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Study on the Dynamical Response between a Ship’s Motions and
Fishing Gear (II)

On the response characteristic between a ship’s motions and
the warp tension and the prediction of the extreme
value of the warp tension in trawl fishing

Kiyoshi AMAGAT**

Abstract

In this paper, the author describes a study of the mechanism of the trawl
fishing gear system which was reported in the former paper. The experiments
were performed on the stern trawler and the ship’s motion and warp tension
were measured and recorded simultaneously in several sea conditions during the
last 4 years. From these data, the response characteristic between the ship’s
motions and the warp tension were obtained by the method of the statistical
analysis of a random process. Also, the statistical properties of the motion and
warp tension were shown for the sea condition and each angle between the ship’s
heading and the wave direction.

From the results of these analyses, the relation of the motions and warp
tension were discussed.

It is determined that the heaving motion of the ship appears again in the
variation of the warp tension. The influence of the warp tension to the ship’s
motions was discussed, too.

Further it will be shown that the probability distributions of the ship’s mo-
tions and the warp tension in trawl fishing approximates the single parameter
“Rayleigh” type for a given state of the sea.

Finally, the extreme values of ship’s motions and warp tension will be ex-
amined to evaluate the feasibility of the prediction of such extreme values.
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Table 1. Ezperimental condition.

Ship’s time Depth of Wal
Date Pof Wave Wave | Speed of sea lI:ottom lenglt':ll)l
measurement| Scale | direction | net towing (m) (m)
43.4.7 17-40 4 5 3.5 50.5 130
4.8 07-00 3 5 3.5 54 230
4.10 16-00 3 2 3.0 123 410
4.11 11-00 6 5 3.0 14 370
44.4.10 17-00 2 3 3.8 70 220
” 18-00 ” 4 ” ” n
4.11 15-30 ” 3 3.9 80 240
” 17-00 L4 ” 4.0 8 ”
4 18-00 1 14 ” ” ”
4.12 07-00 0 3.9 104 320
” 08-00 1 4 3.8 ” ”
” 09-45 L4 L4 3.0 100 320
45.4.20 14-00 3 3 3.5 117 360
” 15-50 n ” " ” ”
L4 16-50 ” 2 L4 108 350
” 18-30 ” 3 ” ” ”
4.21 17-20 1 1 4.4 50 160
4.22 12-04 3 ” 3.6 44 L4
4 14-40 2 ” 3.4 L4 180
” 15-55 3 ” ” ” ”
L4 18-00 L4 2 3.9 52 200
4.23 10-05 4 5 4.0 60 240
4 13-25 4 1 3.9 66 260
” 14-15 b 2 4 L4 L4
” 15-20 4 ” ” ” 14
4 16-50 4 5 3.8
45.7.19 10-15 0 3.5 190 600
” 10-50 L4 4 L4 ”
L4 16-10 1 3 L4 250 650
4 16-56 L4 4 L4 4 ”
7.20 13-05 ) 4 2.9 250 700
” 16-05 L4 ” 3.2 240 650
” 17-00 3 ” 14 ” "
” 17-40 ” ” ” ” ”
7.23 11-00 L 2 3.7 169 650
” 11-40 L4 1 3.6 4 4
” 16-00 4 L4 3.5 78 240
T.24 12-45 3 5 3.3 246 700
” 13-25 ” 4 4 4 ”
” 13-35 ” ” ” ” ”
” 15-00 ” 1 3.7 240 700
” 16-05 ” ” ” 4 ”
7.25 07-15 4 1 3.5 237 700
” 09-34 3 2 L4 244 ”
” 12-40 4 1 L4 238 4
46.4.10 08-00 3 5 3.6
4.11 10-30 2 3 3.7
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EAADARZ b T a Sziz; (o) BICBERER S & X Y AHOBRE § A B3 BEESE
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[ o Respcise
L oo Congse‘ncy Ti=Tr Wove Scale 5
--Phase 5 ¢

1§ 9 6 45 36 3 2sec
Fig. 3. The response characteristic and coherency Fig. 4. Each angle between the ship’s
between the left side warp tension and the heading and the wave direction.
right side warp tension in wave scale 5. 1; Head sea 2; Quarter head sea

3; Beam sea 4; Quarter following
sea 5; Following sea.

2 A I BORARBISEASMYE L coherency BRWDIZE L B3 Eisotr, Thb b bHMTES L5
RHEDEHRBEREROESL Y — 7ORRRE TRAOKMHEICA NI D - T b ZOEHRRZ
DbDIRELVIAAED VL EREB DA, BEAE—BUTNETLERZRLTNS, LIztis
TIFERTC Y > TR ED S p—FOBRNER 2LV ETA 5,

141, BRRERAIAS

FOXHEAEOF M EMEF R & OHMARH4D X 5 icHEHL, T LTt Head sea DHFHITD
WTHE 2 IR TIRBER OSSR DV TR S,

Table 2. Wave scale.

Wave scale Wave height(m)
0 Calm (grassy) 0
1 Calm (rippled) 0 0.1
2 Smooth 0.1 0.5
3 Slight 0.5 1.25
4 Moderate 1.26 2.5
] Rough 2.6 4

Heaving &7 —7/RADKEE

E5 53 & 5, calm ORI R BEEICOVWT EBLHREIRIR 57T, coherency & (KL,
DT e 5 7~ FRHDEEND Heaving DARXKRINBEDTid/z L, O ERER L% OO
BBRLMCZI TS LHRING, WRMEEN 1,2,3 253 L BHEBIO 2~ + 5 ADEEL
BEEENEINS 9~3sec DR THRER LT coherency » & & i2% {, Heaving & FR/IODIAE
BREHL TS, B 4,520 T 4R CARMICA 5 & L h s 2hT7 ~ 7RI
Heaving OEB% 2D IHFBL TS EEA B, $I, CCTERETNEC LR, 6~4.5sec, B
BB TIE A5 IT 3.6~3.4sec iLBWT coherency DBELU {ETFL T3 2T, AWK
R L FRBIIEMERZRLTVS, COFREAELTELSNS LR EDFEERICBOTREE
DS U — TEANEBR B IIZL TV SiEh ) T2, SPETORGESIELT, 7~7RHIOHK
GEEc B LI TESNEDNATVT, ZANERTAZVIDOTHELLEERL TS DERE
bhd, BLIBHIT 1200ton DI TH b 72055, ZOMEED 60 - THEER & L TIEE WM
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- S I ‘A'-'-" " i >4 ae L 2
i 9 6 45 36 3 2sec 8 9 & 45 36 3

Fig. 5. The response characteristic and coherency between the heaving motion and the
warp tension at head sea (wave scale 0~ 5).
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B6 iRt & ST, HEREEISKY 23 DPNTHER LD coherency i3 IRVERRL TV 3,
U 1243 5T Pitching 37 — PR AR B ST TREBII/NINVE BT IV, BB HE»2HL Pitching
DY —ZY +5 AOTEFEENE TN S 9~6sec DFF TIED HEEHTEL DI —REIT coherency
AHEL DI Heaving & [@ifY — PiEHIC X % Pitching ~OEEN KXW Bbh %,

Rolling &7 —FRADKEE

b e —VBEPOD Rolling it E L < ZOFHERESBL IR OGNS, H71AH3 Rolling & 7 —
TRID BHEBICEFEIREREES KRS BIRONTEL Z>TWA L a5 I aN%, »
THU~FRADEEZZII T E5DTHHH coherency »EL T &5 6 Rolling it 7 — 7 Hic
BRPBRPIRILAEBIIFLTWINT 83455,
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3 2aec 18 9 6 45 36 3 2mc

Fig. 6. The response characteristic and coherency between the pitching motion and the
warp tension at head sea (wave scale 0, 1, 3, 4).
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HBizA2 L 5ic, WHRIE,»ISFRITIZ 4.5~3.6sec T coherency »3 i { FE & HEIRE LS,
BTN B2 L 1203 5T coherency HHEVMERRL T3, Yawing iDWT § 7 — PR SIORE
BEOLDATV 3 & 505 BIOBRIC T 5 BB L THEAANCIR/PM 3,

Swaying &7 —THRNAOREE
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WG TN B 1P - T Swaying 37 ~ FERAICEB JITTEEBIZ/H IV,

Surging & J—7RNOEE

Surging DV TRBREBBNICHD 2 CIZEEARTIRD 505, BI0IKART L 51 Surging OF
EEEEHICBT 3 coherency, IEEE b ICHBIMIK A {, Heaving DWW TV~ FRAEERL
FIELTWA D EBDNh 3,
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HAMEENRE v — PRSI DOIERM:, coherency iZ DWW T AN Heaving & 7 — PRI DNT
{254 11, Pitching, Rolling, Yawing, Swaying, Surging ZhFh & 7 — FRAICDVTIEF 12,
13, 14, K15 K16 iRTEBH TH 5,

Heaving &7 —7RNDOEE

HhHm 2 3 OREMAIRBL TV 3, WFROBRE LI, coherency & ??R:E {, B17 woRT &
5iz Heaving DFHD 87 ~ 2 b I LHLTRIIZ 2,3 DEELEDT, 7~TEHI~D
BELBRICHRNC &0 3,
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Fig. 7. The response characteristic and coherency between the rolling motion and the
warp tension at head sea (wave scale 0~ 5).
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FhHE 1~3 Tt &R LU coherency 2K, 4,5 DL 4. 5sec D B E DA T coherency
DBWSEBRLNE, TDT &k bu—~ VPO Pitching 13 Head sea D Bz KX <, JEK
Following sea iZ/L 3T DONT/HIL B -TWALELEADDTE, HREBIICAIERE B
LT3, $72b5 Heaving IIMEFMICKEZY 5K AL, BEL ORI 3 FHIROIC g
NI ED L, EEIRLIA h BEE TVRRITIY Pitching ORI T 3 BEBBHEDbN, $HEH
KA 2T, ZOREIX Heaving DF NI LU T/HINWIDTH 5,

Rolling &7 —/RADKEE

Head sea DEfIZIGE 12D 253 coherency 3B, BT D Rolling iz Z DEBIHFEF R S h
BHPEFR 2, 4 DRFICIZ LB coherency bHIGE S HH 7~ TRANOEEVSED SN I ZD
MSHER/NTH D, ke U TRESEIRZS LU,

Yawing & J—7RADKE

Rolling & [FI#k, % DMESHEIX/N I W EDHRIDIFIT &, coherency, BVEE bitHbh, »318
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Wave Scale O ! M wave Scate 1

2

18 9 6 45 36 3 Zoec

Fig. 8. The response characteristic and coherency between the yawing motion and the
warp tension at head sea (wave scale 0, 1, 3, 4, 5).

EDY —~FRA~DEENBEH NS, 2O TH 4 OBITHEMA IV,

Swaying &7 —FRADKEE
FHR 2,3 DBEBBRITNBEDTIE- 2 H LSV, 4B TIE coherency & B L E,
U » T Swaying & RIDOBEIRIE Yawing L RO EHEZ 5,

Surging & —FHRNOBE

Head sea #3530 Following sea OFERITII 5 513 coherency, JEE & b i2E { COEEDOHEED
ST EET S,

UEEER2ANLLTY ~FEHRHAE T EERICONT HAGI TR & 253 EAEE S
%, coherency D5 ZOEEMRZERBL T A2, Rolling 2B{EFERE b 2hFh 7 ~FEAR
HUTHEBELRBIELTWALENEDORIENS T~ LT 0t bNBL 51T, Surging,
Pitching, Yawing, Swaying @O T 3 )b ¥ —~i2 Heaving OFh > H#L TIEFITHIVE, 25
BB EH R A 5 C L &, Heaving 237 ~TENOLE 2 XU TV A EBHELT IV, T2
Heaving & 7 — 73E N & OFIIGRBN R IEEREPR OSI- T B EEBA LN S,
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wave Scale 2 Wave Scale 3

TR e 6 45 36 3 Jaec

Fig. 9. The response characteristic and coherency between the swaying motion and the
warp tension at head sea (wave scale 0~ 5).

—#, bR BETORKESIRARC L SHEELENCRUIL LD TH S L ERGEDORBRT
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BUEERTAZOERIVEVSH SEREGESERALDIEEREL LD > THRIhO K&t
PRERT 3 100 id, AR I ZBRETPOMBISEREEmY, BEDPOBREL IUREETOR
U RACTELEDD B,
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HEREBELI >THLLIRANTNEDY, ILXEFR Y~ TRENOLBILERIMMTH S L 2WE
LoD, BRRIEMIZELDLRBRTICE T 2 BERIT 2&E0 3hh IBETRIFERY
AL IREEICGEIBT 2D T, CCTHEIRT S bu—aifiiesn T, BEP Y - FREAE
S>THIh & RRAEIE~ORERH > T3 L L REEEOE D TH 5, ZNHIRL SERHET TOH
#hD U~ S ZEIOBEDIH 2> THLLENDS 5,
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Fig. 10. The response characteristic and coherency between the surging motion and the
warp tension at head sea (wave scale 1, 3).

Y& 9 6 45 368 3

Fig. 11. The response characteristic and coherency between the heaving motion and the
warp tension in wave scale 3 (wave direction 4, 5; See Fig. 5 for wave direction 1).

e & P-T - P-T
e o Wove Direction 3
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1
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e WaveDirection 2 ol
[ .
rad.

e N e e

189 6 45 36 3 23ec
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Wave Direction 4 R WaveDirection 5
PCR L
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'3‘ b e e g‘ [
4 a

23ec

Fig. 12. The response characteristic and coherency between the pitching motion and the
warp tension in wave scale 3 (wave direction 2~ 5; See Fig. 6 for wave direction 1).
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Wave Direction 3

.................................

et ‘“‘ e e
Fig. 13. The response characteristic and coherency between the rolling motion and the
warp tension in wave scale 3 (wave direction 2~ 5; See Fig. 7 for wave direction 1).

Y-r
PCR Wave Direction 5
rod.
101
104,92 N — Yo
2 Sp————— N
8 i & haed
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s
&
2
o' 0
18 9 6 45 36 3 2sec

Fig. 14. The response characteristic and coherency between the yawing motion and the
warp tension in wave scale 3 (wave direction 2~ 5; See Fig. 8 for wave direction 1).

SHBOBRE

9~ 7RADFEHED O H TEH T 2WEOHMRIFIB K T X S EREL Sy F3hL
AVARKRTHET LW 5, 7~ TIRADEBED T % Head sea i3\ TIHRBBEFINICK 19 i,
FIPER 3 ICBOTEFAJICE 20 K7L 1z, MKk4E HMBO - c@% FRAL TV A0
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ﬁ Wove Direction 4 Wave Direction 5

Fig. 15. The response characteristic and coherency between the swaying motion and the
warp tension in wave scale 3 (wave direction 4, 5; See Fig. 9 for wave direction 1).

Wove Direction &

1§ 5 & 45,36 3 Zsec
Fig. 16. The response characteristic and  Fig. 17. Three dimentional expression of power
coherency between the surging motion spectra of the heaving motion.
and the warp tension in wave scale
3 (wave direction 4, See Fig. 10 for

wave direction 1).
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Fig. 18. Cumulative distribution of variation ~ Fig. 19. Distribution of variation in warp
in warp tension. tension at head sea for each wave scale.
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" Wave Scale 3
o 1 Head s
2 Quarter heod sea E=g3!115)§
60 Beam sea 0.1767
4 Quarter following sea  0.0946
5 Following sea 0.0387

50

40

30

20

0 02 04 06 08 10 12 14 1.6 ton

Fig. 20. Distribution of variation in warp tension in wave scale 3 for each wave direction.

Table 3. Chi-square test applied to test goodness of fit of Rayleigh distribution
and normal distribution to test results.

W Wave|{ Ship | Total No./Computed Value of . Value of
a.lv © | direc-| speed| variations| value of | n | Chi-square | Remarks | Chi-square | Remarks
8cale | tion |knots| in samplel E(ton) Normal Rayleigh
1 1| 44| 106 | 0020 | 8| 0111 |Verygood| 1.235 |Good fit
. fit P=0.01 P=0.25
2 1| 3.4 68 0.2890 | b 1.9456 | Very good 3 269 | Fair fit
fit P=0.15 P=0.40
3 1| 3.4 78 0.3152 | 7 6.426 | Fair fit 2.3756 | Very good
P=0.70 fit P=0.10
4 1| 35p 220 0.0293 | 3 5.709 | Fair fit 0.075 | Very good
P=0.80 fit P=0.01
3 2 { 35| 137 | 0.3009 | 8! 5.791 | Fair fit 3.549 | Very good
P=0.50 fit P=0.15
3 3 | 36 118 0.1767 | 9| 14.240 | Fair fit 6.263 | Good fit
P=0.90 P=0.30
3 4 | 29 83 0.0946 | 4 2.880 | Fair fit 0347 | Very good
P=0.60 fit P=0.02
3 5 | 3.3 96 0.0387 | 3 3.248 | Fair fit 1.62¢ | Fair fit
P=0.70 P=0.40
LA Wave Scale 3
Wave Scale 2 60
%
50 sof-
40} _/B(perimento( Histogram 40
;Theoretical Normal Distribution E£=0.1355
3o ¢ <*000258 %
20} leigh 201
E=00206
10f 10
o 0 1 A 1 I
0 02 04 06 08 10 (o 0 02 04 06 08 10 1.2 ton
Fig. 21-a. Distribution of variation in warp Fig. 21-b. Distribution of variation in
tension in wave scale 2. warp tension in wave scale 3.
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HEAI, ZHhEDL AL ADHOHESED CRERFEIGRTEI T, WIhDHFEL VAL
A9FE RZLT RV, RIZLEBRVHL SR, BENICEER2MI TOFHIRE 21 KR-TL5
ERBORLD e I BBUERSHE bR 3N5, BR3L Lick 3 EIERSMITIIEEL X
{725,

3. T—FERNOBKEDFH

b o~y A, BROKRELCIy, EHBBLE vV 4 FDRT T
o ZIVEELARELN, INSBIPBREDOREFF} E/RIOLDE L TRBFOY —Fihd 5
BEKEHOFRZRAZ, 7~ TEIDBHEOIHEBL AL AGHTH LD LFZDFRIINSHREKR
B Tmax 139 > 708 % N & THif Longuet-Higgins® i€k 5T

Tpaz = EM1-0112 m
6 = logN —log[1—1/26- (1—exp(—0)]  (2) THEALND
ULl, 1), @) RERNECHSCSATIZOREY S 5, RETOREESSLF7~7
EHO B 2 OWEOREYE MBS THRE 2, WHYWIHAVERIKI >TREINSH,
BAHLEEHO ERIE Heaving DEHIE —FK U, sBirh 3~9sec DFICA S, LIdi> TRALS %
2 BR, —SERR% 30~120 min & UT & ZOMICHET 2BEDEK, ¥ Fr¥id 500~5, 000
BEALGNS,
Ut o T—BERI 7 — Pichh 3 RAD PRBKELMEICHEL B 512D (1), 2) X2
Tok 5 ELL 17, N=500~5,000 D& T (2) KNid
o2 =a.N+b () tn3,

%8 a,b ROVWTIRERAKTTED TH 5,
I ETREIRL 12 9 — PR AOFHIE % MTton, Heaving D EHi % Psec, FE BIEA] % tsec,

Table 4. Comparison of 6/% according to Longuet-Higggins and
approximate from equation (3).

Sample size a— a— az a=
from 0.841x107¢| 0.675x107%| 0.166x1072 | 0.995x107%
N Longuet- b=2.53 b=2.60 b=2.44 b=2.04
Higgins
1 0. 707
2 1.030
5 1.366
10 1.583
20 1.778
50 2.010 2. 089
100 2.172 2.139
200 2.323 2. 239
500 2. 509 2.575 2. 523 2. 537
1000 2. 642 2.617 2.633 2. 606
2000 2. 769 2.701 2. 736 2.772
5000 2. 929 2. 953 2.937
10000 3.044
20000 3.155
50000 3.296
100000 3.400
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Fig. 22. The relation between root mean square value E!/? and mean value MT.

20 €=00426/(MT-05)

6

4

2
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Fig. 23. The relation between (E/2-MT) and S. Fig. 24. The relation between coefficient

¢ and MT.

MT QD 7 ~ 2B HOEBOR/MEE BAEDE% Ston & T
N=¢P “4)
EV2 2 MT OBEMGIE N ik a < zdud EV2 i3 K3 <z h, N HBREOIE EHO%E S ki

BERRKALEE, CRAETOREME»S Si3 MT © 2EBEREANII IV, S, ZOMER
BRORT S EX22, K23 LixB,

Zhd»b
Eit =¢.S24+ MT (5) %183,
B c i3 MT Ofiic > TED b, ZOBKIZE 24 TFR3IN
¢ = 0.04262/ (MT —0.5) 6y %3,

LIt o TRD 23 Tgs 1 (3) ~(6) X5
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Table 5. Comparison of predicted and measured values.

Predicted] Approximate
Sample | Experiment| from predicted
size Max. |Longuet- from E MT S a b
N (ton) Higgins | equation (7)
(ton) (ton)
100 9.0 9.02 10.1 4.156 | 3.614 9.0 [0.995x107° 32.04
200 9.0 8.9 10.2 3. 838 3 328 9.0 ” 4
4 6.4 7.2 7.8 3.123 2.738 6.4 ” ”
500 9.0 8.7 11.1 3.475 3. 046 9.0 |0.166x10°° 2.44
L4 8.6 7.5 10.3 3. 005 2. 625 8.6 4 ”
800 10.8 9.4 12.9 3.638 3.163 10.8 ” ”
1000 12.2 10.4 4.6 3.929 3.433 | 12.2 |0.84x107*| 2.533
1500 15.0 11.7 17.8 4.342 3. 752 15.0 ” #
(This data were measured on two-boat trawler No. 96 Chdyo Maru.)
T pax = (a-t/P+b) (0.04262/ (MT —0.5) .S+ MT)} @)

BHEEBN S, (1), (2) RE (7)) RNEDOHBHIF S5 ITRLU I,

AMUSD i F AR 2SO TIREPRD 7 — TR REHD 1 1/2 5 h, HET Head
sea T BEMBRHEDE LTI » & —H— FBEELHNRAEIOELU L K2 BTV 5,
ZOBHEDOAH OV AV ADFHERZINE» S, BHEFORKENHD FHicd 7) Xz HERALT
FWEBbhs, 7~ THRIDEHIAE L ZDEKEOTFRIIC OO TRMNFECERS,

E #

Fo -V BETONREEHEEANEL Y - TEARH D E T s kESicE T A RBOEER, #

Y —~ PRI ONWT B ERBUSES M, coherency > S IRD C EDHL D &L 512,

1. EATRO T ~FHEHIR, ZOKMMECK/NMNID > TH ZOLEHHRRED § OIIZEL WAEE
‘iqull\o

2. V—THRIDEENIEA OMASEVEREBIIFLTVIDTH Y, HCERMPHENL KD
N T Heaving DESIZZ0O I >HHRLTH Y, HHEDOEIIGEBNRI I BB D -
T3,

3. Heaving Ok Surging DEENA LN 3,

4. e BEFOMEESRBAR I IEERERTYT, R2LBEPHRRET I IDITIIRE
Fiz & ZBEPORBEE 2 6L 2L 520,

TV ~FEAHIROLTI

5 U—7EHOBEONMIIL AL A% T 5,

6. —HEPTFHING T ~PRIOBEKEREARCENIN S,

T pax = (a-1/P+b) (0.04262/ (MT —0.5) .S*+ MT}

3 3

1) XT#%E (1971). RGEB AR OTIENEKIc ST (). + v—amic B 5 REBiE s
v — 7 EAOEARE. dtAKERSR 22, 67-72.
2) AR (1961). MOBRPEHRIGEOFFNTRICOWT (20 2). HAERBSHIA 110,
19-29.
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Appendix 1. Computation program for response characteristic.

MAIN PROGRAM C RSP
DIMENSION  X(600) +Y(600) +CYXC131) ¢A(4) «CYXK(46) «SYXK(46) sPXX(46)+ KHSP

1 PYY(46) sPXXA(46) sPYYA(46) +PYXK(46)+C(46)+5(46) RSP

2 RESPO(46) «COHER(46) +PHASE (46) +CXXC46) +CYY(46) +STGMA (46 RSP

3 +SSK (10) «NEN(10) +MONTH(10) WNIT1(10) « JIKANC10) sMH(10) s RSP

4 TATEC45) s YOKO(45) RSP
DOUBLE PRECISION  NBCD(10) RSP
INTEGER  SS(10) ¢HEAD(10) «EP(10) RSP
CALL DATAON RSP
IH=45 RSP
K2=[H+1 RSP
IHC=65 RSP
READ(5+1) NOX RSP

1 FORMAT(15) RSP
READ(5+2) CACI)sl=1.4) RSP

2 FORMAT(4F10.0) RSP
DO 10 [=14NOX RSP
READ(5+3) NBCD(I) RSP

3 FORMAT(A8) RSP
READ(5+4) SSCI)vEP (1) «HEADCI) +SSKCI) vNENCI) sMONTHCI) sNITIC!) « JIKANRSP

1 1) oMHCDD RSP

4 FORMAT(3154F5.04515) RSP
MaMH (1) RSP
READ(5+5) CALIB RSP

5 FORMAT(F10.0) RSP
IF(1=1) 20+20+30 RSP

20 READ(5+6) (Y(J)sJ=1M) RSP
6 FORMAT(16F5.0) RSP
CALL SUB1(Y.M) RSP

DO 7 J=l.M RSP
Y()=y(J)»CALIB RSP

7 CONTINUE RSP
CALL  SUB2(YsCYY M IH) RSP
CALL  SUB3(CYYWPYYsIH) RSP
CALL  SUB4CPYY+AWPYYAsIH) RSP
CALL EPSRN(PYYASTATE sYOKOEPSIH) RSP

GO TO 40 RSP

30 READ(546) (X(J)eJslsM) RSP
CALL  SUB1(X+M) RSP

DO 8 J=1.M RSP
X(JI=X(JInCALIB RSP

8 CONTINUE RSP
CALL  SUB2(X+CXX¢MsIH) RSP
CALL  SUB3(CXXePXX4IH) RSP
CALL SUB4(PXX+APXXAsIH) RSP
CALL EPSRN(PXXASTATE +YOKOEPSIH) RSP
CALL  SUBS(XsYvCYXsMsIHCY RSP
CMAX=N=0, RSP

00 9 J=36496 RSP
IFCCYX(J)) 9411411 RSP

11 IF(CMAX=CYX(J)) 124949 RSP
12 CMAX=CYX(J) RSP
Nw ) RSP

9 CONTINUE RSP
KSeN=([HC*+1) RSP
KSa2#lHCe1 RSP
WRITE(6+21) D{1) «NBCD(1) RSP

21 FORMAT(LH1+3/vA845H AND 1A8) RSP
WRITE(6413) NiKS RSP

13 FORMATC(IH +2/7+v15X+sTHMAX NOW 10X+ 2HKS/1H0 19X+ 13,10X413/) RSP
WRITEC6+14) (CYX(J)sJnleKS) RSP

14 FORMAT(1H5+10X+'CROSS CORRELATION'/(1H0410F12.6)) RSP
KC=20 RSP
IF(ABS(KS) s GE+KCIKS=0 RSP
CALL  SUBGCCYXsCYXKsSYXKePYXK+CoSvAIPXXAPYYASRESPO+COHER'PHASEY RSP

1 S{GMA s [He IHCVKS) RSP
WRITE(6415) NBCD(1) RSP

15 FORMAT(1H143/+v10X+A8) HSP
WRITE(6+16) RSP

16 FORMAT(1H +2/+" S5  EP*«5X+'DATE'+5Xs' HEAD SSK M '+5Xs RSP
1 YIPSIRON® +/) RSP
WRITEC6+17) SSCI)vEPC)) «NENCI) sMONTHCID oNITICID ¢ JIKANCI) sHEADCI) + RSP

1 SSK (1) «MH(1) +EPS RSP
17 FORMATCIM «21543134215.F5.2+154F15.7) RSP
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18 FORMAT(1H +2/+5X+43HLAGY3X+11HCORR
1

K K = & #® 23(2).

Appendix 1. (continued)

WRITE(6+18)

6X+ FHCOHERENCY + TX s SHPHASE)

WRITE(6419) (L.CXX(L)!PXXA(L)'RESPO(L)vCOHER(L)~PHASE(L)‘L-1-K2)

19 FORMAT(110+5F14.6)

GO TO 10

40 WRITE(6415) NBCD(I)

1leTE(6-17) SSCIYSEPCIY sNEN(1) «MONTH ¢

22

23
10

10

20

1

3

2

4

1

o

0

o o

o

WRITE(C6416)

SSKCI) sMHCI) «EPS
WRITE(6422)

FORMAT (1H '2/\5X'3HLA6|3X-llHCORRELATlON'7X\5HPOWER)

WRITEC6+23) C(L+CYY(L) sPYYACL) sLnl+K2)
FORMAT(110+2E14.6)

CONT INUE

STOP

END

AVENUE AND THE DIFFERENCE BETWEEN X(1) AND AVE

SUBROUTINE  SUB1(X+M)
DIMENSION X (600)
AVE=0.

DO 10 I=34M
AVE=AVE+Xx([)
CONTINUE
AVE=AVE/FLOAT(M)
00 20 I=1M
XC1)=X(1)=AVE
CONTINUE

RETURN

END

AUTO=-CORRELATION
SUBROUTINE  SUB2(X+CXXsMsIH)
DIMENSION X (600) +CXX(46)
B=1./FLOAT (M)

K2slH+1

CXX(K2)=0,

00 10 I=1.M
CXX(K2)=CXX (K2 +X (LI *X (1)
CONT INVE
CXXCK2)=CAXCK2) *B

00 30 L=1+1H

CXX(L)=0.

CONT INUE

DO 40 L=14iH

N=Mal

00 20 [=1.N

K=l+]

CXXCLY=CXXCL) +XCKI#X (1)
CONTINUE

CXX(L)=CXX{L) =8

CONTINUE

RETURN

END

PART OF POWER SPECTRUM
SUBROUTINE  SUB3(CXXsPXXe1H)
DIMENSION CXX(46) +PXX(46)
K2=[H+1

IH1=[H=1

PXX(K2) =0,

DO 10 {=1+[H1
PXX(K2)=PXX{K2)+CXX(L)
CONTINUE
PXX(K2)=CXX(K2)+2, #PXX(K2) +CXX (]H)
DO 30 I=1s1H

PXX([)=0.

30 CONTINUE
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PXXA(2)=A(1) #PXX(2) *A(2) #(PXX(1)+PXX(3)) +A(I) #(PXX(K2)+PXX(4))+
1

Appendix 1. (continued)

DO 40 I=1.IH

DO 20 L=1+iM1
P=3.1415926/FLOAT (1) #FLOAT (1) #FLOAT(L)
PXXCI)=PXX (1) +CXX (L) #COS(P)

CONTINUE
PXXC1)=CXX(K2) 42 #PXX (1) ¢ (=2 o) un]#CXXC[H)
CONTINUE

RETURN

END

POWER SPECTRUM

SUBROUTINE  SUB4(PXX+AJPXXAsIH)
DIMENSION PXX(46) ¢A(4) PXXAC46)
K2=[H+1

DO 100 Js1.K2

PXXA(J)=0.

CONTINUE

1H1=[H=1

TH2=]H=2

IH3=[H=3

{H4=H=4

1H9=[H=5

PXXACK2)=AL1) #PXX(K2)+2.#CA(2)#PXX(1)+A(3)#PXAX(2) +A(4) #PXX(3))
PXXAC1)=ACL)#PXX (1) +A(2) # (PXX{K2) +PXX(2) ) +A(3) #(PXX(1)+PXX(3))+

A(a)#(PXX(2)+PXX(4))

AC4) #(PXX(1)+PXX(5))

PXXAC3)=A(L)#PXX(3) +A(2) # (PXX(2)+PXX(4))+A () #(PXX (1) +PXX(5))+

AC4) R (PXX(X2)+PXX(6))

PXXACIH2)=AC1) #PXX(TH2) +A(2) # (PXX(IHL1) +PXXCIH3) I +A(3) #(PXX(IH) +

PXXC(IH&)) +AC4) #(PXX(IH1) +PXX (I1H5))

PXXACIH1Y=ACL) #PXXCIH1) +A(2) # (PXX(IH) +PXX(IH2) ) +A(3) # (PXX(IH1) +

PXX(IH3))I+A(4) #(PXX(IH2) +PXX(IH4))

RSP139
RSP140
RSP141
RSP142
RSP143
KSP144
RSP145%
RSP146
RSP147

RSP148
RSP149
RSP150
RSP151
RSP152
RSP153
RSP154
RSP155%
RSP156
RSP157
RSP158
RSP159
RSP160
RSP161
RSP162
RSP163
RSP164a
RSP165
RSP166
RSP167
RSP168
RSP169
RSP170

PXXACIHI=ACL) #PXXCIH) +2. 8 (AC2)#PXX (TH1) ¢A(3) #PXX (IH2) +AC4) #PXX(1H3RSP171
1 M

1
30

10

12

30

1

[

40
20

DO 30 J=as1H]

PXXACJI=ACLI®PXXCUI+AC2) # (PXX(J=1)+PXX(J+1) ) *+A (3 (PXX(J=2)+

PXX(J#2))+ACH) #(PXX(J=3) +PXX(J+3))
CONT INUE
RETURN
END

CROSS CORRELATION
SUBROUTINE  SUBS(XsY+CYXsMrIH)
DIMENSION X (600)+Y(600)CYX(131)
KT7=2#[H+1

831./FLOAT(M)

DO 10 I=1.K7

CYX(1)=0.

CONT INUE

DO 20 i=1.k7

Jul=(]H+1)

IFCJ) 11412412

Ll=M=J

D0 30 N=1.L1

Kl=Jj+N
CYXCII=CYXCT) +Y (K #X(N)
CONT INUE

CYX(1)=CYX(I)#B

GO TO 20

L1=M=]ABS())

00 40 N=1.L1
K1=N+[ABS(J)
CYXCI)=CYXCII4Y(N) *X(K )
CONTINUE

CYXCI)=CYx(I)«B

CONT INUE

RETURN

FND
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90

301
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333
401

403
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210

101
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Appendix 1. (continued)

RESPONSE COHERENCY PHASE

SUBROUTINE  SUB6(CYXeCYXK1SYXK «PYXKsCsSaAIPXXA+PYYAVRESPOCCOHER

PHASE +SIGMA s [Hs 1HC4KS)

‘DIMENSION CYXC131) vCYXK(46) 1 SYXK (46D sPYXK(46)9C(46)+5(46) A (4D
PXXA(46) 1PYYA(46) +RESPO(46) +COHER(96) «PHASE (46) 4STGMA(

46)
K2=]1H+1
K3=[HC+1+4KS
00 10 [=1.x2
CYXK(1)=0,
SYXK (1)=0.
SIGMAC])=0.
CONTINUE
DO 20 [=1l+1H
JPaK3+]
JM=K 3]
CYXKCI)®CCYXCIPY+CYX(IMII*0.5
SYXK (1) =(CYX{IP)=CYX(JM))*0.5
CONTINUE
CYXK{(K2)=CYX(K3)
CALL  SUB3CCYXKPYXKs]H)
DO 30 1=1.x2
CYXK(]{)=PYXK(])
PYXK(])=0.
CONT INUE
JH1=[H=1
SYXK(K2)=0.
DO 40 1=1+1H
DO 50 J=lslH1
P=3.141%5926/FLOATCIH) #FLOAT(1)#FLOAT(J)
PYXK (1) =PYXK (1) +SYXK(JI#SIN(P)
CONT I NUE
PYXK(1)==2,#PYXK (1)
CONTINUE
DO 60 [=3sIH
SYXK C[IsPYXK(I)
PYXK(1)=0,
CONT INUF
DO 70 J=1.sK2
C(J)=0.
S¢(H=0.
RESPO(J)=0.
COHER(J) =0
CONT INUE
CALL  SUB4(CYXKsAsColH)
CALL SUB4(SYXKsASeTH)
DO 90 J=1.1H
P=3,1415926/FLOATCIH) #FLOAT (J) #FLOAT(KS)
C(N=COS(PI*C (I +SIN(PI®S(])
S(I) =COS(PI#S(II=SIN(PI®C(D)
CONT INUE
DO 210 J=1+IH
IF(CC)) 30143334303
SGNC==1.
GO TO 333

SGNC=1.

IF(SCJS)) 40144024403
SGNS==1.

GO TO 304

SGNS=0.

GO TO 304

SGNS=1.

IFCCCJI)) 30643054306
PYXK(J)=3.1415926/2.#5GNS
GO TO 21

0
PYXK(JIATANCS(J)7C(JI)+3,1415926/2+#(1.=5SGNC) #SGNS

CONTINUE

[FCC(K2)) 101+102+102
PYXK(K2)=3.1415926
GO0 70 103

PYXK(K2)=0.

DO 3500 L=1+1H

DO 550 J=1.L

Ké=jel
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Appendix 1. (continued)

IF(K4) 501+5024501 RSP280

502 K4=K2 RSP281
501 PK1=PYXK(J)=PYXK(K4&) RSP282
PK2=ABS(PK1)=3.1415926 RSP283
PK3=ABS(PK2) RSP284
IF(PK1) 60146024603 RsP285

601 SGN1=-1. RSP286
GO TO 666 RSP287

602 SGN1=0. RSP288
GO TO 666 RSP289

603 SGN1=1, RSP290
666 IF(PK2) 70147024703 RSP291
701 SGN2==1. RSP292
GO T0 777 RSP293

702 SGN2=0. RSP294
Go TO 777 RSP295

703 SGN2=1. RSP296
777 1F(PK3) 888+802+803 RSP297
802 SGN3=0. RSP298
GO TO 888 RSP299

803 SGN3=1. RSP300
888 SIGMA(L)=SIGMA(L)+SGN1#0+5%(SGN2+1.) #SGN3 RSP301
550 CONTINUE RSP302
PHASE (L) =PYXK(L)=2.%#3+1415926%SIGMA(L)=3+1415926/FLOAT(IH) #FLOAT(LRSP303

1 )#FLOAT(KS)+PYXK(K2) RSP304
500 CONTINUE RSP30S
PHASE (K2) =PYXK (K2) RSP306

DO 120 J*1.4K2 RSP307
CN=C(I)#n2+S (NI nu2 RSP308
COMER (J) =C(J) / (PXXACJI#*PYYA(J)) RSP309
RESPO(J)=SQRT(C(J)) /PXXALY) RSP310

120 CONTINUE RSP311
RETURN RSP312

END RSP313
1PSIRON RSP317
SUBROUTINE EPSRN(PXXA+TATE +YOKOvEPS« IH) RSP318
DIMENSION PXXA(C46) +TATE(45) 1YOKO(45) RSP319
Ki=miH=1 RSP320
K2®[H+1 RSP321
P1=3,1415926/FLOAT(1H) RSP322
YOKO(1) =0+ RSP323
TATE(1)=PXXA(K2) RSP324

DO 1 I=241H RSP325
I1=1=1 RSP326
YOKOCI) =FLOAT(11)#P1 RSP327
TATECI)=PXXAC[1) RSP328

1 CONTINUE RSP329
EOl=EQ2=E21=E22=E41=E42=0, RSP330

DO 2 I=2+K1+2 RSP331
E0L1=E01+TATEC]) RSP332
Y2=YOKOC]) #82 RSP333
E21=E21+Y2#TATEC]) RSP334
E4l=E4leY2RY2#TATE(]) RSP33%S

2 CONTINUE RSP336
D0 3 I=3skls2 RSP337
E02=E02+TATE(1) RSP338
Y2eYOKO( 1) #a2 RSP339
E22=E22+Y2#TATE(I) RSP340
E42=mE42+Y2#Y2#TATEC]) RSP341

3 CONTINUE RSP342
EMO=(TATE(1)+4.#E01+2.,#F02+TATECIH) ) #P1/3, RSP343
EM2= (TATE(1)#YOKO(1)##244,#E2142.#E22+TATECIH) #YOKQ(IH) ##2)2P1/3. RSP34a
EM4= (TATE(1)#YOKO(1) ##4+4 . #E4142 4 #E42+TATECIH) #YOKOCIH) ##4)8#P1/34« RSP345
EMO4=EMOREMS RSP346
EPS2% (EMO4~EM2#%2) /EMO4 RSP3a7
EPS=SE@RT(EPS2) RSP348
RETURN RSP349
END RSP350
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Appendix 2. Computation program for Rayleigh distribution
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and normal distribution.

DISTRIBUTION POPLTL
SUBROUTINE  DISTCXvAVE sMH+ 11 +CE'MMAX sMMINsSTGMA s GKAT sRKAT vEVGEVRPOP172
1 ADIV¢MDIV4RDG+SV B+ JH) PDP173
DIMENSION X (600> ¢AVE(32)+CE(30)+SIGMA(30) +GKAI (30)+RKAI(30) POP174
1 AGIVEI041) MOIVEI0440) WRDG(30+40) s JH(30) POP17S
INTEGER  EVG(30140) yEVR(30+4C) POP176
REAL  MMAX(30) «MMIN(30) PDP177
GXATCTTY=RKAICI ) =CECTI)=51GMACT 1) =0, PDPL78
DO 1 1=1WMH PDP179
CECIDI=CECITI+XC1I#X (1) PDP130
S1GMACTII®SIGMACT I+ (XCI)=AVEC[ 1)) ne2 PDP181
CONT INUE PDP132
CECI1)=CECT DY /FLOAT (MI4) PDP183
STGMACITY=SIGMACI L) /FLOAT (Mi=1) POP184
CALL  MAXMIN(X+MMAXsMMIN«MH I 1) PDPLS
Cali. HISTOLKVAVE JMMAX WMMINGAD TV MD IV oRDG e MHe SV oB s JH 11) POP186
senal SQUARE TEST OF KAYLEY DISTRIBUTION PDP18T
D0 3 laleJHCID) PDP L8R
EVRCEXP(=AD (VL[ 1) %%2/CECT ) =EXP(=ADIVCI L I+1)#42/CECLI))INFLOATPNPLS9
1(MH) PDP190
EVRCIT 1) EV POP191
IFCEV) Se845 POPLYZ
SA=Q. PDP193
30 70 7 PDP174
SAT(MDIVCI [0 1) ~EVI ##2/EV PDP195
RKATCLT)=RKATCT1)+5A PDP136
CONT INUE PDOLYT
#urcAl SQUARE TEST OF NORMAL DISTRIBUTION POPLY8
S1G=SART(SEIMACTTD) PDP199
P=3.1415926 PDP200
DO 4 1=1sJHCID) PDP201
TL=C(ADIVCI TS D) ~AVECTI 1)) /516 PDP202
T2=(ADIV(I141+1)=AVECI[))/S1G ppP203
Ple(l.~SQRT(1.=EAP(=2./P*T1e#2)#(1.,+T14#420.008692)3)/2, PDP204
P2 (1, ~SQRT (L.=EXP(=2./P%12ux2) % (1s4T2%%420.008692))3/2., PHP205
[F(T1) 11432412 PDP206
Pixl.=p1 POP207
TF(T2) 1341314 PDP208
P2m=1.=P2 PDP209
EG=(FP2-P1)#F|.CAT(Mh) PDP21G
EVG(I1 1)=EG POP211
IFCEG) 84948 POP212
SA1=(. PCP212
60 TG 12 PDPZ14
SAL=(MDIVCITs1)=EGI##2/EG PDP21%
GKATCITY=GRAT (1 1) +5A1 POP216
CONTINUE PDP217
RETURN PDP218
END PDP219
HI5TOGRAM PDP142
SUBROUTINE  HISTO(XsAVE JMMAX ' MMIN sAD TV AMD IV RDGyMH SV B JHa 1 1) PDP143
DIMENSICN  X(6G0) «ADIV(30+41) +MDIV(30+40) sAVEL30) +RDGC30440) » FDFlas
1 JHC20) PDP145
PEAL  MMAX(30) «MMIN(30) POP146
PO 2 =140 PEP147
ADIVCEL12=MDIVCTT oD =ROG(I 14 1) =0, PDP148
CONT INUE PDP149
ADIVCITe1)=SV PDF150
JHCI1)=0. POP151
D0 9 Jm1.40 PpP152
ADIVCI T J+1)=ADIV(11+3)+8 POP153
DU 11 1=1MH PDP154
IFCADIVCIT o J+1)=XC1)) 11411412 PDP155
[FCADIVCIT«JY=X(1)) 1C+10411 PDP156
MDEVCITaJ)=MDIV(ITvJ)¢1 POP157
CONTINUE PDP158
JHOI D = H (1) 41 PDP159
TFCADIVEIT v J+1)=MMAXCET)) 949413 POP160
CONTINUE PDP161
ROGCIT«1)=MDIV(I1+1) PDP162
DO 14 I=14JHCII)=1 PDP163
RDGCITa1+1)=RDGCITA1)4MDIVCITo141) PDPL6G
CONT INUE POP165
DO 20 I=1.JHCII) POP166
ROGCI1+1Y=RDGCIT+ 1) /FLOAT (MH) PDP167
CONT INUE PDP168
RE FURN PD®169
END POPLTO
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