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A Seakeeping Test on a Container Ship ‘‘ America-maru ”’
on the North Pacific Ocean (Part 3)

by
Akihiro Ogawa and Kohei Ohtsu

Summary

This is the last report in series ones on the seakeeping test in the 25th voyage of a container
ship ‘“ America-maru”’ of Mitsui-O.S.K. Lines Ltd. on the North Pacific Ocean. As we mentioned
in the former reporis’® on this voyage, roll, pitch, yaw, lateral and vertical accelerations at F.P.,
longitudinal acceleration at the navigation bridge and rudder angle were measured and recorded on
a magnetic analogue data recorder.

After these data were converted into digital ones by an A-D converter, firstly we examined
the analysis what we called “ statistical analysis”’, namely the fitting to the Rayleigh distribution
of amplitude frequencies and mean periods in their time variant records. Secondly we analyzed
them applying ordinary ‘ power spectra’ method. Finally we tried to apply the well known
“multiple input analysis” introduced by L.J. Tick®, H. Akaikes’, Y. Yamanouchi” and others.
In this analysis, we mainly took aim at the yaw and the lateral acceleration at F.P. as the output
of the system.

These data processing and various calculations were executed almost automatically on a digital
computer.

We can summarize the analyzed results as follows.

(1) In order to avoid a heavy roll in a rough sea, it is very effective to reduce speed or to
alternate course to some moderate value.

(2) An anti-rolling tank (A.R.T.) is effective, but users must use it with due regard to the
ship’s encountering period with waves.

(3) The radius of gyration of roll is estimated to be (0.67~0.70)B/2. Where B denotes the
breadth of this ship.

(4) The frequency distribution of full amplitudes of the vertical acceleration at F.P. may be
approximated to the Rayleigh distribution. And also, we can obtain natural period of pitch from
its distribution.

(5) The londitudinal acceleration at the navigation bridge in a head sea condition becomes
about 0.3 times as much as the vertical one at F.P..

(6) In the so-called statistical analysis, we can estimate the natural period of pitch, but not
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of roll.
(7) The record of pitch represents the encountering state better than the other modes of
motions.
' (8) On navigation using an auto-pilot, frequent full amplitude of rudder angle is nearly about
10+ degrees in a rough sea and 2-3 degrees in a moderate sea, but even in the former case, the
maximum full amplitude does not exceed 20 degrees.
(9) Generally, the setting value of auto-pilot has indirect influence to the yaw angle.
(10) The relation between the standard deviation of power spectrum and the mean full
amplitude H may correspond approximately to that of the Rayleigh distribution.
(11) In order to represent the mean period of zero crossing, Tougs, which is obtained from
the second order moment of spectrum, is suitable, though 7us, from the first order moment, does
not make so much difference.
(12) According to the multiple input analysis with regard to the lateral acceleration at F.P.
and yaw as the outputs, the assumed linear relations between inputs and outputs are very strong
at the neighbour of the peaks of power spectra.
(13) The roll contributes strongly to the lateral acceleration, whether the anti-rolling tank
acts on or not.
(14) If we put the effect of the feedback loop between rudder angle and yaw out of
consideration, it can be said that the rudder angle contributes most strongly to the yaw.
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Fig. 3.13~3.18 OHFFITEEZ R 5 &, Yaw &fiE
ARV T, HBRFOE Hms B3ICHERME Hp
OFE H it 2BERITHEIR  «=0 OERIY
BfREE->TVh, TOHEHIZOWTRRICESS,
Hipe w5 ez o—BizeRBEL 52, thidds
RIBDT — 2 BRI OHIR» SFIRTH 5720
Th b, WAL FHEORMEZS Pitch, Roll, ETFhn
HETRLEBNELELE > TVS, TOHRKDI IO
X5 hES T EKR 3~3.5 ORELEL TR
X5ThH5,

R FICEEFR AT b5 LEVE 0 7Ry b
LTdhD, zhizxhi¥ os b Rayleigh 37DBk
KIRES - TWwBZ bk b

Yaw & fEMHIC oV TIE 3.6 HiCl~7z X 5 mA4F5k
Wb, MLTEEEVPEVWI LRAHTHEBETE
5THAHI,

ROMRE O 7 OBRT, HIEKHFHEORE WK
Hrmux SHREBRHEL D EPITKREL LI EMRD5S
2, Zhix Fig. 3.12 D A /5 ATHB LI,
KIRIBOFF DIHE R LR S\ TH S, Rollde 2
b /52 (Fig. 3.8) Wiz iud FEELEMSR D
NIENT Ed D, THIRIRIEC X 2 RE»R 2 [N
hT, REE2EToRDEEZLNS, AT 3.5
TARY b5 ADOFIE Roll XHILEE L BTV S
TERIEH LI, 0BT DI LTI EORES
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BbhTnb

%, 2IREOIEE D Rayleigh SHA~DHTIEH
i, ARTRT - 2 OFHHCHT AR ERE R
Fwwie s, Fig. 3.7~3.12, Fig. 3.32~3.34 R
2RBLe XD or BHESSFBEEENRRSED
I s wcBbhs,

Fig. 3.19~3.24 A ORETEMORRTH 5,
9 To KHBT B AR b5 ABIFHEE LTIE, ®
0 Tos OFERLEAINT Tous XD HPORELED
R, BEHIv.

Roll L Twm FEEALEL BIC 7~8 B LTS
wERL TR Y, Yaw, HINEE, #EAE THH Pitch
OEE BT ERS S 0 X 5 EORREKEY, T
et LT Roll TiE Tos D LDFREE - TV BA
PEERBCHG LTS X5 TH5, FREITI,
HAERSEEEN X 0 ErwBaicE Tn S08HE
Bz, ToSEREERSEREL, BFoBEIIHEL
BB XS IBbhss, MEEICEBHORNMNIL 5T
DFLDZOL ST > T, A DR
PMEELTWAEERIELOSVWIRGRBE LS5
L BEEMEED Roll i Pitch oMiz@» b5,

RE ETIMEEOTHRAML 2, 3 omkkRvwidE
Wb LTk, ¥r/ A, PeaktoPeak L {HiT
BIERBEDET, Lo b Pitch o Peak to Peak o
HX D RRPNIVBEDTEV, ThbaZEx b
% & Pitch OFEHBEIIIENRE 6.5~7 8, HEMRE 7
PEigEcREr o EBbh b,

DLEDEED D 5> —>DHAFA Fig. 3.25, 3.26
D os~0r, es~er LR LN, EF & 13 (3.12)
DXSTEHEINTEY, YV IFBO—2DAF7 XX
— o TVD, THEXFLT or RZORBFDOER
IR ADRKIFEE L > TWEDTH B2, (3.12)
T Tw=To LBV EiCRY, LT e=07F
714 Rayleigh HITEIEINTWE L &R D,

Fig. 3.25 ¢, Yaw XfEALSLTIE os=0r TH S
LEZDN, b EDX S RPEEICEE L
FTHELAESE LY (ERTRETE or OHFBR
L/NEN) T —RFRTERG D, & FRRICHTELD
ISIARZ P T LADOWRDE— 2V P OFEHR (F
b oIS OSMITE - TWHZ LRHE LN

b, COBAes, erB0THRVZEE, ThbHiExd-
LR WIREE D EAR LA A LA Y —ZDWTHE
FLTWAIZDT, as 2 or 2 e=0 OHMTInB T
LEFETBLOTIRE, TRODEHICED, §]

(179)
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o Fig. 3.13~3.18 @ gs~H DA Rayleigh
LA THRDZENEFINEDITTH D,

Yaw LFEARD o5 2335 Y E¥BKREL, LHrd or
EDPNEVBEBREN DL, MEBDORARS T AD
EESTHIERERSZINET T EDDOERD
HERTHD, EnSV FIEAT A2 —~TRTH, B
FEAD e 12 1.0 1BV DB, BRELTIEAN
Y ZASIRCESNWTWB T LR B,

SRV FIBART R R~ TRBOD 5 ORME LT IE
BT, HEEBGRR EFME v, (Bh—R2
Fahe T. No. 27 33k iR ikiBob0Td
3), THIIFEMREERIC Ko TWBHT EE FTHD
=, Pitch oFEEAMOPERER <AL TY
srrnchebb Bz s, chiextL T Pitch
% Roll CIHARMPOEESMB A-TERY, KT
Pitch T3 % QEMMBRVD2 S, 5L LTOHEBR
FE iz Pitch 0Fi#kz Zh oA T v, L
ELEAVSNBEERII—EILIDEET RS,

4. PEEMEELS LT Yaw ([
BT BEANARYT M T LER

ZDBETIX, EANARY +F ABITOFHETX »
THEOERTHEEINREBOEEOHT, Yaw i
T UM E G (Lateral Acceleration at F.P.) i
WY BfoiE 4 OERY S OMAFEE, MIERD
JERERIRES T DN TR B,

4.1 ZBANZARY T LBBRE

B ANDOHRESLT, B DANEFH - LROIGE
BRICET 2 AN AR L F ABTOELE, TR
¥R, SEGEE, o Tickd, e, [LRD S
o THELLE IR TWBDTU TR VT,
BAFN AR + 7 AR OES, B4 OHEROER,
BWE oW TEHEICRRDRED S, 1 AT1H
HOBRITTDBEDARY + 5 AR LHS
NTWBR, ZANARS b T AR, ThEEA
Rt 1 A DBATHRR L A RiCx T 2T & & &
PERV, TRbbEFHEEORDIT, RITHETH
B oy 2, EEHBRTHS kE HOAHDO—D—D
Zi(t) AN ENERGE UK aHA vi@) oFT,

y(t)=i§1yi<t>=tzZ:1hz-<r>xi<t—r>dr @1

LEZONDHEEROERS, BR2EECTID
W, KOX5K~< b 7 ARREEET S, Thbb
k{EOAN %,

(180)

z(t)=[z:(t), xa(t), -+ , )] (4.2)
FRENDOAS 2uf) 2> SHT vi@) T 2 EBE LK
CERE,

H(w)=[Hi(w), Hy(w), - , Hi(w)) (4.3)
AND 7w AARY + T Lk,
Sez(@)=r Si(w), Sulw), - Sk1(w)

Sis(w), Swula), - Ska(w)

Sik(@), Sulw), - Si(@)
Lt 5L, B—ANOHEAHET 5EGER» SRS
5L, D+~ A7 54 Splw), BHEEX
HEDIruEARRY } T A Splw) VX, ThLh,

Syl w)y=H{(w)+ Szafw)s H* (w) (4.5)

Sya(w)=Sza(w)- H () (4.6)
LEDLTIENTELZLREZHITOH»ED, KL,
* ENEILEITRNR, £ ¥k, METHEERDT,
(4.5) &, 4.6) XS LNERISEREZ K
HBHE,

(4.4)

| H{(w)|2=Syy(®)/ Szal @) (4.7)
H(w)=Syz(0)/Szz(®) (4.8)
TH 5,

LB, @DHhbRDde He) &, (4.8)5 5K
e Hw) $ib5TLd—FK LV, Tibb, (1)
FOWEB—RICBE TR VEE, @ATI Gauss i
BehWge, QOFRBBAETHY, AN Gauss i@
ThHoTh, HACKHETZTXTOANZID EF
TVWEWVWESE, OMEH»ORRETHROIN»HHEFHHE
ALTWAEE, RER—HLEv, MES—HTD
DFE, ANETRT Gauss @32 T, LOHNCEER
Bz 53T RTCOESEZEERCANTE D, TORDWG
MR T, ARNOBECHEZTOALRVEE
ThbH, TDOLE, WE»LRDIEFEIGERHRD
teF7mb% Coherency BE¥k 73(w)

Coherency; rz(w)=‘ ?mgg lg / gwgzg (4.9)

W1icizd, Lelasd, BECE, EoX5k
LSREDTENREETH B, LT TEANARS b
Z AR DR RIS S 2 L S EEN T EDR
HEEL LT, ANiE Gauss @R, [GERBHBET
BT, HABEEOER AN LEMERL (Tab
L—REFROEY) #E al) THINLTVIHER
25, Tabb,
E[x({t+1)-n@®)}=0 (4.10)

<, W1 v@) i, BEOHEH y@) THEE n@) Bhnb
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.3)

.4)

T
-

.5)
.6)
ZL,
>F,
RSk

.7)
.8)

253k
>y (1)
ass 18
Pl
VBV
THNE
s )
Z 22
YOG
B
o

.9)

V755
A/
SD%
T
g s)
R

10)
Shnd

5T,

y@)=yu@®)+n() (4.11)
LRbEIFEEE XD,
D%,
Syy(@)=Syyyy(®)+ Snn(w) = H* () Sz2() + Snn(w)
(4.12)
Syaw) = Sygz(@) = H(w) (4.13)

L7t » T, Coherency jZ,

;—2(0)):1—%%%:1-5/82,1,(@) (4.14)

4% b, Coherency 1%, 1 X WMZDOANRS + 5
A REF/NEIRER & B, 3T 21E Coherency jHY
NOPECEEL THAPHEST L > cEnbnFEh 5
PETTIEETH S, ZANDOE4ED, Coherency %
Multiple Coherency 7%yz(w) & LT,

Multiple Coherency;
1

Pre (@)= Sn(@) Hw)Sf(0)  (4.15)
EERTNIE, B—ANOBRE LT 5% 5%
5, ITiEL, ZOHE, HEL V- THHBIRRS X
SCRBICIERT LTS 5,

e, SLREEEZFEDT, ERBFRL2E 2N,
L OMEOPINE, ISERBORTANLEILT 5K
ST LB TRIATER VRSN TRTAD 2
EEzRIER DI, T, HBIEE, ROIEHAME
DOFEE H Multiple Coherency 7 5415 Z - T E % .
ZDOXS5RLT, EANARYS + J AT REL LIS
x5 2 58T, ANEFT Gauss BBT, %
&4 BV IERAE OB AT, BIEROMZIIAT L
WEMBE OB A TH D, Z DL X Multiple Coherency
ERBZERE ST, ARNEEZESBENREN
RMATFEZ LTV 5, BowvwziE, b o &ituck
HOBHDANED 25 E 55, [SERCIEHIM
T2 ESp EOEBMLMITE S, F i Ticky
DRV FHA AT + 5 ADEHREPEFES &, FOft
DA EDEELH B VS FHTOD BEEDA
N 2ill) O, [SEER y@) T AMBEESELED
3 Partial Coherency %,

_ | Syj1z...7...u(@)|2
Sij13...7 o xl@) Sygyg-12. . (@)
(4.16)
LERTDIENTES, 2L S xlo) 1
Tick® DAV REHEMFRARS V5 AaThHD, ZOFE
BEfv s & BRI EEE Hio) 13,

Hj(w)=Hyjag...7 k(w):%j—ll—:——;——sgz—; (4.17)
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LRDLTZERTES, FWOITZOX 5T L THRD
7o Hyw) OHEEE Hiw) OERIER % kDT 5,
HINEED 12, FERIBRE x(t) OIRRBIME 28 5 H e
DPFEE LT, FEE (Skewness, s) 4LFE (Peakedness,
P) BEFRICHEHTHD LT L, WEAR 20)
OEHEL, BROVBEELVDIRKE~ A | OF
YHE ps & T OIBMERE o TIEE(LL T,

U
S:‘-‘———(aﬁ):/2 (4.18)

FRRE P IEFUL ARE~ AV + OFHIE #4 #1E
(L LT,

B4
(a2)?
THEZON5, BES T Y 2B TH LRITEREL O,
REIX3THD L EIRMCENL 2 2B TE B,

L7t oT, ZORE, REZFEIESEANRRY
FTARMEAT HHATEE L\ AT Gauss ¥E55 %
SBRE®»DBND,

4.2 FAROFIE

SEBAEINZEEOHEE» SN E LT Yaw, 3
XURE TR 2EMEELBY, 4.1 TRLEZA
NART b7 AR T o 70, 2RO DPEADAN
1Btk %E Fig. 4.1 Wiy, 202 o0@EHEH AL
LT D L asdg, 4 EfE L EE » 5% 2 T,
NG 2 DORGERNTH T 2 LW LS OER) & DBE
PRV EFEX L THS, 275 L, Yaw #HHE
Licsid, fEAZANE LTHREALTWSC Ltk
BrETS, ZO20DAHNBURIE Y «~ Foly 2
BRTHY, 74— FR o s N—THELTVEAT A
RI LT AT OMRE L TIERRREY Th 528,
ZDOWETIE, 74— o 2i3EzvdbolLT
WhHik-Tnwb,

T 4.1 THBT2 X DI AT &R LinEENI & v
AEBECT EBEELL, TORDEE s, LFE D
ZRVCTIEREEDEAL L 57,

GANARY © 5 LR OREIET T 2 Y 5T 5
O OFECX > THREINTWE T RS T Ak FH0
7o VAV EFUIREULAFC XS W £ v FyD
RV,

FRIT OXFRIT T E LT 25 DM OSSR TH 5,

4.3 BRORER

EANNARYT v 7 6B E{TR S LTORETH S
ANDH 7 A E P D B D EHE LB, LE
D EHEROP» S, CORELMREL TV EERD

(181)

p= (4.19)
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Table 4.1 Skewness and Peakedness

T ' SKEWNESS PEAKEDNESS
. No.
P. R. Y. R.A. L. Acc. P. R. Y. R.A. L. Acc.
3 0.12 0.05| —0.02 0.16 0.02 2.91 2.80 2.71 2.70 2.55
6 —0.02 | —0.10 | —0.40 | —0.07 0.03 2.99 2.64 2.62 2.10 2.91
10 0.01 0.41 0.05 | —0.15 1.51 2.90 3.31 2.83 3.02 5.32

Note; P.; Pitch, R.; Roll, Y.; Yaw, R.A.; Rudder Angle, L. Acc.; Lateral Acceleration at F.P.

NWOERBESEREALT, B 2T -7, ZOREENR
T ERFE S ORE (Skewness), 42 (Peakedness) |,
F & T Table 4.1 EiRd, BECZOEDT — 4
DEBBEB VO THETE RV, TOMOKBREE
DOEIEZEPED L, KEERHTRORDERIC
X, R, JRITE - TIR, HYOIES Y AWBEE
T5 L3 RERMESR TV S, FITHEWIEART,
BOMEEE, Yaw OIS v RAEEE VB AR DD, 20
ZEMBITHAELTZODOERZBLHERE D
ol

4.3.1 MEEMEENHHOBE

#on#E (Lat. Acc.) ®HJ7ic, Yaw, Roll, Pitch
fitA (Rudder Angle) 2 AT &Y, $ANARS b
7 AT R o R OR S S, RERMRHEEL
T T. No. 3z oW TKRitT %, BZOEERTS
T. No. i3 3 o T. No. FUCboTH5, T.
No. 10 @ Multiple Coherency % Fig. 4.2 iR L,
T. No. 3 ® Multiple Coherency % Fig. 4.3 (a) iz,
AN HHINCHT 5, B KGER K ORES T
(Amplitude Gain) % Fig. 4.3 (b), (c) iz, DAl
{# (Phase Shift) % Fig. 4.3(d) wR3, ¥z, #h
ZidAJ]D Partial Coherency % Fig. 4.3 (e)~(h)
KRT, ZhDDREEPDRICHELT 2 X 5 2igiHmss
Bohs3,

(1) Table 4.1 DOAHDOEE (Skewness), RE
(Peakedness) Offix 8.5 EBRE, REL HH 7 AHER
DEPSELRAV TS, 4 OEBROERE VD
T, TOBEDOXVRREVI/NIVRIIERTER
Wk, TOBIEAENEVIINEWE WS TE
v,

@ T. No. 3 (Fig. 4.3 (2) ¥4, L TE
ZIHINEED 7 — A7 + 5 4 (Fig. 3.6 (a) &
1B) BE~ 7Tk 3EEEMIT, HnEECEE,
REH 1) THRAERTHOBRITEAT Gauss iy
BT VWELR & b, L2 3d Multiple Coherency 234

(182)

DOEEKMET 1 KD TEWEEZRLTWS, %
7o, BRENTWRVIBMEXTIRZE b & OFERE BT
B ThEL, & LTHESRY., Zhbozt
b, ANTELTELR 4 SOEED D OHRANESE
DD T E VR B,

(8) 77U, Tabled.1 2% % % T.No.10 DEED
IR DT, 4B T. No. 3 1z~ T Gauss ;G
OiED LR TW5, £O L &XIST % Multiple
Coherency H %7 — A2 } T ARBY — 7 T BEK
BAET1 X DA ReRELTWSFg.4.2), 20T &
v, BIERRCinb 54T, Ric, thoiFogeL
FIRBE X ThE, AN SORBARBEOTERVE
Gy Thbb—fRL THE LA LRGERS DRI
V¥, ST L 2 Shvas S ofbic AR ERIL O,
F ik, ABNMOIEREEKIC X BI0E, £ i,
ENLENDAT0 5 OIEMBLISET X 58S DIREA
LTWBHEAEED DD, TRD7 « ~ FYy 7RDOFE
EOREBLIERTERVTH A,

(4) iz Fig. 4.3 (e)~(h) @ Partial Coherency
%, HEINEBE D Multiple Coherency D& < T 5 FEk
BAHETH5E, BIEECT 5BMETESES KD
HEUGEENT Roll THY LirdEEL TS (Fig. 4.
3(h), Pitch BIHEHEL, FTEETH 3 (Fig. 4.3 ().
Yaw $ $SRE S5 E VD Roll m#e~s %L 5,
% 7= Rudder Angle %, ©<ERMOREIFEHILT
WAFSERKEV, ZThHDZ L2, EMEER
BLHUHCHFS L TV 5EENE Roll ©h5Lwvi
5,

(6) ART. 2L GERD, REFSEDMR
SDNFTZES T,

(6) AEMICEBEORBIEEZMI T2 L, &R
B L, BRAREAE, @ RT3, Zh
BHARMEEE L, AS1E LT Roll &, Yaw Fix
EDOFERAE L c/edTH b, THRbLMEEDHE
WS EBRMIT, INEED 2 S Th S RAOEN




AT
LD
DR

BISEERC o/ ZETBTLicX-TELN,
Liots » TIREERAI OSSR SR B REE S B
%, EicHk T HEHT Roll 23, £ OEEEOH VAR
P TR RELRERZ L - TR, ERERINT
WV E DI EREII NIV ES D, ThEDHF
EHETOREIT Roll DISERBOHEEEIZ» I
EaEWwEELLbNE, Ly LECEERMTIEH S
SLELHTHBRVOTRAV»EIELLNRD,
6) FEEBISEEBOMERETIE, TOFS5ED
VAR BT T Roll SimERE xS L T v AL 48 53
180° HEATEIBYTHB, L LERITART, L
U OHEREIIE L, flxE ART. pMe@do
PBa L oIRTiEm 2 by, EREDOKRE WA
ThX, BrFEEESS 360° OEHMTREIRR L EOHE
ZEFTVWEHOELEDNRS,

M ZhbHOFR» SHEIEEOERIZ Roll ¢
n, Yaw Bzhicik<Ewvzx s,

4.3.2 Yaw RHADES

Yaw % H 51z, Roll, Pitch, fEAE AN EE 2B
LSOMITRER» S, RFENEFELT, T.No. 3, T.

No. 6 ZREA THITT 5, ABOX 57 4 — Fo3y

yBGRO B BHEA L Yaw # AH T & L TH AT
TR DOELETLIMETRAWS, I TR
NEEZEBCANTVWTRERFZ LT3, T. No. 3 12
BEngfes, T. No. 6 3F#higftrhcd s, T. No
3, T. No. 6 ¢ Multiple Coherency % Fig. 4.4
(T. No. 3) 33Xt Fig. 4.5 (T. No. 6) @ (a) iz,
2 A D Partial Coherency % Fig. 4.4 & X ¥ Fig.
4.5 ®» (b)~(d) iz, Amplitude Gain Z[F L < (e)~
(g) iz, #LC4® Phase Shift % (h)icFR®T, ZH
SO & Table 4.1 LBBRD X 5782 L85 5,

(1) Table 4.1 p25, ANELTHE 2K 3 DDBE
DOH Yy AMEORERZMB T LEHESR, ZOMHESY
v ATVl £ S I ERAR R THIE T &RV,
Lol 4.3.1 WBWTHBRLX 5L, chso T.
No. Tz, R bR X D AT Y 7 Afkic
HEWEZ L 5 T35, =KL T. No. 6 OftADIES
7 ABIEE,

@ TzD2o00FERD Yaw DY —Z 7 } 5 4
2R3 BB T. No. 3K 3B CHERAD
&< 0.2~0.3 (1/sec) (1T & AR © — 7 iz,
X VERENcbE—2728350, VWb ERER Y
—ARY +FAER 5 TWS (Fig. 3.3(a) T. No. 3),
T2 FRfEh o T. No. 6 i3, WEFERRICYE —
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793% %5 (Fig. 3.3 (a) T. No. 6), —75, Multiple
Coherency # R % &, HENEEDPD Yaw D37~
ARI Y S AD2ODY — 7 D HEERKME T,
1 KD TS, AHELTE L3 D2OEEH» S,
Yaw ~OBRBFSEIITHTKEVTEEZRL TV
5,

Ldic, FEiftho T. No. 6 T, Multiple
Coherency 3, KEAEOTRITHRD LIGAWEEZ LS
T, ERFRELETHSD S, ZOTELEAHELT3D
DEBINCEFET 2 LEXONDEBHRHDH,
MASESR LD, HEIWIIEZEPOMSZTHS
LhFExbhd, L LFBHEEC I 2EREZO 1
DREFTHBEDT, FLVEZDLE LR,

(8) Partial Coherency #%1xh Yaw D37 — D3
VAR THRS L, &3 T. No. 3Tix, fEAD
FNHIEFIT LIIEWC 23 EHEH &R 5, —F Pitch,
Roll @ Partial Coherency 13, = OFFEMETE 4
0.6 LKL, TO20oDEHOMBFEEIIAZLL
Vo 42 LT % Multiple Coherency 5z Df$ETIE
HeRWZ b, Yaw OMER T —2_7 } 5 4
I L CORERBOMBFSER, MY — sl T
CHED TRV Z E D Eh 5, (Fig. 4.4 (b)~(d), L
2L, RUDIBRIBY, fEAL Yaw ORICIE, 7
1= F Ry 7T 055 LI T5EE LRTHE
BB,

(4) Wiz T. No. 6 ¢ Partial Coherency % Yaw
DT ~DEWBERAFIR TR S LS IcfEADHE
NEEL, FERRERTD, Yaw EEERETHRAD
MR ELZZT TV EFELLN %, (Fig. 4.5 (b)~
@

(6) FABEPICERBEERTT 5L, T. No. 3 0
BIORGFMB D B, ThbbiEAE, KERDHT
B RACTR-Tw5S, % Roll iw#g T Pitch
DISEBISAE Y, Pitch & Roll oA AEDED)
TxPF BN Pitch 2388y, 3Eizks WA LeN
72X 5T, Yaw D37 — 227 b T ABWERDLE
£, BRABRO Y~ 27 OLE & Pitch O ¥ — 7 OALE
EWR—EHLTWwBZE24%4<, Pitch 07 —DFH W
it Yaw 07 —OBEVTE—FT 555 5%, Partial
Coherency %3 Roll. LFEEELIIE 2, FHEHKGEHE
HaEiHs0Thsr5, ZOBEMIT, £BNTO%E
S DHEITHZ S, Pitch X, H2BERORALS |
SADRAZLTWVWAZ LI 3ETIEH LIS, £0
EO5WEZLDEE»S Yaw ~OFHEEGEIE N &

(183)
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hnz L,

6) BFRIhTHwEWnE, ART. 2468 LAEE
KRITZEMCIEDE VFETRERENL, R
Roll @ ERMICER L, Pitch 2 FIUMECEL &
%, Roll oA ART. k- TERHRIIC
L% - T Pitch LR UREMECKIZLZDTHS
5

433 ¥ & »

DAk 2 O N DA DWTRET Ltd, Wi
L BRE L TROSERIEHT 52 L8 TE B,

1) —fric, Yaw, EmEESHNOBE, ik
REANPSORMBELEE L, oo REL
TEZONHERE, EVEVISTHS,

@ L»L&%, WHICX - T Multiple Coherency
I3, ETELVHERZTSIS5THY, TOHD
FRERLETH A S, Fie Yaw 04, Z{batllL
W LIXEFBIET 5,

() Yaw ZHACLLBE, AT AN EELT
W52t ZOAHNERICE, Sz Feed back
loop 3B b, ZANARY b7 AT ORRE LTIE
ZOERTREY TH D, Lo THFEHRT 4 —F3
v P Dok ELUTHRVES LERD 5,

@) ANDH T AMOIRIED 7o ifTilk - BE,
REOBFHCR VT Rk, ANHBF Y AEDOEND
DhE D RN EETET, SLEEROE
BBRLETH 5,

5. ¥

DEDEITC X W ikokme S,

(1) FRREHCE SR, ZEtT 5221 Roll 0
BEHICHED TERTH 5,

@) WEAIETH B8, HAEE OBFRIT
BELCHAT 5008 5,

(3) Roll OIEHNEEIX (0.67~0.70) B/2 BETH
%,

(4) fE L ThEEN Rayleigh S db#ic i<
BEL, HERMCRRL S RERGHET 5, -
iz X »C Pitch oFEEREBSMNS,

6) VR ORI R BETEImEEE, FP.o
ETFIMEEDCF 0.3 BEEITET 5,

(6) #EHEMT Tz Pitch OEIFREEAIZS 528 Roll
OEERMb» DIz v,

(1) Pitch DEFIIMLOERIC L HRT, HEOH
SVORRTFERD I EDbT,

(184)

-

(8) Yaw XAEAIXMRHTOEMICX - T, BERBRK
FOBRYFVCIEETIULERD S,

@ F—tSqmy bEACTOVEES, fEBAOL
RIEVE, TREFT 10° #ifs, BRI, 2°~3° O
HMEDS, TRRRGT b 2&RIE 20° Kb Z &idkv,

0 F—tr-Mry bt OREES Yaw K52 5%
ik, MEmMTH S,

1) A7 P 7 AORERE os & EIRIEOFIHIE
Hr OB%Iz =0 @ Rayleigh 24 0BRICEET
5,
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Fig. 3.5 (a) Spectra and Correlograms of Vertical Acceleration at F.P.
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Fig. 3.7 Histograms and Rayleigh Distributions of Pitch Double Amplitudes
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Fig. 3.9 Histograms and Rayleigh Distributions of Yaw Double Amplitudes
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