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On a Spectrum Analyser for Ship’s Oscillations
Rihei KAWASHIMA

Abstract

According to the several papers concerning studies of ship’s oscillations in
a seaway, their frequency domains are in the range from 0.03¢/s to 1.00¢/s.
In order to analyse these low frequency phenomena, a wave analyser, analog type,
was designed and tested.

This instrument consists of 4 parts, viz: a function generator, computer,
servo system and recorder. An overall view of the instrument and a diagram
illustrating its principle are shown in Photo. 1 and Fig. 1, respectively.

As to the diagram of Fig. 1, the film on which the ship’s oscillations to be
analysed are recorded is placed on a variable speed rotating wheel whose surface
is plated with chrome for reflecting the light and made periodically by repetition.
Thus, the ship’s oscillations which are converted to electrical signals are rege-
nerated by the photoelectrical system. Those signals are put into the filter
cireuit, then rectified, amplifired and applied in the recorder which is controlled
by the servo system. Changing the speed of rotation of the rotating wheel to
slow down from maximum speed under frictional forces, which has the same
effect as using the filter continuously in the above noted frequency range, one
obtains a continuous spectrum of the ship’s oscillations.

In this instrument, the specified items are as follow :

(1) Diameter of the rotating wheel : 54.0cm

(2) Maximum speed of the rotating wheel: 3860.0 RPM

(8) Wave length able to be analyses: From 0.1cem to 3.0cm on the film
(4) Value of tuned circuit: 312¢/s, Q=32

(5) Timed needed for analyses: About 18 minutes

(6) Errors: Below 13%

The author calculated test examples by means of this instrument. They are
shown in Figs. 8, 9, 10 and 11.
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mechanical wave analyser <, HA#ERFRAT @()ﬁﬁjﬁﬁ)’ﬁ&tﬁ]—djﬂki 57 u BB
&*I“Lto OO LT Photo. 1 ITREH, FOABEER Fig. 1 ZRih5, FEE
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Function generator

g Film beiggalysedb Light f Computer circuit
e N~ i ource
2 (@)% (@) sourcetor
§ " P servo signals
%2 E 3 Amplitier — Filter — Rectifier
0). o e
golw : :P otocell ivi
0w 3= Photocell recelving
££ P S pen,_refiecting light Pen galver
Cyllndrical uC—;
Rotating wheel lens  Light source for line light
whose speed gradually
decreases servo || Servo
» amplifier motor
Servo system .~ - "Recoder

Fig. 1. Diagram illustrating the principles of the ahalyser

Funection generator, Film being analysed, Light sbiu'ce, Photocell receiving
the servo signals, Photocell receiving reflected light, Rotating wheel whose
speed gradually decrease, Cylindrical lens, Light source for line light, Com-
puter circuit, Amplifier, Filter, Rectifier, Pen galver, Recorder, Servo system,
Servo motor, Servo amplifier

(1) EHRROY—FKEEORE o
BN B 720I2, BENC & - TE SN BRI UL T DEAFIZE- T 35mm 7 4 L AD IZE
L) YEBIERTS, tOHEE LTRKO OO FER EECEE L,

— 268 —



1962] NE: BOBREORRT |5 ARz ONT

Photo. 1. View of the entire instrument

1. Control panel 2. Function generator 8. Tuned amplifier detecter
4. Servo amplifier 5. Recorder 6. Power supply 7. Battery supply

a) B L) YLV rr I 7RECEE, WROFNERL T, ZOHERARNDE 10
mm & L, Ef#zovwTiE, 3y 7 vy S ORERBRORENSEO 7 + A9 —DEIC X Vg
%, Zh¥ 3Bmm 7 4 LADLEZHbYTHT I ATHZERT %,

b) Photo. 2 (Z/RT R L AV DT BICERICHEN D EERNTH 7 + L a8 558 HH
T 5, DB EOFEEORNROEMENE 5:1 OLT7 4 Lo RIZEHEINS,

Photo. 2. Apparatus for making the
film for analysis from observed data

1. Source of line light
Motor and gear
Observed record
Film magazine
Film to be analysed
Stylus

SN
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Fig. 2. Diagram of the mechanical part of the function and signal generator
‘1. Chrome plating, 2. Rotating wheel, 3. Photoelectrical pick up,
4. Bracket, 5. Motor to drive the rotating wheel, 7. Micro swich
for driving motor, 8. Bracket for the rotating wheel, 10. Motor
driving lever, 11. Plugs, 12. Lamp for the servo signal, 13. Photo-
cell for the servo signal
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wEdET %, BEROET, FEFS20BECL 2, -0, ZORUEBIZL > TEEF 720
EE 23T 2, Z07dIioYd — B E fiv7ze Zhid, Photo. 3 IR TR, [l F T 40T 40
EOFEHT, RBRIZL - THERY A XDOEEE L TREHET %,

Photo. 8. Mechanical part of the function
generator

Rotating wheel

Strobo image for speed counter

Photoelectric pick-up

Photoelectric pick-up

sagmk

Bl ED#EAETIE, Photo. 4 ORBHSOBBIEY 2 5y, ThEMINL<TI 702l 9 FiT
&> TR B EE L F 5 25587 5, 0¥ 7 LA0HMEIZ, JIE 50e/s {3
Z b o st 20RPM 4512, 360RPM A5 20RPM % C/ebh T CHENEZFRRT S, [k
54D Fig. 4 ITRENh B,

Photo. 4. Rotating wheel

Rotating wheel

Driving motor

Lever for driving motor
Photoelectrie pick-up

Light source for servo signal

pap

(2) mesER
HBRIZE » TERNEBCER S W ACEE Xi=rf0) &, BRI THRLEEK /L OCR 7 1
F—EBIAY, 7~ Eas Bl Eh, BCBEEARE S TERINYEEZ Ly Yo
AD, HEDEIFEORE LR TEM 27 FLAELND, ZOBET, 7 L7 —DOHE
RO OISR & Bk ORbR, S22 LRV A0RER E OBRIIFEEOREEICERT
%o SDE/IZOWT Chang S. S. L., Whiteley T. B. 242 L - THRELN T\ D,
ZDOBFEITOWTIL, fo=3812¢/s, Q=82 D7 ()L ¥ —$kr Fig. 5 \ZRT,
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gL \}D - i.&a
Fig. 8. Diagram of the recorder system
1. Balancing motor, geared down to 60:1 ratio 2. Gear,50:1 ratio

3. Oil damper for pen galver 4. Variable resistance, 3kQ 5. Timer
6. Pen galver 7. Motor bracket 8. Recording drum 9. Steel case -

200

RPM

1007

O | 2 3 48 6 7 89 10 il 1213 (4161617 (819

Minutes

Fig. 4. Speed versus time for the rotating wheel
M, ZOBEEOBERIZOWCL, B £ 27 - ) 2B TEbT e RATEL BN D,
R ‘
FH=3 {ancos—zml' +t+ by, - sin 2zn_ t}
n=1 T

T

_2(” 2zn 2 (" . 2nn
BL au= Tgof(t)cos T - t, by= TSof(t)sm 7t (14)

[0<t<T]
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0/e80 40 20 o 20 40 60 ch
Size/s
Fig. 5. Frequency characteristic of CR tuned circuit

/3 oty = a*, + bzn (15)

prcE, o WHEEE ony= 0D pe 0y =20 ompmamc s en

% ft) DEZFAE—ITHNT D, ZOBECEV TR et +b%, B LTy EELy Y
HIZE S TEROH LT,

(8) ZR~_7 7 LDITE
RYBEF I OICE T, HEFTLO8EN, Y HIC Xi=Ffi{) O7— ) 2Ry XIE 2HO
WENC L BT~ U TESR, ¥ L0EEHA, XEC AR I od e LTRFA7 (L4 k
DEX (BIE) ¥ & %, M7 4755 360RPM 2 5H8E LT 20 RPM iZ/e 2z, T8N T AR
X 1mm 75 30mm OEEEELOO—EET 5, ZOMICR P oRERC L SEESERCRE >
TR L~ —2 2 > THET S E, Fig. TiCd-T X MBESh,

Photo. 5. Recorder

1. Pen galver 2. Balancing motor
8. Recording drum 4. Timer 5. Plugs

Calibration
YRR 2R OBIE DR Random Oscillation D4, G. Neuman, W. J. Pierson T & HHH5R
> TRIUDERENER TH DL EX DI LHHRD, Lo TR ONTD, BITHR
BRORESE, BH7 (VADRE, 7 (05— fo i, HE 7 AOEREEC & o THE 20
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TZOHH 1mm 75 30 mm (T DOWTHBE I BEREORE A7 ¢ La2EY, HELTARY
oAbk X, Y mhoB®mEREE L,

a) N7 1 LADOLEDOEORES 8Smm 25 28mm T, BX 4mm 2, TOERE 2mm O
ERE LTRIFHT « VaRlEY, REBEL—TL LTRDIRR 5 4% Fig. 6-a 07T,
I, EFEEFREHEEE LCES Imm 2 1 s ese, LEOEMKIRLELISH
5 APRERRCE o7 AR 28 BosiciEN T 2,

Fig. 6-a X, ZOBFBOREEKSEMEY RTIOT, TOEETIIEEHARBALESRNZ
EERRLTD, 2O EhD, EREOHEREY—EL LTEORBEEZHEDART V7 4%
RO Y MOHBRBHILHiTED, Bib, BOES 20mm OEHREOEES, &4 0.5mm,
1.0mm, 1.5mm, 2.0mm, & L75ED AR + 5 L LEBE & OBHY kT Fig. 6-b 12577,

Spectrum
30]
28mm 24mm 20mm 6 mm 12mm 8mm
20
10
00000 © o o o ) o o
3388 Y 9 @ RPM [ B Q 2

Fig. 6-a. Frequency characteristic of the analyser

50

|40

o T T T J
20v 3.0v 40v S0v

Fig. 6-b. Standard sine wave amplitude versus the voltage
of battery supply for lamp ;

b) RR7FTAD X EuE, BEBSUIEEITH 5 ORNEOREL, BITAT (LA
DENES L LTELEND, 74 L a04&E, HiE NS 20MREERH, 7 L7 ~PLFBRK
DAEDEI A & BEHT AT 575 3% 0 UL B S RGO R X ORBAM E 52, ZOHAL LES
NTWBEZ, 1mm M5 30mm OHEDOEIOHFTH D, H-T, FOES 4mm »H 2mm
4312 28mm FTD 18 HOEHRKIZOWT, RIE 1mm & LTEEOREERL 7 1 V& LIZEB

— T4



1962] NE: BOBROR T 5 AEKEIZSWT

LTRARZ Y S 22RDB L, FEFKBIIHIET S 13 BOBK L2 A7 P LAESRD, Zh
% Fig. TIZRT. RX7 P74 EOEEEYFZ 40 20RPM S0 LT 13 HOKE & L,
BWORSDER LD, TOEOES, 1mm ¥ 1 BicExe sk, BECKIL, F4HMS
28 BETCELEKRT 5. ‘

9000 0 Q 6 © 6900 o i - - ! > v

©Q O 0 © 09290 o [ -] -] -] )

O¢tNO ©© 0 o [+

mopRNA Y o9 9 2 2% &8 ¢ ® © ®© - &
RPM

Fig. 7. Revolutions per minute versus frequency (Length of waves)

4 HIC X DEORENICDOLTDORN
BREEOTOBROBEASEC OV TOMEICEH LT, ERAMOTTRERLERL, B
BROBERARE L TART + 5 4BH 21T 72, Fig. 813, ZTOERICKT 5EEROHS, %
EHROBOBENADEREO—EYTh b, ZOLFENS, SHi(1)a OFETT + LAaEEY,
ZOBFHTRDIARY b T Fig, 9 ZRT, HL, ¥EiZ, lem ¥ 1mm 2, HEFRROH

AL LEE lmm 2L, 2mm & L B2 LT 4 ba LEER L

wiz, ARC, Fig. 8 10oWT L BOMBCRELHANLT, 74 55 LHH BAARELR
BT LD, BEREBBRAOIL U, S ARDEEDZ 02T Loy T ARHEL Fig. 1015

To THHITOWTIORTIC L 57 — ) &y Fig. 11 (TR,

SHIP'S ROLLING

WAVE HIGHT

WAVE SLOPE

Fig. 8. Sample record of the ship’s oscillations, wave heights and slopes

5 MITBMoo M E

LECORRZ, ZOBHEIC L 2HEEEREL, EELCHERESOET Y, HNEE, DEEERKE
LTEROHL, 74 LML ECHBRLARZ FIL42RDBZETHD, ZOMOBEEDERL LTR
DEENH 5, ’
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wave height
20
10
2826242220 I8 16 14 12 10 8 6 4 mm
Wave slope
10
28262422 20 18 16 4 12 10 8 6 4 mm
Rolling anale
20
10
28262422 20 I8 16 K4 12 10 8 6 4 mm

Fig. 9. Spectra for the ship’s oscillations, wave heights and slopes

) —e— Cotrelogrum for ship's rollingangie
* Rir) © =epee Correlogrum for wave siope
+10 —o= Cross correlogrum for ship s roliing angle
and wave slope

Fig. 10. Correlograms for the ship’s oscillations and wave slopes, cross

correlogram for the ship’s oscillations and wave slopes
1
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Amplitude ---s--- for correlogrum for wave slope
—e— for cross correlogrum for wave
2.0mm4 n glope and ship’s rolling ang.

—o— for correlogrum for ships
rolling angle

-y 7
0 . Smm IOmm I5mm

Fig. 11. Spectra calculated by the instrument from correlograms:
and cross correlogram ‘
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— 277 ~—



2)

3)
4)
5)
6)

7

8)
9

10)

11)

X X B £ # [X1I, 4
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