)
On the other hand, the free vibration test of the damper only, using the
formula _
R 2
E=Ae 2”L"tcos< —c«—(fi) t+a>, Y (¢
m 2m

gave rise to the result shown in Table I, from which we obtained /2 n=0"289
(C. G. 8.) and togcther with (4) we got m=135'4gr, the value of x thus being, for
example, u=81'0 (C. G.S.) for v=0, and p=516 (C.G.8S.) for v=2450 cm/s.

Table 1.
v (m/s) } 0 50 100 15 199 245
plzm | 0289 0740 1082 | 1175 1803 1904

8. Forced Vibration Ezperiments and their Results.

A moving coil C affixed to the middle point of the beam was faced to an
electromagnet G on the room flcor. While a direct current of 100 volt and 03
amp. was transmitted through the coil in the magnet G, alternating currents of
various cycles ranging from 1/sec to 10/sec that were generated from a specially
designed motor generator, were made to pass through the moving coil C, the voltege
(10 volts) and amperes (0°25 amp.) of the alternating currents being kept almost
constant. The reason why we put the moving coil at the middle point of the beam
is such that in the case of a given exciting force the appropriate position of the
same force is the loop of the vibrational mode of the beam.

We conducted two series of experimeniling cases, that is, the series in which

the damper is fixed to the main beam and the series in which the damper is free
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to oscillate relative to the main beam, the whole cases being shown in Table II.
(the chord of the damper being taken as length dimension in Reynolds’s number).

Table II. Reynolds’s number R (and air velocity v m/s).

Damper 'conditioh’ " Case 1 2 3 4 5
R/10*= 0 474 998 154 233
Fixed to the beam | A . S—
v (m/s)= 0 475 - 100 155 234
R/10¢= 0 ‘8 998 — 24-
Oscillate relative to B / 481 e
the beam
v (m/s)= 0 482 100 — : 245

In the case of forced vibrations, the displacements of the middle point of the
beam, hal‘,ﬁely» the poihf at which the exciting force -was applied, were recorded with-
out magniﬁéation (in the original records) on smoked papers of a drum. The data
recorded on the smoked papers were generally of the type shown in Figs. 3, 4, 5,
6 which exactly correspond to Cases Al, A5, Bl1, B5 respectively, N being the vib-
rational frequency per sec of the exciting force: (As will be shown later, Case Al
is an almost undamped condition and Case B5 an extremely damped condition.)

All the amplitudes in every case were read off from records of the type shown
in Figs. 3-6 and plotted in Figs. 7, 8, which, in the nature of things, represent
the resorance curves. In these figures Cases Al, Bl were specially indicated by
thick broken lines and Cases A5, B5 by thick full hnes, whereas Cases A2, A3, A4,
B2, B3 were shown by thin full hnes

Since in Cases A’s the damper is in a fixed condition, there is only one peak
in every resonance curve. In Cases B’s on the other hand, owing to the possible
relative movement of the damper, two peaks exist in the respective resonance curves.
As to the resonance conditions of higher frequencies, the problem lies outside the
scope of our experiments.

- Tt will be seen that when the damper is in a fixed condition and the wind
velocity is not too high, the peaks in the resonance conditions are generally pro-
rounced. Even should the damper be in a fixed condition, the vibration amplitudes
of the beam would diminish to a certain extent with increase in fluid speed ; the
maximum amplitude in the c¢ondition A5, namely R=23-3.10" (v=23'4m/s) was
about 1/4 that of the condition A1, namely R=0 (v=0); see Fig. 7.

In the active condition of the damper, that is, the condition that the damper

was subjected to its spring and hydrodynamic forces and rendered vibratory, the
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Fig. 3. Case Al. Damper in a Fixed Condition ; v=0. (Scale contraction=1/3)

Fig. 4. Case A5. Damper in a Fixed Condition; v=234m/s. (Scale contraction=1/3)
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Fig. 5. Case B1. Damper in an Active Condition; v=0. (Scale contraction=1'3)
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Fig. 6. Case B5. Damper in an Active Condition ; v+=24'5m/s. (Scale contraction=1/3)
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vibration amplitudes never exceeded a certain critic-
al. It appears that in the best condition of the
damper the ordinates of both the peaks under
consideration are of nearly equal heights. In Case
B5, namely R=24-410" (v=24'5m/s), the ampli-
tudes of both resonance conditions were 1/2 cm,
which was merely 1/6 that of Case Bl or even
1/9 that of Case Al; sec Fig. 8. It will also be

seen that notwithstanding that every condition

|
l
|
B
|
|

(v=0 m/s)

R=474.10" |

=475 M/S) 4

R=g98. 0t |

=00 ms) |

R=155.10" |

(V=155 m/S) _—H

excepting the one corresponding to the relative

movement of the  damper, was the same for B5

— B

and A5, the maximum amplitude in Case B5 was 2}
only 1/3 that in Case AS5.

It seems that such an efficient condition of

R=2-33.10°
A (¥=23-4 m/S)
: :
L / -
3 T < X \
S X o
o R=0 M .
g U&ﬂLﬂLQ%///(=| /
S R=4-81.10 | - 74
(v=t82.m/5) || 7
R=9-98.10* ‘ , | ,
Cer (¥=10-0_M/S) | 2 3 4 5
R=2-4%. | — /sec
(V=245 M/3) Fig. 7. Resonance Curves in .
Cases A. Experimental.
the damper as in Case B5 is possible
/- to exist provided the natural period of
the damper alone is nearly equal to
that of the beam and also the hydro-
dynamic damping force assumes a mod-
erate value. Although no vibration
' experiment was made for a case of any
2 3 4 S

higher speed, it appears improbable to

expect a much more damped condition
Fig. 8. Resonance Curves in Cases B.

Experimental. of the beam even at such a higher
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speed. One of the specialities of the damper of the present type lies in the condi-
tion that the vibration amplitudes of the beam never exceed a certain extent for any
vibrational frequency including the resonance conditions. Thus, in Case B5 the ratio
of the maximum amplitude (under resonance) to the minimum amplitude (in non-
resonance condition) is less than 4. 4

Although the state of the second or higher resonance may be another problem
to be discussed, since other kinds of resistances,” say, structural damping, wave-
making resistance, water viscosity, and etc., then take the large part in the vibration

damping, there is no need for further comment.

&  Mathematical Theory.

Let the length of the beam, namely the ship, be 2! and take the origin of z at
its middle point. If the mass of the beam be concentrated at certain points, the

equations of the deflectional vibration of that beam assumes the form

. 34?//911'4:0,...(6)
the solution of which is

Yy=A+Bz+Cx’+Dze™ ... . ... .....(7)

The boundary conditions are such that

K & d"

2=l ; 5;"{:0, _EzgngMgﬁ{:o, e (8), 9)
v=0; = %{y+§):0,........(10), (11)
3 2, .
2E1-§%+Mli—g—cf—y§f(y+5):Fe"", e (12)

where M,, M,, M; are concentrated masses at the middle point and ends of the beam,
E1T being the stiffness of the same beam, whereas m, ¢, 4, £ are mass, stiffness, damp-
ing resistance, and the deflection (relative to the beam) of the damper. Fe™ is the
periodic exciting force at the middle point of the beam.

Substituting (7) in (8)~(12) and taking real parts, we finally get

y= V/)[(' P cos(pf-}-t&n 1%—‘(&11"%), e (13)
) |
E= F]/F1TF2 cos pt—{—tan ‘%—tan“iy;\, .- (19)

) K. Sezawa and W. Watanabe, loc. cit. ),

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

Fig. 10. Resonance Curves in Cases B.
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Fig. 9. Resonance Curves in Cases A Mathematical. Thick lines represent

Mathematical. (yl/|F| and thin lines |E|/F].
where

X=P+ Q'+ R, } (15)
Y=P,+Q2+ R’ |

[y= —6EI(M, + 2M) mp* + 23, MymI’p®

+ {6 EI(M,+ 2 M-+ m)p* — 2(My 4 m) Mul*p'} c, l (16)
TDo=pu{—6EI(M;+2M:)p* + 2 M, M;l°p’ R
+(6E - 2M,0°p*) ¢}, }

Py=(mp*—o)6ET-2M.1%p"), Po=pu(6EI—-2M:lp"),

Qu=3M.p’ l(mp*~c), Q.=3puMpi, )

Bi=—Mp(mp*—c), R.=—puM.p’, (
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Si=—mp*6EI-2MI"p*), Si=—pp(6EI—-2M.I%p’), )
the exciting force being '
Feospt...........coiiiiiiiiii....(18)

Using the equations just obtained for such special cases as correspond to Al,
A5, Bl, B5 in the experiments whose numerical data were given in Section 2, we
obtained the resonance curves as shown in Figs. 9, 10. |y|/IF| (in cm/dyne), namely
the maximum amplitude of the beam per unit exciting force, for Cases Al, A5, are
shown by full and broken lines respectively in Fig. 9, whereas |y|/|F| and |&|/|F| (in
cm/dyne) in Case Bl as well as Case B5 are shown by thick and thin full lines as
well as thick and thin broken lines respectively in Fig. 10.

Comparing the thick full line in Fig. 10 with that in Fig. 8, it will be seen
that both the results, mathematical and experimental, fairly agree in every vibra-
tional frequency. In Cases Al and BI, in which the vibrations are not well damped,
the:amplitudes obtained mathematically are enormously large. Since there are some:
damping resistances still in the models arising from other causes, perfect agreement
would be rather unreasonable.

Finally, it appears from Fig. 10 that the amplitudes of the damper itself are
not too large even in its active condition, its application to the actual case being

therefore rather possible.

5. Application of the Mathematical and Ezperimental Results to a
Full-scale Ship ; and Concluding Remarks.

It is obvious that any mathematical result should apply to an actual case
provided the values of all the numerical constants for both sides are the same.
The question may arise as to whether or not the results of model experiments may
be used in an actual case. A well established law of similitude would eliminate
any difficulty in the problem.

From the mathematical discussion already shown and also from the hydro-
dynamical condition, the parameters for defining the results are such that

O 8E, ) Jo @ TR, @) L 0 B,
R being the Reynolds’s number, shall be the same for the model and the full-scale
ship. The condition in (i) is, at all events, satisfied if we discuss the problem with
reference to the resonance condition. Although we obtained the ratio of 'm/ZM as

1/15 in the present case, the ratio under consideration would be much more reduced
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were other conditions changed suitably. Regarding to the condition (iii), oE[/MI*
(e« being a number) should be nearly equal to ¢/m, namely, the vibrational period
of the damper and that of the ship are nearly equal. It would also be rendered
possible to get the condition (ivj, namely that wp/c is of an assigned value, provided
the area of the damper were properly selected. The treatment of the problem in
obedience to (v) the Reynolds’s number, is somewhat difficult. Since in model ex-
periments the Reynolds’s number is liable to be rather too small, there may remain
some doubt on the immediate application of such results of the model experiments
as ours to the actual case. In the vibration problem, nevertheless, the important
part is 9C;[/0f, which may readily be adjusted by merely changing the stream line
form of the damper; the Reynolds’s number-itself has no place in any important part
of the problem. |

The word “a free-free beam ” or simply “a beam” used in experimental as
well as mathematical parts should now be meant by a ship floating on water in an
idealized sense. While, furthermore, we studied such a particular case that a blade
damper is placed at a certain level above the beam, the damper which might be
actually designed, on the other hand, should be directed downwards or obliquely into

the water like Motora’s stabilizer.

In the present experiments, for convenience, we used a 30cm wind tunnel in
the Aeronautical Research Institute. We have, nevertheless, the intention to extend
the present investigation to dampening of the vibration of an aeroplane fuselage
whose vibrational nature resembles that of the ship in some way. o

In conclusion we wish to express our thanks to Professor Hiraga for his en-

couragement and also to the Council of Kond6é Memorial Marine Foundation for

aid received for the present investigation.

August 15, 1937.
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RLUTKREL ADFHETED D ¥ Ao |

OHNOFHST weight SHEELIOTEAVWTT % XEDbO s #TICHT 2 #EHIAHT B
ATREWTT Do

OWKERMER  HOWPLHHDMD resistance FIINL . LOERE ¥ L0 2 B0 B sk 2tk
SHeh A BETF. KNASBRIKECABLED 2T, B b damper DRBIEO 7 & ICIEHHIET &
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OHOFHE BoBERES ) THAD, BEXX B #BIFCEL{R2EBHKL L L WOT
T 4% ,

OMEZEMER  mass 418 < TRIRSDTFo i rudder % bilge keel, horizontal rudder 4
75 apply Hi3 A & L\ e Bt §, forced oscillation ZsMiLdIRENEMICE LT H/)ha < damp
20T o MOIRENE irregular D 5 CHENTH S h bAN T AN, engine HrbiED bDOTT
b, FAARIK irregular THAWTYE H, F0OX 5 AHAORETIE mass S/hS THHRMC R D
%, anti-rolling tank, Inglis ¢> vibration damper D334 bRHEETT, X, E£ 50 damping
@ﬁ;%{@:j{é Ch b ETH. RFEOBRS rudder &£ 7% hydrodynamic damping force ASEMRK
E AN ET,

OFEEHER M bBAIND DT o

OETRMEE Z3iks LTRo% b0 T, MBHEHORETLOR bOTTH bRITHED
HE b extend LThLWTH 5, IBECIIER LTI WTE 345, BeRFIAR,RS LED
7o ,

OMIUKFE #¥EL damper & connection ZIRSHE B OTH DATHLFETHE £
T

OkZERMEE 213 damper OYHR% pivot LT, DK helical spring T HfJ 7z LMHET
By, BMATLE X ADEIC shaft ¥ B 2 W T independent i L7256 L \WTH S,
OBR(FE HE) iAot LRLENLRET 5L mass 45 negligible T O
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THHETEHEVWERO LTI

OIFBEWE ALLoETHI T, MOIZRMBTALTSE S TH 3, TiE damper 213
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O mass L LTI TEAL, BBOBEr 4 &5 08 hB~T damper DT cargo %:%{r&v:f%
FTRIEALDTE 5, SOAOEATRY BUYIYiENbow LT, damper ¥ 5 (L ¥ 2HIc L
b IwnwEBoEd, fic LT bHROWFIEMCET 200 E ¥ 50 E~RIEFTHOTE
SR STOMZE O D TRV % ¥4,

OHARHEER <o dumper 25 X Y BREHCHNLD DTT h

OWFFERMES =5 T7o £hik damper 23% HRAETIE damper d#HNA A TFo LhL
BEL DB S< 32 T0RE TS, 3B LN E 725, ZRRMEEOR EBOWRIFBCILL
T 2~3 fEL VWAEKTT,

OHNBHE Kb oo L b, FBEIT 5 LTI T 5 resistance 35k ¢ &
LDTED Y THAD .

OFEGHR FOHITD resistance [IHLZEED resistance DIJNL % H engine o B o3
LBDTRBEBTT o ZIETHEDI CEBOME THBE ISR THE B 58Il Tohei vk
BEFLICAED 2T

OFR(FE #EB) damper i IO THNICH 5 L ¢ vibration 93 T3 & ZABEE AW TYE

5 i”o .

OFERHE 713 BMBHRSRSERAIRETEUT 3 THIXEEME L LtRlicktkt -
T

OFRK(FH EE) #He4riwowzobbTd dumper HHic b L vibration 23 TR

T A D0 '

OlFxERHE Fig. 8 ¥ #HE T 2, resonance [T Hk 2 DIE, abscissa » 4~5 fFOET Fig. 7
DOEL ADOTHDESRKNWTHEY 27, damper ¥ [fid 2B icHizeic vibiation ¥ 2 Vh L RS
FEic¥ LTIk Fig. 8 o abscissa 4 & 6 oo ordinates 234 L{EL ADTH 3, 2RI A
Wik Fig. 7 OMEEL ADTHDE (vesonance TH W) THhO TR TEM L LTH LA
Lo, DF b 4, 6 OEENM A D damper DA WEED 24ED vibration KADOTEHE T, L
B Lz R EBEREE & LT negligible (Fig. 7 o peak ichil) THEV2To AW 2 vibration DfF
BlicRh T, #FEigd Fig. 8 0BRU LCRALAVETHRLTEE 2T, X0 AMETIZRH]
REIF CHES IS LHCIRE I Y L < damp 212 b D TT (ZIRAOHOBF D bEAR,
OHNOEHE RAWTIMUEST575T2L75 ., 5/ —kiT. TARRKCRAZD 224
Do

OWRERER RGO~ 5,4~ TOIRSRNILORKITHBIRDOS 4D 7 5 77 4 theoretical
C L ERBRMC ADBRRABETELICR TRV TT 4, B torsion X3 TA bending b3
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2 b DT 5 vibration $SKELCE D 2T LOLASOFIREE Y 7 » 7 —OREL 12  BHR
DEVWIDTHHC LEHEEBLE T, X, BECAVCTETTN7 7 v § —ORFHEHECHRT D
BxOfEEr (ALK TI2HEGERLE T

ORIURFE EBAKETKPREMNTLEZTRCOPEY NI I LET, BFOEDT 5
S ABHHOEELESH LN T EAN, yield THEAEF I LT,

OMKERMES FUSER LT LD 24, HERDOBHISSKEMD LR U bRBE LW
DTTo FDFF damper DEEPLHENISHE TATIEAD TH4o Bb (HBABANCERDD
LB A I OTH L EBRLET,

OEBHERE LEOMRILIADHENCEDORETTI, FEO pivet DB L b L Wi R
ZET L2205, #6% vibrate X4 TH D spring force ¥ & IcFEOTHR T, 2 degree of freedom
dynamieal vibration absorber & LT absorb 24 DT 3543, ZHTlE spring foree s A \n~D
TR D FEADo

OWKBETHEER  Ziuix pivot ZE i pivot TH b, (FRCEENSECETT, pivot 6k
* TOEBE—BU LOLERD Y £7,

OFEHEAEERE  rudder |I flexural vibration 23 X2 Y TAH L, BHEREND 2 TFTT 2
OHEBEWR 25T+, LOBRBRTRER LYT ¥ AFSMENICE B8 b linear bk b
2307, BEBcElodEd LTEROEHENOR I CLTH Y 7, HlHRSRICHT 28 THY
%o

OER(FHE HEB) ScMELEEVEEAh. FEWEEAT L bKE EEREORRS
paper [C ik 1 LT\ BT T, EEILEORIEHORERAY £ T 5F VT, $OIM
B AR 2 IRB F MR A & T 2B ERAE CEERRICEA S DL, IRENS LB L TICHRIC
LTHLVWERTH D 2T, BACHOTRFLVWEROERTRF~HETH b 2345, HREEL
FLTHATERAELEADEACD, £FMLE LAEY ., /a4 mass TAFWEETIEZT A Y E
HTHOIMELBEN T, WEBAHERE > DERERLCRMILE LT, BECEFEO LHARE
Bk nd Bt T, oD THRR paper OHBERCH L TEERL AT EUTRHORE
ELenWE BT, (—FHEF

NI | -El ectronic Library Service



