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Experiments on the Ship-Borne Wave Recorder (2nd Report)

Yoshifumi TAKAISHI, Tomihiro HARAGUCHI,
Toshihiko SARUTA and Shigeo OHMATSU

Abstract

In the previous report, two of the present authors et al. showed the full-scale ship

measurements of waves by using two kinds of ship-borne wave recorder, i.e. the one

consists of a radar distance meter and an accelerometer and the other used the ultrasonic

distance meter. The results were compared with the wave buoy measurements and with

some results obtained by the model ship.

This second report describes recent development of a new ultra-sonic wave height meter

and the results of full-scale measarements on the ocean weather ship, this time in comparison

with the conventional Tucker wave recorder as well as buoy wave meters.

The influence of radiation and diffraction waves on the measured wave heights due to

presence of ship body and its motions has been clarified theoretically.
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Fig. 1 Block Diagram of Ultra-Sonic Wave Meter
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Table 1 Nominal Performance of Ultra-Sonic

Wave Meter

Measurable Wave
Height

Measurable Distance
Accuracy
Nyquist Frequency

Frequency of
Ultra-sonic

Beam Angle of
Ultra-sonic

Meusurable Wave
Slope

Environmental
Condition

0~10m (+5m)

2~12m

+19% (of full scale)
1Hz (—3dB)
28.5kHz

about 5 degrees
within 15 degrees
Temperature —5°c~

40°c
Humidity within 95%

Fig. 2 Photograph of the Ultra-
Sonic Wave Meter
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Table 2 Principal Dimensions of Keif-Maru Table 3 Schedule of Wave Measurement
Navigation of Keifu-Maru

Length (o0.a.) 81.70(m)

Length (p.p.) 72.00(m) Experiment Area Period

Breadth (mld.) 12.60(m) Ist | Off Sendai April 12~17, 1979

Depth (mld.) 6. 50(m) 2nd | Around Izu Nov. 21~30, 1979

Draught 4.61(m) 3rd do. Apri‘l 21~_28, 1980

Gross Tonnage 1795.76(ton) 4th | Around Tzu and . | Nov. 11~18, 1980

Speed 14(kt) Enshu-Nada '

EpS

Fig. 4 Photograph of the Ocean Weather Ship
“Keifu-Maru”
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Fig. 5 Arrangement of Experiment on Board
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Fig. 6(a) Ship Route of the 1st Experiment
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Fig. 6(b) Ship Route of the 2nd Experiment
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Fig. 6(c) Ship Route of the 3rd Experiment
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Fig. 6(d) Ship Route of the 4th Experiment
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Fig. 7(a) Wave Spectra Measured During the Fig. 7(b) Wave Spectra Measured During the
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Table 4(a) Observed and Measured Waves of the 1st Experiment

. Visual Observation SR T JMA Nuber of
. ; Vind - N
rest MOt L Wi Seu Swell o eS| RGOV TUCKER Comparative Fep
a Time |Direction] Speed |Direction| Period | Height |Direction| Veriod | Height |S¢a Swell s o s | (s | T | Y L g Comments
dog w’s deg sec m deg soc m|—= e | deg &t m sec | m sce m | sec m
1 fu/:;(i—mzss 60 2.3 60 2 0.5 16 7 05 07
12 gy g0~11s5] 60 2.3 60 2 0.5 16 7 05 0.7
- my . FR a0k .
13 |ygq0mggar] 90 | 39 9 2 05 |1m/m | 7/6 [0805] ) | 195-$10P 13 | sa | AT AN | s
14 [sane 110 5.0 110 2 0.5 90 7 15 62—150 16
21 “ég&: sag| 310 2.6 340 1 0 |waw| 96 |15/10 25 |95 | 18
22 | goge 9| 30 | 25 | 340 1 02 | 0/1%| 96 [15710| ¥~ |290~8TOP 23 [ 94 |1
23 9:55~10:15| 340 2.2 340 1 0.2 0/10| 96 |15710 7;\\ 75-STOP| 17 20 164 |18 |85 (18| @
24 {i1g0~1ri1a] 350 2.1 340 1 02 | 40/140| 96 |10/10 | ‘1]’ 90—STOP 16 | 84 | 14
25 |\yegoiag| 320 2.6 520 1 0.1 |40/140] 95 |10/10 Jal 210-810P 12 |95 | 14
26 iz 360 8.2 360 2 0.5 (1509 | 679 |10/05 180—150 12
27 y4-00~ 360 8.2 360 2 0.5 [150/% | 679 |10/05 180—150 12
28 | 41erqim| 360 82 360 2 0.5 |10/% | 679 |10705 180—150 12
KK
31 fAS 360 | 4.0 | 360 1 0.2 6030 91 |15/10 D | 120-s70P] 28 23 | as | 50198 as | @
Remarks; SRI : Ship Research Institute USW : Ultra-Sonic Wave Height Meter
’
TU : Institute pf Industrial Science, BUOY : Acceleration Wave Meter
University of Tokyo
TUCKER : Tucker Wave Meter
JMA : Japan Meteorological Agency
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Table 4(b) Observed and Measured Waves of the 2nd Expeériment
Visual s ation 3 ’ ‘
Test MOH}BHY ‘ Wind s::;.l s IoSwell C‘ngeed figvv{/ BlrJgY I‘I?Igliz)!t ()[::,m,“:r,n: Fsp
i Time Direction| Speed |Direction| Period | Height [Direction| Period | Height &Slvilfl 3| T WAL T AT T Y | g camens
deg w's deg sec m deg sec m deg Kt m |sec| m |[sec| m | sec| m
1 R sl 20 | 137 20 4 15 | 29 9 10 205—15 18
2 11:00~11:15 30 157 30 5 25 110 8 20 Q/ 295—-STOP 26 67 | 32
3 |1g00~ 40 60 49 3 w | 100 8 25 & |s10-sTOP 33 | 79 | 27
4 1700~ 160 50 | 160 3 1w |00 | s 2010 N | 40-sTOP 33 | 80 | 24
5 [ 220 | 112 | 220 3 13 |00 | 85 | 2000 | so-stop 24 | 84 | 26
6 |jo:m~a1ii0] 220 64 | 220 2 07 | 100160 86 | 20715 (£~ | 70-8TOP 33 | 80 | 26
7 o~ 220 | 41 | 220 | 2 05 | 100160 | 876 | 20715, [F~ | 65-STOP 32K erk 25 | @
8 1330~ 250 | 111 250 3 12 |10150 | 876 | 20715 W |1as—stop 17 | 77 | 28
9 |14:00~ 240 | 100 | 240 3 w || &8 | 2015  If |135-STOP 25% 52H 27 |
10 15015~ 240 100 250 3 10 100 8 20 300—-15 22
n [ 20 90 20 3 15 90 8 20 (% | 285-STOP 35 | 92 | 25
12 4 goe 20 90 20 3 15 90 8 20 (5. | 280-STOP 1881084 25 | ©
13 | ioo0~10:ms] 201 105 20 3 15 70 8 20 {5 |a10-sTOP 32 | 87 | 25
14 fogenrss] 20 | 120 | 20 | 4 20 0| 8 20 O | 285-STOP 30 58 28 | @
15 13:33~ 30 125 30 5 20 70 9 25 ﬁﬁ/\ 305—STOP 36 84 32
16 g~
17 B Lol 10 ] 160 10 5 20 70 9 25 05 | 2r0-sTOP 29 78| 32| ®
18 | G o3| (328) | (185)] 40 | 4 15 45 | 7 25 {0~ | 315
19 | g~ 78| 10 150 10 5 25 80 9 20 §Q\ 265-STOP 30 | 70 | 29
20 19007~ 5 119 10 3 07 — — — 04— |270-sTOP 07
2t [P s | 1z 10 4 15 - - | - O | 285—sTOP 16 | 65 | 15
22 | 756 10 50 | 360 2 03 | 180 6 05 0~ |2zr0-sTOP 03 | 81| 06
23 | g:5p~q0:05| 10 6.0 10 10 05 170 7 05 AY— |250-STOP 07 | 85| 07
24 lizgr~izor| 70 65 70 2 05 | 120 9 10 Ox. | 325-STOP 20 | 78| 11
25 |jggsgzse| 50 | 12 0 4 15 | 100 9 15 N 70~14 21
26 |12 451800 35 113 340 4 15 90 8 20 Q§ 300—STOP 22 | 83| 25
27 117/:'-;50~ 75| 3 13 30 4 20 80 8 20 e 23 | 76| 28
28 | o0 15 | 152 20 4 20 80 8 20 O | 280-sTOP 32X 568 28| @ *PMs
29 | oaggom 20 | 114 20 4 20 1% | 18 | 1520 - | 275-sTOP 23 | 79 | 32
30 11:10~11:17 @
31 gy 20 125 20 1 20 | 17080 | 107 2015 ’,Q{ 280—STOP 24 | 77| 32
sz |V 250 96 | 250 5 20 w070 | 108 | 1515 O |120-8TOP 28 | 87 | 29
33 | gge gim| 220 95 | 220 4 15 [160% | 08 | 1515] 1 |120-sTOP “ 30K 599 26| @*pms
34 |0 230 | 131 | 230 5 20 | wae| 98 | 2015| YY- |130-sTOP . 25 | 88 | 32
35 |gggmargy 240 | 180 | 240 | 5 20 | wa0| o8 | 20415] L. |140-8TOP 29| 26| 32| ®

CLTFImEREE, FEE/KAL, ErEss M1 Vi) oBGE
EOWTNPIGEESBA LT RES T & T & 1%

o WRRETOHBICY »C, H— ORI DWVTER
OWENRNEETH 2505 T D& IS HIRER ORE
HTHAI,

74 KIERENIC L 2 FHIEEEZE Tucker KD Zh
EHNRZE, HOBLROIEIETREETHED, K
%i%EC@bﬁ—ﬂ—mﬁ%mbfm

KRS ORRENRIC X B ﬁ*ﬁ&EHV&, Tucker
ﬂw&mfmﬁbtﬁ%&ﬁ@%ﬁ%mbtmxmg
25 CTHbo Fio, MR E BRI OBRE Fig. 261C
IR AR, AEREEE DN & B ofEr #2171 &

mﬁéﬂ%®Iﬁ@&@%%%£ﬁCWbﬁo

T & 2 EFHHNE OSFEERIEANIEET IC X B EICE D
EWVWA B,
3.2 £ ®

Btk 4 Blich7c 2 EmEERIC KD, X (Ship-
borne) iRt & UTHBEFIRA LT Tucker X, HA
RBBEEHE UTImEE 7 4 K R O 1K E 7 14 3K
(PMS) 0, %@ﬁ@%@ﬁ@%@%ﬁoto%@%
B, BIETRNc K, BEHs b miBE OjicE

L, C@ivﬁ&%+ﬁcwﬁf%7%bw%i®ﬁ
VBRI EET b 2 B ic 3% Uic,
T QPR TEHHI L7cii R =7 P v OFEIRETER KD
BHMCER ST 5 Tucker 30 & g4 3 &
EEUBR, =ixvF—plEr<ys CviEEZ B m
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Table 4(¢) Observed and Measured Waves of the 3rd Experiment
/i i 3 T er o
- Mon th Wing i Visual Observation Gourse h'l?]‘ I'l : CAMA Number of
Te st Sy Sca Swel  Speed | Usw PUOY | TUCKER VIS Conpaentive Exp
g Time |Dircction| Speed |Direction| Period | Height [Direction| Period | Ikight [Sca Swell st o [HYS| v es| T i b e conments
deg ms deg sec m deg sec m [T | deg kt m sec m s m_| sec m
4722 - | TUCKER :Sbd (#)
42201 N8:25~08:31 50 40 40 2 0.5 140 7 10 ~ 305-8TOP| 10 | 73 0.7 93 | 11
42202 |08:47~0856| 50 60 40 2 05 140 7 10 165-8TOPY 15 | 87 L | g6 | | TUCRER ot
P |
42203 |09:36~09:45| 50 23 50 1 05 140 7 10 1] 90 10| 51|10 83| 11 |az
123 — \H\ ~ .
42301 {13:02~13:12] 250 250 3 08 90160 777 |10/10 340-8T0P | 1.5 77| 14| 51|11 71116
42302 |13:12~13:21 15 | 51
42304 {15:45~15355| 230 230 3 08 | 9160 | 87 1010 t 335-s70P | 13 | 441 16 | 54 |1 10 | 70 | 16 |9
42305 |15:55~16:01 : s 18 | 56
42306 |16:04~16113 > 18| 79
42307 |16:14~16:23 i 13 | 786
1724 :
42401 {00152~01:01| 310 164 510 5 25 — —— 15 \/ 200-8TOP | 24 ¢ 70 20 | 70 | 29
42402 [01:01~01:10 p! 25 | 6.9 TUCKER : Sbd(
42403 {01:10~01:19 @\ 23 1 67
42404 01:19~01:28 22 | 65
42405 {01:28~01:37 . 24 | 63
42407 {09:45~09:54 ! - 39 | 63 TUCKER : Por t(e)
42408 109:54~10:03 260 9 05 290 -7 wo_amyp | 40 | 61
2 2 } 2 8 25 20—8TOE -
42409 {10:03~10:12 42 | 62|27 | 56|29 |64 |25 |©
42410 10:12~10:21 ; 42 | 63
42412 {12:56~13:05 ; = 29 | 57
42413 113:05~13:14| 270 | 35 279 2 05 280 8 25 0 20-STOP | 29 | 54 | 18 | 50 | 19 | 60 | 25 | @
42414 03114~]3502 27 | 54
42415 [15:0~15:9 | 230 38 280 2 05 280 6 o0 | sgrop| 24 | 52 [ 17 | 50 |15 | 58|21 |48
42416 {i5:29~15:37 Q 23 | 54
42417 R1.00~21:00| 23 | 51 25
42418 [21:00~21118| 290 104 290 4 15 — — 20 —gTOP | 21 | 48
42419 P1:1g~2127 21 | 48
12420 [21:27~21138 22 | 49
42421 [21:38~21:43 21 | 47
26
42601 [09:45~09:54 39 | 64
42602 {09:54~10:03 B - R ; }.@ L3968 )
12603 |10:03~10:12| 50 9.6 50 5 20 73 7 25 185-5TOP| 45 | 64 | 28 | 54 |31 |70 |32 |®
42604 [10:12~10:21 39 | 64
12605 [12:55~13:04 s 31 | 64 )
42606 |13:04~13113] 50 6.2 15 3 10 70 8 25 /@ 165-STOP | 33 | 68 [ 21 | 52 {25 | 75 | 27 | @
12607 |13:13~13:22 i 31 | 62
42608 [15:30~15:39 27 169 115 | 57 (24 |79 |21 | @
P . 8 o T a1y
12609 |15:30~15:45| 0 6 80 z 03 80 20 /O 180=STOP| 33 | 73
Table 4(d) Observed and Measured Waves of the 4th Experiment
T N N " =
e Month Wind N i Ylsual Observation Course \S'RI H,J, ”vl.\}/\‘ Number of
est JDay Sea Swell M peed |__UswW BUOY TUCKER Comparative lixp
i Pyme  |Pirection] Speed |Direction Period | Height | Direction| Perioa | Height |Seca Swell HYs| [ HYS) T [HYB] T | By | & Commels
deg s deg see m deg sec m |~ | deg ki m sec m sec m sec m
1 1112 0 15 5 2 5 — :
10:10~10:25 : “ 180 185-15 | 08 | 43
2 [12:05~12:20 25 28 30 2 03 e s 19 (Y 307-8TOP| 10 | 47 | 12 | 47 13
3 [15:00~15.15] 190 82 190 3 08 138 fé if) &: 90—STOP | 12 | 47 | 13 | 44 18
1 1113 e e or Can o : "
09:00~00:20] 230 170 230 6 25 190 8 30 Dev |126-sTOP | 38 | 72 ' 39 | @
5 11:~12:10] 25 16. 250 6 20 19 30 STOP ; ! 16 | o
50 6.1 0 8 Dy, [140-STOP| 42 | 76 X 36 | @3
6 |12:36~12:52] 245 220 250 4 10 200 8 50 va) 324-140 | 34 |102 ‘ 51 1 USW:Sbd. (Lee)
7 [15:30~15:50| 250 150 250 5 20 200 7 20 (e |1as-stop| 22 | 57 | 24 | 60 | i; : ‘;3 28 | &
14 : 190 8 15 < ; 3
8 losias~09:00; 10 78 w3 10 220 7 10 /5/ 163—150 | 11 | 38 : ‘ 21
| ‘ :
. el _ _ _ _ _ f !
9 [09:40~09:55, - - — i ; NG
10 |10:53~11:101 15 50 15 4 05 110 8 10 d\« 0-145 {10 | 68 ‘ 11
11716 . __ ; ;
oo~z 10 10.3 10 6 20 60 7 15 O fzo7-stor| 2l | 52 (21 {48 {19 58 i 25 49
|
12 12040~13:00) 40 90 10 6 20 60 7 15 O [z00-STOP | 20 | 55 123 | 50 |19 {57 | 25 | o
13 [15:00~15:20| 40 75 40 5 15 60 7 15 (R [s00-s10P | 20 | 48 [ 19 {85 |19 |56 | 21 |
117
14 (Nl 100 30 | 100 2 05 150 5 10 Q’r// 40—140 | 06 | 40 11

NI | -El ectronic Library Service



Nat i onal

Maritinme Research Institute

orl @ 1978404 cs:55
—— USW  (SRI)
0-6f- :
—~ f\ —— BUOY (TU)
(8]
% 0.5 i oo TUCKER(JMA)
B= \ ————— Coastal Wave Observation
<04t [ System at Enoshima (JMA)
:3: ’,’\\
30_3_ | A\
0.2
i
011 \ /
/
//'I ’7 by = ~.
0 02 0L 06 08 10 12 14 16
w (rad/sec)
Fig. 8 Comparison of Measured Wave Spectra
7)) 1979.4.15. 08110
07 © —— USW  (SRI)
—.— BUOY (TU)
06 - TUCKERUMA)
L O T O U IMA
‘fu’)O-S PMS ( )
E
“04F
3
=z
m0,3,
0-2r
01
1 It L -
0 02 04 06 08 10 12 114 16
w (rad/sec)
Fig. 9 Comparison of Measured Wave Spectra
@ 1979.11.23. 11:10 USW  (SRI)
2l n —.— BUOY (TU)
s , ‘\ —--— TUCKER(MA)
] L R PMS (IMA)
:‘C: LA
z \
z 1T
(%]
o 02 04 06 08 10 12 14 16
W (rad/sec)
Fig. 10 Comparison of Measured Wave Spectra

)
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Swiw) (m'-sec)

11

(5) 1979.11.23. 14:00

——— USW (SRI)

—-— BUOY (TU)
—--— TUCKER(JMA)
PMS (MA)

) i 1

02 04 06 08 10 1.2 14 1.6
w (rad/sec)

Comparison of Measured Wave Spectra

(7) 1979.11.24. 10:30

/\ —— USW  (SRID)
{ \ —— TUCKER(JMA)
j \ ————— PMS (JMA)

08 10 1.2 1.4 16
w (rad/sec)

Fig. 12 Comparison of Measured Wave Spectra

0.4~

(m2 sec)

Sw (W)

1980. 4. 23.. 13:00

— USwW (SRI)
—-— BUOY (TU)
—--— TUCKER (JMA)

Fig. 13

0.5 10 w (rad/sec) .5

Comparison of Measured Wave Spectra
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12
N

a0, (18) 1980.4.24. 10:00 Lo 20 1980.4.26. 13:03

. r -~
~ —-— TUCKER (JMA) T BUOY (TU)
o —-— TUCKER (JMA)
:
t | o
- E
3
> 3
@ =z

w
2.0 Lo

-
0.5 1.0

=

w (rad/sec) -9 L0 (rad/sec) "3

Fig. 14 Comparison of Measured Wave Spectra Fig. 16 Comparison of Measured Wave Spectra

1980. 4. 26. 10:00 @ 1980. 4.26. 15:32
— 2.0r .

4.0
_ —— USW (SRI) _ — USW (SRI)
3 —— TUCKER (JMA) 2 —-— TUCKER (JMA)
an t|
3 3
= 3
w
2.0 — 1.0
0 I e % Og 1 T~
0 0.5 10 & (rod/sec) 15 : 0w (rod/sec) 5
Fig. 15 Comparison of Measured Wave Spectra Fig. 17 Comparison of Measured Wave Spectra
@72)
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1980. I1. 3. :
8.0r—@ 8 3 9:00

g —— USW (SRI)
w
N —--— TUCKER (JMA)
Ee6or
3
=
w
4.0}
2.0
oO P
0.5 10 w (rad/sec) 1.5

Fig. 18 Comparison of Measured Wave Spectra

23) 1980. I1. 13. H
8o | 3. 11:50
N — USW (SRI)
§ —--— TUCKER (JMA)
E
~6.0—
3
2
w
40—
2.0
0 iy
0 05 L0 & (rad/sec)!-5

Fig. 19 Comparison of Measured Wave Spectra

13
oo (24) 1980. 1113, 15:30
_ —— USW  (SRI)
g —— BUOY (TU)

—-— TUCKER (JMA)

(m2

Sw (W)

0 05 kO o (radssec) -5

Fig. 20 Comparison of Measured Wave Spectra

/5EN .

oo (28] 1980. 1. 16. 12:00
. ~—— USW (SRI)
2 —— BUOY (TU)
o —-—— TUCKER (JMA)
3
=z
w
Lo

0

0 0.5 1O ¢ (rad/sec) D

Fig. 21 Comparison of Measured Wave Spectra
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50 26) 1980. II. 26. 12:40 (m Cl) 3rd Exp.
F 5r ’
— /
— —— USW  (SRI) > 4
g —-— BUOY (T S 9 .
® u) 24 %
o —— TUCKER (JMA) 88 e
- = o] /
23t 2
\3, n ° o] //0.
3 2 /0’
o2+ s
\ ~N %
Lo Ih\ I ° /°/ (] .
%
/! 1 5
! ‘ s
! /
| /
.’;’1'\ O | | ] I 1
- Wi 0o 1 2 3 4 5(m)
YAYA Hy, (TUCKER)
.} ‘ 51 b) 4th Exp. //
/ ‘ < /
L L \ Q O//
OO = ’ | T 84 — /
05 L0 o (rad/sec) L5 o3 /})
Fig. 22 Comparison of Measured Wave Spectra 234k //
n /
D /
~— BO /
gz - /?/ o USW
T / e BUOY
5 /
1 o’
7
. /
20#_<:>I98O.IL16. 151 00 ; - | \I | J
**;ix ﬁ?f 0 1 2 3 4 5(m)
= —--— TUCKER {JMA) Hy, (TUCKER)
@ Fig. 24 Comparison of Wave Heights Measured
I by Various Wave Meters
3 U, HEHROK IS EE R C—RIcEE of &
2
& 5o Fle, A7 FVOHUERE OEM LHRH

.o BEOELBFEROFLEL LT3, 2hbD
HEHIZDWTRIRZICB WO TREZEINA 3,

4. RREFHAICRET 2 EHDOBRE

41 HREAICH Bk

AENCEAT T & 7o pERE e U 7o dEic
3 AHEOREDPIC, kOO (diffraction
wave) EFMAEIRIC X 3R Bk (radiation wave) 3
BALTO S, MEEEREHC X DEIS W3 DRE

o —
0 0.5 1.O 1.5
@ {rod/sec] LI S ICT 5700, CRORKOBEEE S~
Fig. 23 Comparison of Measured Wave Spectra ZNENH B, 22T, A M)y FEicky, FHEdg
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(m)

5 -

4+ Y
—_ o o
§3 - q&;@
= o % &

Zo b A v g = o st Exp.
L A L 0® A 2nd v
s B B o 3rd
a oY Y Y 4th

PN
O | i ! { J
0 1 2 3 4 5 Hy(m)

Fig. 25 Relation between Observed and Measured
Wave Heights

(m)
5

Hs (TUCKER)
N w ~

—_

O 1 | 1 |
0 10 U(m/sec)20

Fig. 26 Relation between Wind Speed and Wave
Height

DIRARER M OMMAERT OB B 2518 L, AMEE
ICXH 9 BIMA D ER I T, WHE LI IZE R
DEPIC, NUOEFZRBAMERIEINA 72 24
T, MORSIDEHELFONBZ i Ui,
MRS KALET 2 A O 7 R EHAlIC B 1 B kL
ICDWTIE, REHEAMEGRICERT? SRRy ER
T2 TO0BD, ARXTHIhEFBOFEERN
720
(1) BEEBRET OB

T DEENE Fig. 2T 1WORT LS, MMAIOFEKAL
AENIC 3 AMAR TN UT Kb,

iR UCABTE A 54720, #dkhrEtic & -

15
Z
St T hs, f Incident Wave
—/”ﬂ‘\sf - y

Fig. 27 Measurement of Relative Wave Height
by USW
T BAES NI ETE, ZOROMMEEIEICL 3
MO LETEMNE 2z 35 E, MM T Btk
g { B cEEsh s,
{=f+z2=-U (2)
A TELS VIS ASHE h T3 2 IMAEEE C,
FEXKALOEEEE € B &, (=h+le,t=Ff—C
ThHa5, AHFERIZ
h=&+2—q {3)
THbo —J, MANEEAKEECHIE LcEE 7* 13
KA TKD OGN,

h*=¢+z (4)
b, #Esie, RoASEEXROBERICS 5,
h*=h+{q (5)

¥, h RO Lo Z ABEORR o THAKICEE)
ThELELTENEFN
h*=he* cos(w+¢)
h=h, cos(wt+ky) { (6)
La={ao cos(wi+eq) J
&3% < CE’ ‘@U%@i% hO>'< ﬁ?ﬁ(ﬁ& fct%o
ho* = v/ (cos By -+Lag COS 24)?
-+ (sin 2y -+Cq 8in eq)?
CCTABEORIE o 121 &£ LT3, HBESHO
y BERR DM LM O AR § ot LTkcskd &
N5,
V=X, COS ¥ Sin x (8)
(2) Tucker RIFREFDEE
Fig. 281C/RT L9100, X 20 ORENCEAR T 727k
FERHCHE U EEBIKE p: &, MMADLTER 2z &
PROCTEE UCRIEES 5 13

(7)

e =Le i (9)

(275)
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Z
[

e |
: Incident Wave

-
\
//BT— y
Ze

] .,_pz

N

Fig. 28 Measurement of Relative Wave Height
by TUCKER

THb, BOAFHBEHRBRNTEFA bNArL, 0L
OR» B z ZHET B L, 24 & b OBIREKAD
K5I B,

., b
Lk P =
B* bt La— S (10

T, MUoAKERIC B 5 AEAKMER ¢ 13,
20=0 BT BB OEE Y po &, E=po/ pg DB
BicH A5, RRROLHIKIES,

h**=h+Cd—71g'<po—pz) i

FEBK T2 ASE ROMMAZNLIC K B ZEHIKIE bs
&, MMROBELIC X ZEHIKIE pa COMTHBLEHE
ABERRDEIHICET T ENTE S,

p=(psp+pig)cos wt—(ps;+pa)sin ot (12

i, suffix R, I3+ h<hreal part XU ima-
ginary part 239,

F 72 po, D WG LTINS E psg’s Psp? LD
ICHERTT EICT B,

h*% = f** cos (wt4-e¥*) 13
EFT &, KEETRIE LI BHRIE At (ZZ2EKIE
ofEERNTRRIC L DRD 5N 5,

ho** =\/{ cos ky———blg(psR°—Pst~ﬁdRz)}2

+{ sin Ry ——plg—(ﬁSI"—PSILPdﬁ)}Z 14

T, Lacoses=pap’/og, Casincea=pas/pg
Th5,
(3) EIERRERUEBE

ST OBESKBERREEAKRTERILICONT
Tucker FFHRFT R BEE ERERE (USW) K&
THIE U licxt 3 g a (s, ickOEr

(276)

FUTo ALY v 7RI X AR E) & ZEEKIE DR
Wik, IROELIbIcE BT ns 5 L8R Ui
T DEESF 4 Table 5 1R, I, MR

Table 5 Principal Dimensions of Ocean Weather

Ships
tems Keifu-Maru Kofu-Maru

Length (Lpp) (m) 72.00 42.50
Breadth (By) (m) 12.60 7.70
Draft (d) (m) 4,30 2.85
Displt. (4) (ton) 2200 532

Cs 0.550 0. 556

KG (m) 4.43 2.56

GM (m) 1.24 1.11

Tr (sec) 9.27 5.86

Tr : Rolling Period

B5E 0 DIERHREET, JEOHAHE1S0° (K 55
0°F T30°H SICDNTH - 7288, WEERICRS X
CHOLNZHAR"E LT, HIEESAED 220, —
R DNTDIERZRT T EIKT o

BRLICH 3 B2 Fig. 201, BRAICHT 5
3% Fig. 30 I ZNFIIRT . T 5O DRI

Keifu-Maru
Fn=0.0
R X =180 (Head Sea) USW
hy h
1.0 =
TUCKER
0 | ] 1
0 05 10 Wirad/sec) 1.5
Weather Lee
Fn= 0-9 Wh s USW Side  Side
X =90 . ° X
_hflf (Beam Sea) H¥h : TUCKER
h, h
R o © Siee Side
10 4 N\ o /
R ®\ o AN //
X\X\x x
S~ Weather
Side
Tr
0 | 4 | |
0 05 10 Wirad/sec) 15

Fig. 29 Wave Amplitude Ratio on Ship Side of
Keifu-Maru
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[_ Fn=0.0 Kofu -Maru
©) %X =180 (Head Sea)
hﬂ h*l
nNh . USW
|,0~“UT\_//
°ee © o o ©° ©
TUCKER
15sec Ssec
0 Lot 1 ! I
Q 05 1.0 Wirad/sec) 1.5
r(b) _ Weather L
Fn= 0.9 h*/h: usw Side Sledee
X =90 H¥h: TUCKER o x
¥ %x (Beam Sea)
Al
hy h
o o o Weather
10 W & § PP \ Side
9 N
w\)\/\
\\X ‘x
“Lee Side
X
0 |'55e<i ' ‘ T‘R 5|sec ’
0 05 1.0 Wirad/sec) 15
Fig. 30 Wave Amplitude Ratio on Ship Side of
Kofu-Maru
Fn=0.0 sw Keifu. _}fgf_u_'
a) X =180
( (Head Sea) TUCKER © .
AN
R
1oL I—
¥ e0e o © 900 @ o O O o
0 1 L .
0 05 10 u/x 1.5
Fn=0~9 hh: USW
(b) X =90 (Beam Sea) ¥h - TUCKER
x L xX Weather
—;‘—-n- Side
y h
e @ O °
10+ © e0e _g‘ N ‘,’.‘Q ©
. O L I L
0 : 05 1.0 N2 1.5

Fig. 31 Wave Amplitude Ratio on Ship Side

17
Fn =0
% =90° (Beam Sea)
fa)y USW
h*
y Keifu -Maru
———~— Kofu-Moru
e R e
v
0 ! L
! W/ W 2
Fn =0 (b) Tucker
%ﬂ % 2907 (Beam Sea) O Keifu- Maru
o Kofu ~Moru
et ® ° °
o
LO— *e e % o ©
o ! -
o] I 2

wW/Wr

Fig. 32 Wave Amplitude Ratio on Ship Side

BOREHTH 205 THORS S RUKENESLTE
OB X BERZRNTERT 2720, Bt sh
ZNVLIZARY o/op ICERTALL TESHE Lz 0n

Fig. 31 XU Fig. 32 TH 5,

CNDOOREREE LD TERT B ERO XS 15kEH

185,

a. WERTE 2/L>1 oBWEICDNTIE, USW
2% Tucker LD EOFSICHEWMERAIET 2, /L
<1l OEWHEEHTIZ USW 3KSBE 2545
FET 5D, Tucker 3PREE (10~15%) OWNE

ZRIET 5o

b. BEHTIIEMRIIC weather side DJEE s
lee side D& D XY BIFLHIEEL2EZ 5, VT,
weather side L DINWVTRN 3 & USW [ ZHENE
BRAM Tr(=2z/wr) fHETHREREID UL

{73300,

w/or<l.5 OEETEDEEICHT

VEZEH T, USW & Tucker I3 A/L>1 T8
FATIRZIREVERRZD, ZNXVERERTIR
Tucker 3 HE, USW 2MEH OBEHET 3,
4.2 MRBBRRT FIVT TS Y-
BHRBIAIERRICE WO ECHE I ESe 2 AT X
L, MUEELTOAEDOZ 2 VEFE—-ZRT My, B
moh, RS OMEHIEIRS A &id, HR

@1
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18

BT — 42 04 v 54 VEHA WBIZISERTH RO
ke ) I AmEESY AT LKt s, £
CemERERE OB E UTARI Py T F 54
P —FEAL, FHARIOEBRTH N -OTEOMEZE
k9 b,

C OIFENTEEE 1, CPU I i8085A LA{E L7z 8 &
v MEMEKET, 4= YEEN64K N1 +HD, Basic
TFus 5 I VI NTCES, COEK%E Fig. 331¢,

2;II?TVERTER cru CRT "
DISPLAY Fig. 34 Photograph of Spectral Analyser
i8085A
A OEHE% Fig. 34 ITRd, 77— 2 B OFk,
NPUT MEMORY -——E§Z§§Z SRI5 M Lz D ER LT, 1024ED7— %%,
i:_ 64KB ey FFT ZHWWT256[E 32T 2ERT 5 LIHFHIC
PLOTTER EoTT—RRI b5 1ERDBEDTHB, VA
VIEORIZQUA VY FuRFER LT,
cneemron Hi2 DAESEKAIZEB) & AR Oitskh HHEd I
Bk AFHER, TR THRIGBYD ARSI P A
DIFTEBZTI FEER W,
CASSETTE

REEIC X BITHIE Fig. 35108 37, [ @ £ 2»
Fig. 33 System of Spectral Analyser 5, FFImEE, AR e bEES N

DATE 801113 EXP.NO 090004 sSAMP.TIME .8  NO.OF DATA 1024  BLOCK SIZE 256 AVE.TIME 7

ABS.¥AVE SPECTRUM

1 ¥-ACC
o 0 0 21 .05303 42 .013333
1 Q 22 040365 43 010814
2 0 23 .042818 4} 009088
3 4] 24 .0B87832 AS .012938
\U ”” aw}{ 4 0 25 .113743 48 016877
1 15(NHIN.) S 1] 26 .094234 47 .017081
. € 0 27 .126022 43 _01562)
7 0 20 160617 43 .011287
B3 Q 29 .106347 SO0 .00S183
S 0 30 .087325 S} .,00800S
4 o tome 3 fl 4
.0 . 8 8S
3.428 R-¥AVE 12 .013123 33 044805 54 .00§133
n) 13 .009383 34 _.027036 SS .00&6772
| 14 ,068321 35S ,011733 S6 .006734%
i 16 ,011282 36 .02042) 57 .003324
16 ,011837 37 .026833 S8 003174
i J et 17 .009824%4 38 025164 S3 .004132
il 18 (0IN.) 18 ,003084 33 .0Z6381 60 .004077
18 ,015513 40 ,017035 &1 ,002814
20 .03783 41 010235 62 .002444
-3. 1125
Eo .009273 EQ 1.14852 ED 1,6008
sheen g stajen Lo saejeor 1388}
§755 . 93878 §.52
y-Ree 1ip) §.1938 -VAVE 1ip) 175772 ABS. VAYE 11p) $.27118
-04128) BYP 362136 146374 VP . 53813 -1des17 BYp S5888
{NARROY BANBD! INARRBY BAND) INRRROY BAND!
(Gx42) 1171) . 085344 {hkA2) /1 .8493125 IH%42) t1/1) 1.12088
1173)  .136336 (1731 1.51816 11730 1.73138
{1710} . 173385 {17108 1.92987 t17io0! 1.217718
{NEUMAN) [NEUMAN] INEUMRN)
1711 . 043222 (171) .S17869 1/ LEL6466
11731 116865 11731} 1.129837 1173 1.53104
{17191} 158647 11718 1.76583 tif19) 1.08362
9 1 0 1 ’ 1
L85391¢€ FCERER} L8113147 3.83434 .15381¢ 3. 13184
SREG. IRRIFSEC) SNEG. LRAJISEC) INET, IRAI(SEC]
Fig. 35 An Example of Output on Spectral Analyser
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THSHEEDARY + 5 L TH 5B,

TRMTIRII 1 7 » Y AV D2BHREDPDPD, S5
ICBE A KOG O 7 EIEEEET OHITI 0 S
LD ARY b IERD BERIIHIBN RN B, T D
MERREOEHEICR e s 5 22T vV 7 5 — T
HEREZL DN,

5 ¥

i 4 [elich 7o 2 EMERIC X iBERHRRE &
Tucker X JEar CLEMER) RO 74 {pREHE
D HEBER 2T - 72,

ZOFEH, BEEPENRESEREER S C LIl
BEh, %LoEE T Tucker :EE & KL e
WARY W WEBZ B LT, MEBEFEAE
—HTBREELEL RN, TAREBE b K
Tucker X, BEWAOMERIRET & FAY DBER <
JIMWVERE L DATNBEEEZL 5,

A7 b ADEBEBVTROICERE S OE
i3, EBREOHAIREICE T, £NEhORIREO
EoRIcEAEABR NI EEND 2, TN, #
&k & Dy & ERT O BT E OBIRL, &
THIRET O OBEMEICA BT REE D &b % REFIC
FRDH B EHEES LD, S OFHANCY » TERER
BEEEE 2 C & ICHIcEE T 2 085D 5,

HipatEIc L, Tucker i &BEWICHT 24
BRI, ZORBR, RRAE R ER T
weather side OWBFHC X ZDEYTHS &0,
R OETIN TV I HEEZERT 2 E N TS
720 Z DBATOEEI, SEEILE SEFHY 6 DUT
OEFREHTIREENKESRET L H I Uk,
(Fig. 29, Fig. 30)

DI EoEEE R OB 2R T, ME ol AR
BEtOFERD b OMBEMICEL DL I T, it
oA v 54 VTR ISR S i,

ARBICEI NI RS & UTIRIRD L5 155ER s
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(1) ZehoBHFES OISR E L, FHxd/KE O

EFEME DM AT LT e 7T m=* 5 mO#EFRZ /3

—T X7, HRBRTIIS mE 3 mEEIHEEICH
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