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Investigations on the Seakeeping Qualities

of Ships by Actual Ship Measurement

1. Introduction

Investigation of the 63rd Research Committee of the Shipbuilding Research Association
of Japan had been carried out for three years from April 1963 to March {966, partly
sponsored by the Ministry of Transportation.

The first purpose of this committee was to develope new consistent_ system of
measuring, recording and analysing, to be used in full scale tests of seakeeping quality
of ship.

Another aim was to clarify the correlation of various kinds of ship responses in rough
seas, and to obtain pertinent parameters to represent plainly the seakeeping quality of ship.

In the first place, we studied the development of experimental apparatus for ship
use, and investigated various kinds of instrumental systems for full scale testing.

After the development of some new equipments, full scale seakeeping tests were

conducted on a 12,000 t D W cargo liner from January to March in 1965.

2. Measuring Apparatus and Analysing System
2.1. Consistent System of Data Processing
At the beginning, considerations were given to the present stage of development in
various kinds of measuring converters used in seakeeping performance quality test as well
as the data handling system, including measuring, recording and analysing function.
Then the ideal and desirable features of the integrated data processing system were
discussed in the following items.
(1) History of the full scale test method
(2) Various types of consistent systems of data processing
(3) Comparison of analogue and digital processing
(4) Present stage of development of recording and analysing system
(5) Consistent system used in this investigation
2.2. Present State of Development of Apparatus
(1) Investigation of the Availability of Apparatus
For the measuring converters for full scale tests, the specifications and availabilities
of the present apparatus were investigated.
Most of the items can be measured satisfactorily by the present converters, but the

following problems seem to be left for further investigation or development.
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(a) High speed towing type ocean wave recorder
(o) Long-term stability of resistance type strain gage
(¢) Simple deflection meter for ship bending
(@) Simple stress frequency counter
(e) Severe utility conditions as the instruments on board
2.3. Measuring, Recording and Analysing Apparatus Used in This Investigation
(1) Measuring Converters
(@) Anemometer-anemoscope (Fig. 2.4)
b) Towing type ocean wave meter (Fig. 2.5~2.8)

Super sonic type water level meter

(
(@)
(@) Pressure meter for deck wave loads
(e) Shaft torque meter (Fig. 2.9)
) Shaft thrust meter (Fig. 2.10)
g) Shaft revolution meter (Fig. 2.11)
(h) Steering angle meter and steering frequency counter (Fig. 2.12)
(i) Ship speed meter
(i} Rolling and pitching meter (Fig. 2.13)
k) Yaw meter (Fig. 2.14)
)" Acceleration transélucer
) Electric resistance strain meter
(n) Stress frequency counter
(2) Recording Apparatus
(a) Electro-magnetic tape data recorder
(b) Electro-magnetic oscillograph
{(3) Data processing Apparatus
(a) - Frequency analyser (Fig. 2.22, 2.23)

(b) Correlogram-spectrum analyser

3. Preliminary Tests
Three preliminary full scale tests were carried out on the following ships.
TANSEI MARU : Research ship of the Ocean Research Institute, University of
Tokyo (250 GT).
HOKUTO MARU : Training ship of the Navigation Training Establishment,
Ministry of Transportation (1,630 GT).
SHIKINE : Patrol ship of the Maritime Safety Agency.
The main purpose of these tests were to confirm and investigate the performance of

the newly developed equipments.



4. Final Full Scale Tests on SEATTLE MARU

The final full scale tests were conducted on M.S. SEATTLE MARU (12,000 t DW)
of the Mitsui O. S. K. Line Co.. Her principal particulars are in Tab. 4.1. The time
process and the route of the test voyage are in Figs. 4.2 and 4.3 and measuring items

in Tab. 4.3.

5. Test Results and Analysis
5.1. Outline of the Test

Regular tests were conducted 44 times from No.! to No.44. In each test, the variation
of each item in Tab. 4.3 was recorded continuously for about 15 minutes in the 14 channel
data recorder. Environmental condition of each test is listed up in Tab. 5.1. Tests
numbered from 101 to 143 are the measurements of rudder angle and steering frequency.

To our regret, the towing type ocean wave meter was destroyed by a storm in this
test voyage, and also the super sonic type water level meter was somewhat out of order.
Then the data of ocean wave in Tab. 5.1 were obtained only by visual measurements by
eyes.

Loading condition at each harbour is shown in Tab. 5.2.  In the outward voyage the
loaded weight was about 339 of the dead weight, and about 759 in the homeward voyage.
5.2. Ship Oscillations

Characters of oscillations such as rolling, pitching and vertical accelerations were
investigated, analysing the correlograms and spectra of these motions for representative
test runs (Fig. 5.8~5.11). The following characteristics for each mode of oscillations
were derived.

(1) Because of its small damping, the rolling spectrum has a predominantly sharp peak
around the ship’s natural frequency. Namely the ship rolls rather regularly with nearly
constant frequency, and the compulsory oscillations with wave encountering frequency
have very little energy, for any angle of encounter to the waves.

(2) On the contrary, the damping is larger for pitching and accordingly the frequency
component of oscillation with its natural frequency is not so predominant in pitching
spectrum, and the forced oscillation with the waves prevails, and results to give a
rather more irregular pattern of oscillation for pitching than for rolling.

{3) The natural period of rolling and pitching of this ship deduced from the spectra

is as follows.

Rolling Pitching
- o
Jan. 24, 1966 (outward voyage) 12.1 sec 7.48 sec
March 7, 1966 (homeward voyage) 14.7 » 7.84



(4) In the spectrum of the vertical acceleration at the bow, there are not only the
peaks corresponding to wave encounter and to pitching frequency but also a peak
due to heaving oscillation.

5.3. Frequency Distribution of Hull Stress

The short-term and long-term frequency distribution of wave bending stresses and
wave bending moments were analysed.

(1) Root mean square E of the peak values of wave bending stresses in each short-
term distribution was classified by wave heights and heading angles (Tab. 5.7 and
Fig. 5.20).

If we take the significant wave height H as a single parameter neglecting the heading
angle, the values of R.M.S. show very wide dispersion (Fig. 5.21), but very roughly we can
get a mean curve of H vs. R.M.S..

(2) Comparing the nondimensional wave bending moment M=M/pgL®B, we got very
similar yEy,~H curves for various cargo ships of similar type (Fig. 5.23). These
curves roughly coincide with the calculated curve which was derived from the report
of the 90th Research Committee of this Association. This calculation was based on
an apprboximate theoretical analysis using the strip method and the 1.S.S. C. (Inter-
national Ship Structures Congress) wave spectrum.

(3) The long-term distribution of wave bending moment can be estimated integrating
the value of R.M.S. of the short-term distribution using the long-term statistical
data of ocean waves.

(4) R.M.S. of the stresses of transverse members were also analysed. It seems that
they cannot be classified by only one or two parameters such as wave height or
heading angle. The number of sample data, however, seems to be too deficient to
analyse further with many parameters.

5.4. Correlation between Ship Motion and Hull Stress

The relations between the wave induced longitudinal or transverse stresses and the
ship oscillations were investigated, comparing their spectra (Figs. 5.4 and 5.7). The
followings are noticed clearly.

{1) The longitudinal stresses are related closely to pitching motion, as the transverse
stresses are to rolling motion. The position of the peak in energy spectrum coincides
very well respectively.

(2) In the spectrum of transverse stress, besides the peak at the frequency of rolling,
another peak appears clearly at the frequency just twice of the rolling frequency,
although no good explanation is possible at this moment.

5.5. Steering Tests

Some manoeuvering characteristics of this ship were measured. Namely, the manoeu-

vering indices K and T were obtained by =zig zag tests, the transient response
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characters were obtained by autopilot tests varying its adjustments, and also the statistical
frequency of the steering of the rudder was investigated over the period of the whole voyage.

(1) From the zig zag tests, the manoeuvering characteristics of this ship was found to be
about the average of the characters of this type of ship.

(2) A rather interesting result was obtained by the autopilot tests in which the effect
of each adjustment, helm adjust, checking rudder adjust and weather adjust were
clarified.

(3) The statistical investigation was conducted on the time rate of the steering (the
percentage of the shared time at any helm angle), as well as the steering frequency
(the total number of steering of any helm angle).

The statistical characteristics are effected by sea conditions and especially by the
adjustment of the autopilot system, resulting in rather frequent use of large helm
angle of 5 degrees or more.

5.6 Power Increase and Speed Reduction
Power increase and speed drop were analysed under rough assumptions.

(1) Rate of power increase due to yearly increase of surface roughness is about 1%
per year.

{2) Assuming that power increase due to wave (4Py) is proportional to square of
pitching angle amplitude (€p), the following relation fits the voyage data approxim-
ately.

APw =320 Op? (HP, deg.)
5.7. Decline of Propulsion Factors
The lack of reliable data about the propelier open characteristics made it difficult to
investigate the propulsive performance of ship. Under bold assumptions, following results
are obtained.
(1) The propeller surface was estimated to be deteriorated in certain degree.
(2) Both the relative rotative efficiency and the assumed propeller open efficiency dim-

, inish with the pitching amplitude in comparatively good order.

| 6. Conclusion
The 63rd Research Committee of the Shipbuilding Research Association of Japan has
conducted investigations on the following items.

(1) The development of a consistent system of measuring, recording and analysing
to be used in full scale ship testings.

(2) Full scale seakeeping tests and their analysis
(a) Investigation of ship motion
(o) Statistical research of hull stress and wave loads
() Correlation between hull stress and ship motion

— 5 —



( Manoeuvering performance tests
(e) Study of power increase and speed reduction
(f) Study of decline of propulsion fators
The actual tests were carried out for a very short-term of only one voyage, so the
volume of test data is not sufficient enough for the second purpose of our investigation.
But we believe that the first object of our committee was accomplished effectively.
In future, the followings seem to be left as very important problems to be investigated
thoroughly.
(1) Instrumental measurements of ocean waves
{2) Correlation between ship motion and hull stress
(3) Correlation between ship motion and propulsion factors
{4} Actual condition of steering and steering equipments
(5) Evaluation of each effect of various factors on the seakeeping quality of ship
(6) Development of optimal data processing system
This project was helped by the aid of the Ministry of Transportation and completed
under the co-operation of related shipbuilding companies, shipping companies, universities

and research institutes. We wish to thank the parties concerned for their continued support.
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Fig. 2.16 Data Recorder
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Table 4. 1
Kind
Purpose of Employment
Owner

No. of Register
Playing Limit
Class & Type

Length (o.a.)

Length (p.p.)

Breadth (mld)

Depth (mld)

Designed Draft (mld)
Designed Load Displacement

Block Coeflicient
Prismatic Coefficient
Midship Coeflicient
Water Plane Coefficient
Gross Tonnage

Dead Weight Tonnage

Full Load Service Speed
Longitudinal Center of Buoyancy

Main Engine
Power & Revolution

Build at

A 1

IR

Principal Particulars of SEATTLE MARU

Diesel Vessel
Cargo Shi]J
Mitsui O.5.K. Line, Ltd.
83824
Ocean Going

N.K. 1st Class, Flash Decker
156. 13 m
145. 00 m

19. 40 m
12, 50 m
9.18 m
18, 250 t
0.674
0. 687
0. 981
0.811

9,243.60 T
12,022 t
[7:.7 kt

Aft 1.65 m

Mitsubishi Kobe Sulzer 9RSAD-76
12,000 BHP < 118 r.p.m.

Mitsubishi Heavy Industry Co., Ltd.,

Kobe Shipyard.

Completion

Nov. 1959

Fig. 4.1

SEATTLE MARU
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Seattle Maru Hydro—Static Curves
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Fig. 4.2 Hydrostatic Curves of SEATTLE MARU
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TEHE S,
SAO Ak#ELIs o, RERHEYL Table 4.2 1T, #i i #ME~ Fig. 4.3 KR
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Table 4.2 Time Process of the Test
Date Time Port
Dec.31.1965 | 17.00 | Leav. Kobe
Jan. 18.1966 7.30 | Arriv. Balboa
19. | 3.00 | Leav. Cristbal
24, I 19.00 | Arrlv. Halifax
27 | 3.00 | Leaw. P
28. | 16.30 | Arriv. New York |
Feb. 3. 2000 | Leav. :
- a. 8.30 | Arriv. Philadelphia
22.00 | Leav. ¢ |
5. 11.00 | Arriv. Nortolk I
9. 2.00 | Leav.
13, 9.00 | Arriv. Cristbal
13. 17.30 | Leav. Balbol {
20. 12.30 | Arriv. Los Angeles |
23 18.00 | Leav. + !
Mar. 9 8.00 | Arriv. Yokohama |
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Table 4.3 Measuring Items and Used Apparatus

. . Sy . . No. of
Section No. {Measuring Items Position Measuring Devices Elements
I |Waves %58:32%21" Towing Type Wave Slope Meter 2
Shipside ; f
2 Woter Level Q& Starboard Side Super Sonic Freeboard Meter 1
. 3 |Wind Direction |[Mast |
Environmental Anemometer(—onemoscope)
e KOSHIN-VANE
Conditions 4 | Wind Velocity Mast |
S5 |Wave Encounter |Navigation Bridge |Push Button 1
6 [Time Mark Measuring Room [Electric Contact Clock |
7 |Ship Speed Navigation Bridge |Speed Meter (flaufical ) |
8 |[Rolling Measuring Room 1
Free Gyroscopic Oscillation Meter
Ship Motion 9 |Pitching Measuring Room |
10 |Yawing MeasuringRoom |Free Gyroscopic Yaw Meter [
A lerati Bow Unbonded Gage Type 3
" (ﬁégﬁﬁg ron [ Port& Starboard| Accelerometer
12 |Handle Angle Fuel Handle of Eng. [Potentiometer [
Pressure of Top Floor of i
'3 lEngine Cylinder |Engine Room Pressure Indicator !
; Magnetic Pulse 8 DC Dynamo Type]
14 |Revolution Tunnel Shaft Tochometers 2
Strain Gage & Inductance Type
Engine 15 |Torque Tunnel Shaft Torque Meter P 2
& 16 |Thrust Tunnel Shatt Strain Gage Type Thrust Meter 1
Shaft '
17 |Shatt Bending Propeller Shaft |Strain Meter 4q
18 |Rudder Angle Steering Eng. Room [Steering Angle Meter [
» |Freqency of . ;
18 Steering Steering Eng. Room |Steering Angle Fregency Counter |
Longituginal Sheer Strake of |strqin G
19 Stresses Midship frain Gages 2
Transverse : 4
20 Stresses Frame 8 WebFrame {Strain Gages
2, [|Longituginal Sheer Strake of |Mechanical |
Strength Stress Freqency |Midship Stress Freqency Counter
Max. Upp. Dk. M 1
22 |&fesn sea Press. [No. | Hatch Side |Mo%: Water Pressure Gage
Freqency of Upp. Dk.
23 |Green Sea Press. N%f’l Hotch Side Water Press. Freq. Counter 1
common 24 |Freq. Analysis Measuring Room |Freqency Analyser 1
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Table 5.2 Draft, Displacement and Weight at the Ports

‘ Position Draft (n})  Disp. Weig_htvéiz —_—
| f Iici.___—:lk—ft. Mid._ _B l Cal:g_o a erFuel
| Lv. Kohe | 572 807 6.8l 12,55 4,922 E 1,695
‘ Ar. Cristobal L 525 754 645 | 11,750 4,922 758
| Lv. 572 7.8 6.8 12,550 4922 | 1,520
l Ar. Halifax 5.58  7.62 6.59 12, 100 4,922 ! i,215
Lv. ~ 5.48 7.49  6.43 11,750 4,595 1, 144
! Ar. New York l's.70 7.40  6.55 12,000 ' 4,595 1,176
[ Lv. =« | 3.79 6.46 5.13 9,000 | 1,205 | 1614 '
i Ar. Philadelphia 3.8 6.48  5.19 . 9,120 , 1,205 1593
Lv. ~ 4.43 5.8 514 9,050 898 1,695 °
‘ Ar. Norfolk 4.41 558 501 8, 750 } 898 1,659 |
Lv. o« 791 825 806 ! 151280 | 7,465 1,613
' Ar. Los Angeles 7.38 818 7.74 14, 570 | 7,465 999 |
Lv. ~ 8.22 9.36 878 | 16,920 8,946 t,838
l Ar. Yokohama 7.95  9.02 8. 44 16, 160 | 8,946 1, 142 i

|
!
|

Table 5.3 Maximum Amplitude of Oscillation Angle and Hull Stress

Rolling Pitching Yawing Stress .
5§P Amp |Period | Amp |Period [ Amp, | Period Deck Web Frame
{deg) | (sec) |(deg)| (sec) [{deg) | (sec) (kg/mmz) (kg/mmz)
1 7.5 12 1.0 12 0.8 is5 0.8 1.4
2 7.6 11 1.1 21 1.8 17 0.8 1,2
2 5.6 12 2.9 20 1.5 21 1.1 1.2
4 - - 2,0 17 2,0 21 0.8 1.4
5 3.4 13 1.2 12 - - 1.0 1.2
6 5.0 15 1.3 18 0.8 19 0.9 1.2
7 4.0 12 2.8 12 0.8 27 0.7 1.1
8 2.4 13 1.3 12 - 1.2 2.2
9 5.0 16 1.8 15 - - 1.4 1.8
10 2.9 14 0.9 12 - - 1.2 1.8
11 1.5 13 1.4 12 0.4 25 0.5 0.5
12 2.4 1z 1.0 14 1.7 22 0.5 0.8
13 1.1 17 1.2 19 0.6 25 0.2 0.4
14 1.2 12 0.9 14 0.3 46 0.2 0.4
15 - - = - - = - -
16 2.1 13 0.8 13 0.9 60 0.5 0.4
18 0.7 11 1.1 5 0.3 31 1.1 1.8
19 0.9 10 1.0 10 0.5 28 0.5 1.0
20 1.1 6 2,0 6 0.2 22 0.9 1.1
21 1.0 12 1.6 6 0.5 24 0.8 0.7
22 7.5 12 2.0 7 1.8 25 3.1 2.0
23 [11.5 11 7.0 9 3.1 10 2,5 2.9
24 6.0 12 1.8 12 2.5 17 1.0 1.1
25 1.2 12 1.5 12 0.7 40 1.1 1.4
26 2.0 19 2.0 12 1.2 28 0.6 0.9
27 2.7 20 2.2 7 0.6 22 1.2 1.0
28 6.6 18 2.1 12 2.0 16 1.1 2,0
29 3.5 25 1.5 24 1.9 12 0.9 -
30 0.8 17 2.0 11 1.1 38 1.7 -
21 2.0 14 1.8 7 1.7 14 0.6 1.6
22 2.1 13 3.6 9 1.0 15 1.3 1,2
33 |10.9 12 2.7 9 1.9 12 1.6 2.0
324 2.1 12 2.6 11 2.2 23 1.4 1.4
35 2.8 14 1.8 20 1.3 21 0.7 0.8
26 2.5 13 2.0 20 2.1 20 1.2 1.3
27 1.2 15 1.6 9 1.4 15 1.2 1.8
38 2.6 14 2.2 8 1.5 25 1.7 2.2
39 2.7 15 1.5 5 2.2 40 1.1 2.6
40 1.5 16 1.4 10 2.0 40 0.5 0.9
41 5.0 13 6.2 8 1.1 50 3.0 2.7
42 4.4 12 2.0 7 2.4 40 1.6 1.9
43 5.7 11 6.2 8 2.9 45 1.8 1.8
44 5.5 15 2.1 8 0.4 45 1.9 2,6
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Table 5.4 Classification of Wave Height and Heading Angle

Wava Height | 2 3 4 5
HeadingAngle 0~ 15" 1.5~ 28 25~3.935~59] 5.5~
’ 5
21 40! 42 25 41
{ |Head Sec 12 %
26 27 18 33 5 |
2|Bow Sea 16 20|30 31|37 38 23 43
32 4439 36 % |
19 8 36| 22 4
3|Beam Sea ° %
4 | QuarteringSea|'3 14 33712  Z 3 28 '5
artering Sea
9 za 2o|% 5 36 %
3
51 FollowingSea| 1 34 35 7 %
5 18 12 4 3 42
12% 43%| 29% 9% 7% [100%

The number in each column shows the Test No.
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SEHOERRBRIC KT, WO RAKLANLr ok T EREFT ELEETH D, KA TS
MTERAIERO Y v 4 DR BTERD CREET, BEAE LT — 28BN, o, EicHtfin
BERERAO AR AATKEED, COKHEARC BN TRRINS o o, LRI
RWEIEHH D, IR R, BHEN L SRIBO» A KEVWEEOLHER S STREETH
Steh, FREO/NZWEHAOHFHCEHTELVIOLNGENTVWADREI LKL T &L TH
Bo BOED Y v 4 o KB IEEFORMR L, P libe b, 7Dy AR ASRCEE S
NTEY, BHOH5THERNTAINERLNBCFELMNS I LR TERVDOT, Z0O &5 il
Wb oA METREETT TRV, LOAD» DV 5 THHEERE R RS CE < [E Lk
BEoREVbOThRINRERLE V.

DX 3KHBORBD LD, LRBCHE - COHEOMEDEE MRt T s e cai
Moke HRET L OMIZOL KRB DWTIE, TCWk Table 5.3 W/RLTH D, D XD AEE
RIS & ORI DWW TR 5. 41, BB L HEEIENENE OHEC oW TR 5. 6 kEZIN
T3,

T e, MESROEBEEDCTIEWSHOBELRECOWT, A7 FT L avas T LR
MxiTRY, TOHELSHIEOUBEVRSTEII L L Lk, TO X 3 EH L LT, 5.4 ik~
B & R & DA B b L Test No. 23, 43, 3 X O 8 MALEDHREIA L, K
MTREFCITHNAEILRS T LR <R7 b T LR OFEOIC DTk, Kic Test No.
23 BEU 43 DAY LT LT OB OWTEEL, 2WTXD 5 Test No. 43 o EEIRE
L, FRNCHITOBSTEELHEL, WRARI 7 L2 HEELT, LOWE»LEFEOA
WS TRDLEBIED R + 5 6L ERERLOMEY TR D LT 5, mcthic 8 HHLERRICD
WTRET 5,

5. 2.1 ava¥Sh - ARG S AR EOEREY O
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Test No.23, No.43 o#flih, N, MITHLER, @50, BB ow (AT — 7R x A
—DZEHBIC Y, T4 IS LLTF—~ THILL, BMEEIRTIRT B A oL F 3 S FACO
M230-10lc & o CE ¥ LAcava s 5 4 - 2R + 5 a4 Fig. 5.2 » 6 Fig. 5. 7CiE L TH 505,
FFINOHHAMSC, TRV bRhAaLasrss - 27 b5 LOMITE DWW TR %
RBEZEET D,

ave sy AR HCHEBEYK R(G), i/ v=734 XLAHCHBER p () =R (7)/
RO ok THY, 277248525 HUMHBEK R 07—y xZ#Hh S(») OETH
HLWVoTEW, Tighb, il & LT HBIG% 2 () TEbL, THROEHWR Otk 3
IO LAETHLHANCRKRDLSKLDTH B,

R(=
p(0) = ())_:___o(,z) ............................................................... G.2.1)
x
R()= 1”“778 FUEAT) XDVl evvvemreee e (5.2.2)
1.0 o Test No, 23-A
Pitching o°=4.504 deg?
0.5 Data NG, 680
° I i o N Lags No, 60
1 o N Sampling 1 0 s
Time Int,
-0,5
V
-1.0 I Lag Number
o 10 20 30 40 50 60 Lag Time (s)
1.0 Rolling :
026,912 deg?®
0.5 Data No, 68
Lags No o
o / X fc\ P \u‘ 2% Sanpl:m;
/ \ \‘,f \/ oo Time Int, 1. 0 S
=0.5 v R
-1.0 Lag Number
Yo 16 20 30 20 50 60 Lag Time (s)
1.0 Data No, 600}
. ngl Stress (Po”) =0 617(kg/mm’f Lags No, 60
0.5 * Sampling 1.5
* \ Time Int,
o 7 1N oo, g, "
\ / oz S oag R a0 ooy~ gty omrye-
-0.5 |4/
1.0 10 o 30 40 Lag Number a0
Tt 0 10 20 Q 40 Q 60 Lag Time (s) 80 90
1.0 [Data ‘No. 480
' Trans. Stress (Frome) | 020 479 (kgradfl | 0. 00
0.5 M Sampling 1 s
. \ ,.\ Time Int
° / \,/t wrf\‘w—wm - o e
=0.5
10 0 30 0 Lag Nuymbe o
-1.0 10 70 30 30 1) g Time (5 0
Data No, 600
1,0 Lags \No., 601
Trans. Stress (Web Frome) o%o,108(kg/mulf Sanpnng
1 5s
0.5 Time In
o / P Prasa P o o
0 I e S 1
=0,5
. 10 %0 30 0 Lag Number 40
1‘00 10 20 30 40 50 60 Lag 1ime (s) 80 ]

Fig. 5.2 Correlograms of Oscillation and Stress
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12 l Test No 3.
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}
: ‘ | o= 4,229ded
8
g AT
6 2 ; i
* ! Data No. 720
b4 . I Lags No. 60
o ¥ Sampling
Jr ] Time Int.1*0 %
[ A, L]
Ll .
o__, 95, ., 1, , 1.5 2, 2.5 3 @ sect
3015 10 8 6 5 4 3 2,5 T sec
14 {Y
12 Rolling
.
10 o’=3,296 Heg?
8 ;
I 2 ’ .
g ¢ | ! Data No. 690
4 1 i Lags No. 60
. 4 i i T ISampling 1.0 s
S N Time Int, l
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% g5 U O AR WA it
| | X
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[
o 0%0.395 (ko/malt
&1, f
@l
k3
E Data No, 560
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X 0.5 . Sampling
i zl Time Int.1*> ®
° ‘l J w sect
o . o5 .1, 13 2 2% EI S
20 1510 8 6 5 4 3 2,5
1. lL" T
Trans Stress (Frame))|
‘ 0%20,943 ("'»(i/ml')z
|
) 1
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T Sampling
Time Int.l’5 s
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0%20,052672 g*
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£ Data No. 905
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Fig. 5.7 Power Spectra of Oscillation, Stress and Acceleleration
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S(w) = 2177 S:oR(T)e_jMdT ...................................................... (5.2.3)

—_ 1 w T dd T *** et e rsassesrets s annananaa et tre s ere s nen sy
——Q—K—S_wR(r)cosw‘dr (5.2.4)

2L, BlErR x() 1t OHRATERIc W T L2 Shicwno e, HEESERORSHIFR
WHCIEE D, 2OoFTRTHTER T 1+ V20 TiTie I DT, It ORIMT L s - 7 Bl

x(4t), xQ2dt)--x(NAt) & 5 CiTie 5 T Licic b, Thbb,
500 = pChdty = I?Eh BE) e .2.5)
R
R(hdty= N At NZ KA RAE) X6 AE) <eovrveeeneinrie el (5.2.6)
R = - _}—At g[x(zdt)]zdt ...................................................... (5.2.7)
h=0, 1, 2, - M (M R770k0)

A—FPRARIPF 4R 0 TOWTHEBTED2 D, WELZAVWONRBERANY FJ LDEH
LEbEDID o OFROFWHAOHCONWTEZ, HOMEITAL LEORFD 2{EL LTEHT
Do X LTH VY v/ ERRR A DIE £ DAt KON, Thbbr 4 2 FEHEK

Of%, 77O AKORERL M BeaHLiiTRDBILET S, Thbb,

-7
do =317

ZHRRECBRZY 4 VY FODOEREERZC L, hpONMELXERNLLDLTHDbTED, T
bbb,

sA(p.Aa,):___l i;qu,(;_;_—jdw) ............................................. (5.2.8)
Sa
722

Lpe Aw)——— Z R(h 48) cos {pdahdt) oo (5.2.9)
- _ T

7 b V__ 1 5 RehodD coslP e oo

I ( M-'Zt)"‘MEt‘,, X Rk-an cos(—» -r) (5.2.10)
a; i3

j
Zajz S S (5.2.11)
J==2



Kb, £T T

At M t
f{p+n—1 _7:) A(_P'}'L T ) ......... 2.12
+ dney L( wt ) ra LA (5.2.12)
ZD Q-n, -y A-p, Ay, Gy, A4y, Qg v Gn-y, Gn & 1L CTable 5.5 5 L 57b DA

Bwbhbd, TZTREL—BHAEDOLLT Q v s v FuxHni,

Table 5.5 Values of aj for Several Windows

’ ao ‘ a1 =a ‘ a_s=asz a_z=—as :
W1 | 0.5132 | 0.2434 0 o |
w2 0. 6398 I 0.2401 | —0. 0600 0 l
w3 0.7020 | 0.2208 | —0.0891 | 0.0149 |
Q 0.64 0.24 1 —0.0600 0 ’
" Hamming ' 0.54 0.23 I 0 0 ;
Hanning ‘ 0. 50 0. 25 \ 0 0 '
Thbb
AL_”_):_ {A(.jzi _ff_) A(P+2 _E_}
S (4 = 0-060L -3~ =) * L a1 )
F(e—-1 J_> “(ﬁL 7 )}
vo.24L (L )+ {50 4
(b ™ )} ....................................... 2.13
+Q64L(A4 z (5.2.13)

Test No. 23—A DOWTORIFICEWT, BHOERE N Bdlnor, 77— 7RG PR

BTH YY) VY, A—DEBCHELENWEIANE P b THb, LALETRTS 7 — 2 B

480 TH Y, T OHEAOKT L TIZ 480/60 = 8 Lt D KEVLAHBEHERHIEVWEN LT

I \o AL T — 2488600 ¢, AT et LTid 600/60=10 7 5 TWHDT, TOR

BREBEFDTH D, I ENIcaLas 5 ARCRARI VT L E2HDEY VYT v RRIRERE 7

FOMY 4V FUDBRTIEBY TH - & b2%, Test No. 43— AR DWW THRAKRTH %,
(5.2.3) K b¥ZEHRE LT

R(f):Si’ S(@)EI97 @ ++vovererersenean et (5.2.14)
THLAOEARE, A7 7 LB e EOTMCIHREL 25 LTERLEMD,

Rh. At)z]\/;rdtpg,g ( ]i"/[ _[i]‘.tn) cos (ﬁ_h _‘7_.) ........................ (5.2. 15)



LidosT =0 LI\,

(5.2 16)

Thbb mﬂMfﬂ@ﬁfx&7riAf%ihbmmwpﬂmiﬁbb&Im%b(kém

TTHbDo

5 2 2 HEOHK

Test No. 23 1211 fi#D, Test No. 43 B HMIFDORLEI E L TGEAX DT, WERDHHEN,
TN D A Tle MTT O L TFIGEEE, RS, BISHSOREMH - THRORTWBHDTH %, 3t
RRFDLE - MROBREA X &0 Table 5. I pOHHEWL, FNEHSIdOL LT, MrbEERFT
WGERT D LRI E Ll hi, OB R IAL 4B 2 o[, Mds kiR

e O L% Table 5.6 B iz,

Table 5.6(1) Environmental Conditions at the Time Close to Test No.23 and 43

' ' Wind

Time | Ship 1
Date T AT AT :
. Absolute Absolute !
(on ship) Course Direction Speed I
Jan. 23 8:00 200 148° 7.2 kt[
©12:00% 20 i 135 23 ]
| 16:00 | 22 160 | 14
c 0000 |2 s a2 |
_ I -
Jan. 24|  8:00 22 | 20 ! 20 !
L 12:00 22 | 20 26
| 16:00 25 45 20
, 20:00 o — | = =
March 5 8:00 276 333 15.0
| 12100 276 340 14.0
[ 16:00 276 330 10.0
' 2000 276 350 6.5
3 !
March 6| 8:00 | 276 275 14.0
io12:00 | 276 290 16.0
P 16:00 | 266 290 16.0
t20:00% | 266 ¢ 293 17.5
March 7 ‘ 8:00 266 180 4.5
12:00 266 160 10.0
‘ 16 : 00 265 190 18.5
| 20:00 265 190 .23
- March 8 8:00 265 10 12
: 12: 00 265 30 8
l 16 00 262 ! o
: 20 : 00 262 45 7.5 |

* The time closest to Test No. 23 & 43 respectively
Table 5.6(2) Environmental Conditions at Test No. 23 and 43

i Test l ) f Rg:latiye | Sea Wave Swell
N Pate | Time | Direction  p.tive [ THeight | Length | Relative ~ | Hefght [ Length
o | , Direction (m) (m) | Direction (m) (m)
1113
1966 Star. Star.
23 Jan. 24 . Z 59 Bow Head 2 30 Bow 8 80
' 196 21:57' Port Port Port
. 43 . ) 1 Bow Bow , 3 30 6 70
‘March 7' 22:35| 45°~50°  45°~50° _ Bow

)
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COEODRBREZELEHIEOILOS T L ARI PT AN, ROXHEHEN R TX S,
D MENRBLENED UNS WD, BERBOESCKENARZ P aDhxAT 2, +L
THEWHIRO HaW, HAeRBowhrAKrRb LY, HEWANC X 2ERR 5 KX
I,

i) fHEALB RS BRB L HEOREVHRTH B4, FEHNC I 2B/ LI AR& <k
, HEAMc L 2R UBRKET, AKX s TR IR EAEW ST — 2T 5, L
> THIBNE OHERRE LD SREMTH 5,

i) i bl IR AR, HITN OB, | B240 OEMIRAE, 3 8 7 B OB
BT ERIECHL, KO X HICHEE IS,

P

|om mon B on
N CI T 7.48 s (@=0.80)  12.1 s (@=0.52)
ZoTRD T R A 7.83 s (@=0.80) 14.7 s (w=0. 43)

iv) BTTHER FCHRTTO B NS SN TnB, coava s s a - 227 5 b Test
No. 23, No. 43 0 ZhZRIECDNWTRD BN TWDB, LELINIE 23—B, $3—BE LTH 5
WY, ERFFRIFFCET VA Y P ROEIRD? S 2RI ST THISHTF 25 Lcd & 0D
BINSRITh DGR TH B, Fig. 5.2, 5.4 )RLADRRAIOISHO LD TH D7D, HEHED kO
DR EBC -2 b0 E B LT ER D W, 5H0ETRRANI P ARAE IR
ZLERTTED0 D, £ AR EERKEED X7 b7 5ERTLw, Test No.
B EDODVWTHRBEDWTHHIENO X7 + 7 aniskd bbb, Test No. 23 0 f3EERE O
RRI P T AEHDBE, BHENAEOEN 0=0.84, SIUTRIENZARS 5 ACEDR AR
B X5 BbNd 0=0.65 OLiDEMNC, b5—2 0=0.95(T=6.68) I bk — 7
Bb b B,

WEMBEOETENMNE p 2T 5L,

P2 Ll e (5.2.17)

z: Tl C.G. o EFiEh

0 @ Hedma sy

s T & M N BE B SE £ & o R
Thh,

PmZA LB et (5.2.18)
EHEBMDIDRARY b T a S;; O, BHERDORX RS F T A Sk OEME, ETFERO
AT S OEHORBENRGENE LB ELBNRS,

Test No. 43 OMFTETMBEDR RS FF ACDOWTHRBERALLA AT LA WL T, o=
0.925, 37bb T=6.771 KL E— 725D, THREFIED EFTERARS P A0
LRBBDTRAEVWHLHEEIND,

V) SEMCRBEEABGERrZDbR 55, BEEACRRERESEI BEbhi Wi AR %
W ZDOTERFETRTSANEOKHRLIE DR TV,
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5.2 3 SAKEREER

MROMITL i L OISHHMER, EFFEHAIK W T ORI L A%, VR E R B 225l
LI & o TR, WBREVEZHELD THL, MAKDOREL L ZEHKE, PILEBE DD
T, WHWAHRFEHTORMPEONBFIANS BRI, —EOLR, BRENFT TROSKOE
bETMOBBEDOENERDD LBMWBETH 2, T TCEOAEH LML T EIcd—DDIHRL
ZHRATVDOD 2 8 MAEREBR R,
ZOHRBRARRMAEPBE—E L WO BENRINK, BOSE 45° FOLx T8 MEUATE T
BETHHRERTCH D, THITHL LR IVMNRBE—ENR RS I 7 2%t oR BRI hCcHAHE
45° RO DR A T sl T Wi D, HOFHER TR 8 MIED AT 2 HER T, Rty
UT180° (Kiik), 135°, 90°, 45°, 0° GEM) @ 5:0% 10 HRIF2MEL, % ORIOKETIL & HIT
NEEEHF L, BHIBZEHFRLFAL T, TOBOKKR, BRIKDOLI THbD,

5} | BoA OB @ s‘ B 17.5m/s
HEIER YR 7[ Wi 3m, i 5 %om
5nb| >RDBH 6 7 4mz},&i§90m

Z ORI FECER O Bk, A—DEBECT 4 DA LEBUALDD, GFEE
BerDavos s s XO0RRY b7 Ai il o7, Fig. 5.8 X0 Fig. 5.9 i
NBLUEENO V0SS INERY R L. 2o 8L 1 RABBLE > hbeDo A AR
T, [E 180°, JBEE 0° L LTRLTHD, Rl tirzhe 90° OEKSHDZ LI X
XVWCRRAED TH B,

Momosrtk (62 OfE»HHB L, BIENE 2=2490° CtH>RY 180°) O HEAMNEIAEL,
Y 2° WOEWREHENRE LTI D, 1o =4 135° A RDE135°) BLTH 45° Gt H b fH135°)
N NCKRETFHE 1.6° §i#, 1=0° (5 bf 90°) o E»E/NhT 1° BETH B, HIENR,
=% 135° oD A 135°) DL & b A& Y 3° )i, %=180° Cd>hbhE 90°)
& 0° oA 90°) DEAL 2.5° TTHRIIRE, xp=4 90° (5hb 180°) DEAHE/N
TLE6RRETH D,

Fig. 5.10 & Fig. 5. 11 RN LN D AR b 7 A RITHETH b, Fig. 5. 11 TR EOH
MCGE - e d ld4sec ik iR~ 746N, ZoX— 7 AMOBENEERL L Bb
hb, Fig. 510 ORELOTREENR L B, 2~4AoLnBEbhTind, chboikth
ZRMDOGEN, HEROEARWB LIOCEE OHAAHERTOOLEbNIb, ¥ 13.5sec &
ZODOILBEEAAREE KL TEY, ChRrB OB Iy, Rk cbARALRERD
WL BT DES” ®i5&%%ﬁ%bfbtt@mﬁbﬂk%@f&boo&K&®ﬁmkﬁo
EET D T.5sec R ML DIIRAC— 7 23d 20, IHRBEENOBRERBEELONS, T
OO RFEEOHRABH L BbN50 T, #iHHEZEOZEC L VFEYRALNARSI—F L
OTHAG DO Z BTER L VEEELRA I,

T, (VAP oROEE (Vs) BBED /KL > ThWBD TEFAE W &, (2) BoFIR
HHEBR THIPEEOCBRAIVREEI ST B LNELLNS, ULEOBA»RABRE LT R
WYOWRE®ZEZ, RROERY 100m, ShbOMES 300m & LCHELAKE, 22/ 7462
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I L =T HRDOEZHo

g g IR OEE 100m) b (EE 300m) |
(B) DM (sec) -k AN (sec) |
180 5.73 ! 13.9
135 6.58 1.2
90 9.8 10.3
_ 45 24.6 11.0
| 0 68.0 | 13.9
U, B Te RIKOXZHEA L,
A1l ¢ Ly = 5@; Tt =1.56 Tw?, Vi=1.56T g erveerreerrrererenmmmonnnaeerncnns (5.2.19)
mmmxu=%§u%ﬂﬂ,m=%~§%n%meaMFLM@m@zm)

Fig. 5.10, Fig. 5. 11 & Sea—, Swell»> LRLTH 5D, MROKE 100m, Sh) Ok
300m & LABEG0b0T, PRICRBAENAMEERES JCBENETHROMA AR LD O
Th D,

PIED 8 IHEDEELD, A0 ORETO FHEEATITMZE 7.5 sec, BEENEFHMN
13,58 & LCEINT Enifh ok LN, BUIC L BB D RS 5805 CRME N5,

5 2. 4 BHEORRIFNSLADBRHELOLE

Z z Tk Test No. 43 OEERELCOW T RAROFDHF I OMEN S LS ETRAOIEEFEY
Z MYy TERC L - CEEL, ERFOSRBRMELD 2 L TRIRARY 7 2% HEL, T0
AELOHIER B L L TENROZ NI b7 22 ERMNCEHE L CERER LKL T,

Test No. 43 123 A 7 R iTARbnAy, HMIEABRK 3B 90 Fii8iThs2b, HROIKE
RIFEEOREBCED TIHEWEEZ T, TOL XOWKS JUHKEZ AV, RICRT LI mRiEL
L7,

GO 2 7.95m
% W o ok 9.02m
B ok FE B 16,571 t
ok #E OB 13. 5kt

Ko Fr=0.184

7 W —

TORBICH L, BEAFERCHRALTWBR M) » TEO S a s 5 a2y, HELHED
H. 2/L=2.00, 1.60, 1.40, 1.20, 1.00, 0.90, 0.80, 0.70, 0.60, 0.50D &b Hrhic 313 BHEEN
F ETERE ORI AR, X&i Table5.6 T/RLALX 57 Test No. 43 k3 B 0E
BRERM D 1=120° THohrHTLIWDT, 1=120° L BED LD 1=180° D ZODIFH
it eI E Y Fig. 5.12 % X f Fig. 5.13 wxid,

R L < Table 5.6 ik Lk Test No. 43 Dfijtrichic b 4 Bl Z & OBMOBIE RN S, 15
m/s OEN 1 BRI R ESETALEEZTEIWVWI &L Lk, Test No. 43 »RAF DR, ABLS
hh BB LAEBAHMT, —2ORTREIRTCORELATRIRLVERLRARLTH D, L

— 59 —



1.5 o
° Pitching
fey X =180
<° /\ Fn=0.184
1-0 Pitching X =120 ® ok
S Fn =0,184 : \
AN
0.5
%.5 1.0 1.5 o \_’o
o0 0.5 1.0 1.5 [T
O T . T
. *°| Heaving B Heaving
S S \\\\\
N N
1.0 \
o ) o N
0.5 1.0 1.5 LA 0.5 1.0 1.5 04
Fig. 5.12 Amplitude Response of Pitching and Fig. 5.13 Amplitude Response of Pitching and
Heaving Calculated by Strip Method (1) Heaving Calculated by Strip Method (2)

Mo THEOBAMEL LTI SR OBBMEZID 315 6 m, BT 7sec WithTh b L L,

STHBEXEZ TEDOARY b7 a2 WETHCD, BIEWLS OhOHENREL ONBN, FOR
EMRBORLUTDE20TH DL 0TI,

i) Moskowitz-Pierson ® 27 b 5 AEJF D ¥ 20

i) LS8.5.C. (HEMABESRE) <7 +F u20

i) LT.T.C. (EEERBKMEHE) Ry b5 n®

19604F A ¥ CRAFEC T L CEE 2B OEHER AL A7 b5 42 LT, Neumann-Pierson @
FEX" BAVONAGABED TEN ok, LELITOBROWEL LY, “OERRE, SHEEDL
NDIICHSIERAWHED AR + 7 LI bR, RRLBRAMELSL DL, BEOFRERER S
OFENREBE, RELOLTRESRD BT LA ENIELM LD, Moskowitz-Pierson ¢ x <
770N RERs TAVWDNDEZ ENEL - Tk, 2hid, Tucker OERE#HMH LA
AF ) ZOBHEBAM, Fe U TREEEAA, I, JIIEKK L D1955~ 19604 0 i i Rl 2
D5, TA)AKRHORBALKE 2 S AOEKBMO+FREVWDORIRBY 20, 25, 30, 35 %

LU0kt ORI L, BESHEDOR NI b7 A%FHEL, THALOERTEBRBOFESE L TR
bNABDTH D, EDOHK

S = ‘:f:? e_ﬂ ('u!lz)4 .................................................................. (5.2.21)
a=8.10x10-3 U=RaE (#Em L 19.5mE; )
B=0.74 &=E D fi#HE
w=2zf

THY, o © O~co ODWHILDHEHRINT, TDRXRI + 740 o i LBETEEN, 0 &
OEBLREDOHE * CHELLABLI Ko TWDB, TN VWHW % fully arisen sea, Tihbb
BOBEREHOREEE S +IEL, BRSELSCHELLBTCETHCTH 5,
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Lo Ui bR, KW Th ook oo likisiiRsEfr o022 BB TH
D, BBRRERELED, —HrO0BBRCEWTLUNMCEEL TWAERRK XL - TO &R Shi
Wi, FRRZOWRUADEBRAES SEFINRTL B 2RDERLTAREEL T B 5a0E
W,

CHBOARIRL, HEENE 2 bRES, ThiextT Ao #EL L, LS.S.C. (HEH
KBS 8L LT.T.C. (HERBAKESZE™ RENLROEHOHNCHLE T, Wb

PEHEZ Y b T A7 DEBEED TN D,

T4 be 1.5.S.C. 12 Moskowitz-Plerson D27 + 5 L OEREZOETHAL, ThHZo0
B oo Bl TEED, AHENE Hyy (He LEBT D) CEYHE Tw LRIORRI T
LDE—A VM LS TREINBZ ERFALCHEEMEL, o % Huw & Tw LX<
U, Ho b Tw EHREFoE SR, FRINLEBBLTRIE Ui BELEELZDOD
%, XRJ b7 LOFHEEE UTEHZ T,

Thbb, TOEBBEIHEINT He & Tw Lo,

. w>_6 exp{——0.44< g;’ w>_4} ------ (5.2.22)

S(w) —~—x0 11Hw2Tw(

TEZbND, &0 Hu, Twk LT, EBREOBEEDS 52 R BICEU G, & 2 s U T
TEREBEOH VDD, HBHWILEN L FEREAE LB L WIHETD b,

—% LT.T.C. 3@ { Moskowitz-Pierson 0ERXE2HEMT B4, o H®E U & LT
HEDDOHFEHET, AREEHEZONALEE, Th2bEDLNSYME (nominal) Jilad % £
BT %, coBHRPYFLBEL OBBRREL { OEREDFEFL LT, KOLISED T D,

U (kt) ‘ 20 30 40 50 60

] H, s (nl)l 40 5 64 8.08 | 10,97 14.63

Moskowitz-Pierson O+ D & DO Hh SEENEENE, BAHREAZEE - TL 588, Ol
HOBEWE ZHTREDIACLCEEAEAH LD ORI, BEo@Ene 5Tl n
BrLTEZBRTWD, TOHETR, HHIRC O%MREL B 3% Moskowitz-Pierson ©
2RI FIAMDHRCEED L LTELTWAY, Lt TR, FEENE X - TTX
TEXD, ARKOEELDL,

S(w) = g_.e“ﬁ‘ ..................................................................... (5.2.23)

A=8.10x10"3g?
B=3.11/H,? (Hy : m)
OREINWBZ Lk B,

XT, 2o, L.SSC 2= +F3 661X LT.T.C. 227 + 5 L2 TR Y W< Ohic
iz, TECALY y THHK L - Tkd, 1=120° O & ZOMOPHAE LK LT 1E hotsk:
Fig. 5.12 2 AT, #igh, ETEBhOX <7 7 6 %5 L, Thbb,

Sos(w) = | Hor(w) |2'Szc(w)}

...................................................... (5.2.24)
Szz(w) = |Hz<(w) lzscc (@)



TZTC, Su(@REEED, Sw(w), Sw(o)RBHEN S I ETIRROZ <7 5 4, He(o), Hx(w)
REEICKH T 5 BN MR L0 EFRAOIEMEUR AR T, S&dr2 ) » THA TR K
BEO Y, RIEROIEER O/R L0 5 E5K, RENN & B OBMETEbY K(k--2)
LD, Tihbb Huki(w) L LTKDHERTWEDT, |[Hu(o)| = |Hue(w)] Xk & UTHERL
Fo RITROOUBIHER, BOKS L CHT 5HIE 1 Ofr 2 TRoTHY, Fig 5.12
B 2=120° OF [ b OBIC KT B U HeE % L KHUCHALTH B 2= 27 g TH %
b,

/ L ot@ e (5.2.25)

In-g
LI oTC, WRIDMETHKALL &R, MEATHELLEHEY o K UOURIN B IEEE ©
L LWERTIHENS D, HIHLAEARI FS3LBKOE P EDBDTH B,

oM ﬁﬁ%;

- ¢ __
"i’ J f 1 : 4 N S S A
iﬁmmi I %mmai ﬁm&% A

w m/S) \ l‘ n m s)
— ' | |
LS.S.C. 6 7.0 ! LT.T.C. 15 4.8l 8.47
) 6 8.0 [ 16 5. 46 9.00
rrrroe 6 | 90 A U 9.60
mow o] s | | s jmoawm| s e |

Thbb, Mk 15m/s, @m&mm6nlfaon_&&mﬁﬁ.lssc ZRYJ b T LTS 6m,
4% 7.0, 8.0, 9.0sec & L7y, &X LT.T.C. 22 b3 n%ifiadia 15 16, 17m/s
&Lty (ZRIBERMEE 4.81, 5.46, 6.18m & Lz Licfiihd 2) © FRFRiIcoWnCEF
Bk,

TOLE, PRI b7 b Su(e) BBHEOBAESTHE LLZRERDRARS F5 4 Thb, T
AR, SEGENITE I CMOBEN DL ED V=13.5kt THoki &, 1=120° RO
WH» b BBEIMEATHMELLL ED, BHEH o KW T 55808 TH 5, HBEETHL
B 1=120° OFHHLB2bDLEZTHDEDT, TOHBARTFFLd, 13.5kt (=0.69
m/s=v) THHEPD y=120° Fiih bOKICHT HMOIEED, WFhd Bl EcEE LxBEc
HLUTHHEINTWD I i s20, ZOMERLDCRUKEN o kT 250 THY, HIL
bOEDHILENTED, RELLZOKREGONAMOIEDZARY + 5 203, Wil FE U i R
CHT25DTHD, —77, RBCUESIAZIMOMIR, MEesWTHEIh DT, HEED
MUET 2MICBEIN TV BERMICINT 25D TH B, Lk TBEKIC DWW C BRSO3 %
Licd N TE O T& b,

\)
WEHE O Y S S Tl T AROEX L, })J/ifsw
ave

dEx v T5E (Fig. 5.14), HEHEHR o R /27// gj Z
DREBEED S RD ey R .
JHEB»BRD X ST HmENSD "y L

we=w —RvCosy

2
=0 —-2 pcosy oo (5. 2. 26)
g Fig. 5.14 Deffinition of Encounter Angle

ZIZT, ARI I 0 % o l”’*fﬁﬁ?‘é bl (o &
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S(@06) Ae =S (@) + -+ vreevrvrmarsssst it (5.2.27)
THRBNEAE bW b, ZfKi

S(we) = S(@.. % — S(w)—L —

dw, |
‘ dw
(5.2.26) 5
doe _ | _2vcosy
do L= e
LitoT
1
= e .2.28
S@d = S@ T ~pycy (5.2.28)
— 20COSY |
4

b b LI S(0) % S(w) WEHRTINED S BFAKR, (5.2.26) 25,

cos
VEOS X2 — + e =0

A o0 KDOWTHWT,

- \/1 —4Y Cgr-slwe

v Cos ¥

(]

2

BELRLEND,

Lzdis T,

S(w) =S(we) - _di) ) :\/1_41) czs I NI (5. 2.29)
do.

X o CTEMHETE LW,

Fig. 5.15 » 5 Fig. 5.16 ¥ TR IO L3 LTHE LHEN, EFEROERN 27 b7
LTH D, Fig. 5.15, 5.16 @ ifii L€ Ui BRI [ 2 g 0 @D TDART b
5 nTCHY, Fig. 5.17, 5.18 13, Thux LR > THHET 2 M IFE U R M3 5 M)
W we WOWTDARY b T LCEBLLIbDTH B, Fig. 5.15, Fig. 5.17 iz Test No. 43
(A) LB WTEHSIREBIERDOR <7 L7 L¥RBA LK, T/4bb, Fig. 515 OHRERHOD R
Y+ 7 1 Seewe) %, Sew(@) WEHRLTHRNEE 0 OWTHELEZRRZ F 7 AL HEL,
Fig. 5. 17 OHFRBERIEC @ KOWTEWLALRARY + 5 & Sw(e) %, Sw(w.) Wil T Ul
BDOANRYT b+ 7 4 Sep(we) ERBELIELDT, REOEMBRELBA—iRdNE LD HATIT
5o

cnbic LR, LS.S.C 2y + 7 aTRiE Tw=9.0sec, Hy=6m & L7zcdbD
2, LT.T.C. 27 } 5 A CRGMEEL 17Tm/s & LicboT/bbibBEmsr Bl 6 m i



Pitching

Wwaves by var of ,
ISSC Spectrum He=6.0m| 1 Mark |pjrep ©
7.0sec |---a---|5,33deg®
8.0sec |[—o0—[5.37deg?
g 9.0sec |——0-—{4.8 | deg?
& Medasured on
2 Encounter F:eq.
® Inverted to 4.23deg"
Absolute Freq.
X
1.0 S
L ) X cfrculor 1r}aquency W sec
1472 109 8 7 € 5 4 T
WOVGS by perio sec
ITTC Spectrum
Nominal Corresp Var of
wind Speed U | Mark |@aye qi Hw [piten o*
30 15m/s  i—--a--| 4.8Im  [3.31deg
o 16m/s  [—o— | 5.46m |3.99deg?
o 17m/s |——a-—| 6.18m |4.66deg’
L 20 Ao Measured on Encounter
@ 7\ Frequency —— 2
© inverted fo Absoiute | $+00M  |4.23deg
Frequency ——X——
i0
o 05 10 - 1.5
circular frequency w sec™
1412 109 8 7 6 5
period T sec

Fig. 5.15 Comparison of Measured and Calculated Spectra

mhsec

(On absolute

frequency)

Heaving
1ok Wavés by [ISSC Spectrum
BL He=6.0m| Tw Mark | var, of Heave o*
.y 7.0sec | ---4---} 0.839m*
6| 7" 8.0sec |—o—| .62 m*
A 9.0sec | ——o——1 2,46 m®
4 7 ya
/s
2k /
»
0 * 0.5 1.0 * cir‘culurlfreq. w sec
1412109 8 7 6 Swiod T sec
1of Waves by ITTC Spectrum
Nominal Corresp var. of
8 -~ Wind Speed U | Mork I\ave T, HvlHeove O
6 15m/s —--a---| 4.81 .29 m*
16 m/s —o—| 5.46 |2.05n
1 7m/s -—o——! 6.18 2.95m*
75 Circular 'freq. w sec”
1372 109 8§ 7 3 5

5
period T sec

Fig. 5.16 Calculated Spectra of Heaving (On absolute frequency)
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biliv 6.18m ®IRTZARJ b+ 5 %AV LDIEN L SIcEbIT Wb, 17m/s &\ 5 HE
1, Table 5. 6/ 7R ST 5 FHBEIFHC T WIS A DO JHGED B ED BV o THEED TEYAETH B,
ATETR, HEME 7 % 120° 8 LTV B, £ HPRKRE LT 130°~140° & $hud, MUKT
LALK—BB I ADILATHEND, L LEOBRAHEDWED B\ o Th, F i+ OMAME
KLESWTHEE LA ARSI b I AP ERA L E TEBL TV E1DMEL DV, TEH, -0DB
EO—H% KT eAUNE+HrE BbiRd ik b,

ARG b T REBICIES < EEHEO IR, 0BLIN O ETIBD LD E L CRLTN S
b as, ERIBXAHFEARI T L RMARI FILED L W—FL, LT.T.C. <2
FIoab LSS.C 27 b5 ad, WHOKBLE LTRMED L EBARDLTWDE NS &
ZRL TN 5,

BEINDORICKEE LR Y b 7 400k e LT Kb s HHER O 3 02 2 ERED 5}
e & DIBAL, FRIRLEZL DAY b T bOJIRD—F A AL I EIE D 43 % v
T, BEENONIME, (15AE, BEHGH 2 OMHEOETEIC b, BRAHNOMES SN T
BT EMGD,

5. 3 RGN, BHHEES SUNERE

5 3.1 iy mH

REMTIS & xw Fig. 4.5 TRULA L S, fRPRIBES I 3¢ EFR K OMNT KRic
BREDT B — Y RMAT U CHA Uk, BN — U & B R e 82X 06 7 R 3 % KU
BB E T 5 2,

B IS TRBEET 3 S SR~ 2B Y, WHBBEELXHRL TRV, & & Tt - THRIE
HERRDBHRTE B E Db, BKIEAD & 5 ICEIIN £ % & FEOS S HADLAH YL
WARBRIZH A R T S OOEMNR, NEWIEHTEIRD & 2 5 Tl 20 JIFE L Bk A HE A I %
NEBIENDBH Do OFHF—ITHRALT — 2 L a— L CREFE Uk %, BT oW
Briufe s RE BB L CH 5L k< bh b, BEDBETS, HHEHEDBEOMEBLD ¥ <
AB DI, FHHOEM TH—RIRBINE LD DD D, BREIC X DI/ E A2 (7 TS O HEE &
WO HINCHIE S0 B edicid, T OBMRIENHTHOBRZPPREYE TH 5o 5S4 7 L]
WL OB SN T, M E 2R EERO S —NSNE OB AR LS L bz, = 0@k
ERHRERA LT LPORTHMTT I NE COREDATERETH DM, Tk, LEOBHEE
DOERHED 7 4 YK 5T, EHHTD root mean square (R.M.S.) VE Kb &5 Fef
b, E&UTHERTEHROMTMREMAVWS Lt L,

HABMES L 015 FROBIIRE CPELEAEE Uk MK - B/ME) Xok, Hmo@Enizig
Rayleigh ity U, 4~ 748 Xi OHRFEIG E, $hRB 7 v Xa4 v YV rsnk u O
ik o (RARBIHEREE 02) Wk o€ (Fig. 5.19), TR

X2
j10.9) =2§e"5' ........................................................................ .3. D
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— 66 —



Xe Xa
X,
X3 -
X
/1\ -
x.!'
Xa
Mean Square of Variance of
Peak Values Rondom Sampling
E=ZX{/N R=TX3/n=E/2

Fig. 5.19 Mean Square of Peak Values and
Variance of Random Sampling

X Xxic Table 5. 4 IR LA SARLHT L, AFEOFHMAORMIIEID, WL or0RRET
KT LEMIA AT LA ST 4, BLEERERD RM.S. VE O FE5fE (Table 5.7)
ko Tl b LeSTitst e % Fig. 5.20 WiRd,

Table 5.7 Root Mean Square of Wave Bending Stress (kg/mm?) for
Each Testing Number and Their Means

et | WeeHige @
| Range | o0~15 | 1.5~2 | 25~35 | 3.5~55 | 5.5~
 Head Sea \ l 0. 199(290) ’ 0. 608(293) | 0. 306(374) ’
! RN J IRt St S St |
! ‘ 0.075(299) ' 0.096(244) i 0. 280(390) 1.720(276)
J | 0.110(318) | 0.328(287) | 0.700(272) 0. 700(262)
i 0.761(266) | 0.615(223) .
Bow Sea . | 0.090(307) | 0.466(334) |
! ' 0. 138(268) | 0.425(330)
: 0. 840(293)
0. 092 0.379 0.376 1.210
| : 0.031(223)  0.610(225) ' 0.624(249) |
! Beam Sea 0.337(113)
0. 479 .
0.01821343 0. 122§159§ 0. 232%1563 i 0.336(179) '
| 0.022077)  0.184(165) | 0. 564(127
Quartering 0.810E263g 0. 206(146) ! <
0. 264(236
Sea 0.258( 97 :
0.020 0. 290 0. 340 |
Following 0 112( 88) 8: gggglgg
Sea 0. 590
Mean ' 0.067 0.363 | 0.458 | 0.422 1,210 |

Numbers in the brackets show the sampling numbers

BHgo T, 19 - 8- K EoHELES, B - KBEAKERCIDHE )t & »n

B, BLIHETEXAURUEOMMOBRATEHNED bR, ThRY — VB L0 TAHEHERER
el Trb0 L Bbhss, *0ZEHEY FEOBRRICX 525 EC KT I LN TE RN
DT, BA EEETEKPOEES) »50LHoMBRAMOEE, TR LROHRAGOES)
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Fig. 5.20 Histograms of Hull Bending Stress
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w, DEEM & FEHHTeRvE A M T LAORORLBOBHEYNL 52D T, —IBHE LI 4IRS
BT L Lk,
DRI Y 5 TR, RELRE R T 4 2 L~V OfER 0. 4kg/mm?, WEHIRIE (B 23 30115

) AL 0.4kg/mm? & Lk, ZhiC20»WTid,

R.M.S. of Stress Amp, (kg/mm?)
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Fig. 5.21 R.M.S. of Bending Stress versus Wave Height
100110l W12 82 3 49 \ 20, S0 100 200 800 1000
—  Seattle Maru Retun Period{Day s)
— Hadoson Maru
‘\6 Settu Maru
E -=- Oshima Maru
E --- Montana Maru J
2 ]
X 4
g 4
€ 3
Q
O
S~ 2
()]
(1]
E }
b AT
S T ey
99 99 999

0 01051 23

45627 8 9 95 9798

QoI itz 18 2 3 45 0 2030 50 100 200 SPO 1000
—  Seattle Maru Retuh Peribd(Days)
— Hadoson Maru
61— Settu Maru |
? -~  Oshima Maru
£ —- Montana Maru
} 5
x
~—
X 4 =
.'/" -
o
~ Ll e o4
g 2
22
pre I N
u
g,
n F'equencyL
o0 OO51 Z3A456 7 8 by —55——ghr _119
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REx T ot MARIBOAE SR L 5T, AUEZELSRITLAEEAAOE R 77 a0i&b
DTKBRENLTHOT, A2 a5 7TefindhBE»OFHMITCE T (ABEWVWS 7 412
—ZBLT) RDLER 7LD, OBEVWER 742 TH0L LT, ELROEBHRIE
HERDZ LI Lk, COWMPRIBOMER, ZOLSCMFEROUEORMAE CRDORIRELD
TREL, B2EUATORNEHREITE X OMOBRFCRBERLTIVWE WS X5k, B Lk
BRAOEH > TRDDERELDTH DM, ZORRBERXARICEINTWBMNETH D,
AUARGHETS, FRAAOIRK VEy 12 Table 5.71045 £ 5K &bDTHBDEDAE W
LbOTHHH, ELKARRUELRNELLTLHT, LML BAL CHGEOADOEKE LTE
bLTHBE Fig. 521 OL3ib, KBBEDKLDIK, I XCHEOMILEED cRdIZIER
o 2 fig Kishu (12,033 DWT), Eeilih (11, 184DWT) 0 HIRR SRR AR THI, 0 2
MOLFRA Y0 77 LOFHIRNMC L DD TH %, HMKEDLDENRAEL, ZOLEBHO Y%
MIT DR EXLEBOBREENT HLERS DL 5 TH D,

Yuille?® O FE - THBBRTES & & Ot KIKJED 3% 7o 35 Fig. 5.22 0k 5
o AR bBED D, BIERBOEEA, K, bAAKLIEITREZANL O 5 1 #
B2 R ANRTE VL,

5 3 2 HRBAEFE-—XU

B D KBULICHE 5 T, B0 ATLD b, LR O MMA BT 5 I BT E O 5
BHEHELT, MERFEX UL W IHEAERLAY, RBWAOHBERNC DL 5%
ZFBEANRDN LD E LTV D, BBRHED S bbb EEAbORGMTFE—2 v 1T, hET
BEWECHT 2EMBRROBLAED, COREMTE— 4 v b adRe LT, ko 5
WP O IE I ORI Z 1T 5 T B,

IR EIIMRT - SLITRGE - MK - AARRU AR L 5 TRIBRENT 2O TH B0, Eflo
B L > TH DD DMOWRNEDRMGAHRD B L RAAHET, MBI LRHELBEO NS
WAHISHRAERIDWT, ERHEE B KNHERL L TRIKOIRIFOIERES L RD, ERsh
IFEROKH TR BN TRPESAZHEL LS LW RAENRLIN TN B,

fel 2, WEPT LRPEH RO BOPEMPELD i & TR, PN S X RO RENRE
wonT, FEEH G, 70—V F, WEMAEE 1 S L BE A BEDR T, fEkEs
ERITRENENZIZES KAERIFHE LT TWd, ThHOHETE, ERiide—2 v
M ZERITCIL LT M/pgl*Bh OFTL Y Ko THnBDT, 22 Th I L WKL AT
sk B,

TIT, Em#iE— 2 v MRE (KR & M (t-m), BoRI% L (m), HKOHTEED
pg (t/m?), JEHiREER X (kg/mm?), [SHEHBSOWTIHERY Z=1/y (cm®) & LT, WA
T—X VMM %

pgL*B pgl®B

LEHETHT L L L, Table5.8Ic Lp L 2B LUHUMO I N bDERYFER LA, RM.S. ko
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Table 5.8 Principal Dimensions and Factors of Reffered Ships

'L B D DWW Iy Iy

! Co . €= ogl’B ;

i (m) (m).,_.i (m) ' (em® g /mm?)-! !

Seattle Maru 145.0 | 19.4 | 12.5 ’ 12, 000 ‘ 0.67 | 6.0X10°| 1.06X107 |

 Oshima Maru | 145.4] 19.5 | 12.3 1 12,000 | oei' 60x100 | Loaxi0
Hodakasan Maru ‘ 067 | 6 ixi0c

145l| 19.6 I 12.5

H0051er State

1m5|mﬂ 16.5 15m0‘om

9.0% 108 1. 17><10“ |

Wolverme State 151.5 | 21.8 16.5 15 100 l 0.61 9. 0><106 1. 17><10‘

60><106 1. 03><10‘

I
|
nmo’ 7| 6.1X10° | 0.98x10™

Ddorurnacscan State 140.0 | 20.8 | 12.5 } 12, 200 \

Non-dimensional Bending Moment M=M/ngf’B=c-X (pg:t/m? M:tm, X:kg/mm?)

WThRBkIC, EHERIEO RMS. % VE,, #Xjite—xv+ M ® RMS. » VEi L&T
Ekd B,

BRI IE I IRIE X o RM.S. VEy &, & Fig. 5.21 TRLA XS, HE@EOIOEK
ELTEDLTLEDDTHEDLDENKEVS, FRGT L VEx OFHEX D, Thia Rl
Lk VERIEDOWTT oy b L, ZRERESAKED B ERi< & Fig. 5.23 83535,
K, FELALOmMOERC LT WELDTH B, KEISWTH, HIPOEHR 3 Ereon
TE S KREHIRERS 83520 T, TOFEREHALBEBEDOLDICHIML iz, KE DR
C BB LOMFED, BEARBROLALRAU T, MR C 2—7 2 — MIET BT IE
HOBRIED RM.S. 2 WHETEREINTWBEM, s H~VER OBCHBE LD TH %,
INnBHMoFEHD Table 5.8 R L TR\,

BB OE TEHEHIC X 2ETEMERP O F + — M 2 5, ABFALNOMEIC OV TREAIE O BiR i
Fe—xvrakodT, BUL Fig. 5.3 R ARTHD L KO LI A D, TOFHETRLUTO
AL RRE ZF% D 2o

a) MoEsir L=150m » Uik,

b) C;=0.60 3 XTF 0.70 OFILHEND, AMEEL C DEACHEL

) TN— FERARTIIAK 0.22 BETH DM, F,=020 05402 TRV,

d) HAMEMOHTF v+~ FAABRIRTVER, 5505 HAME FEHCHBT LD LK

ELTZ 0w flvic,
e) FHEIikmiS T~ 4 ¥ b EEEEBOEKE LTEDLTWBDT, FEREE T ¥
B (F&RES) b LOBEYRO L ICRE LK.

WX OBREE E LCE4L RollPy p Walden®™® o AFE¥EORK ORI %A T %5 & Fig.
5289 DX Bichb, MBTETENSINLDOFTE L 5 Fig. 5.25 oFEA{GLN 5,
—HARRBRBC SN CEA LAEE 2 25 A OMER (Table 5. 1) ML DN TW A MR
I RO TREL, S DIENKOEYR

B T 07 i A (5.3.3)
BHWCT h—=1-T OfEFEE2RHELDd DL, 13iE Fig. 5.25 OFGIGEVWDO T, ThxHn3
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Root Mean Square of Non—Dimensional
Wave Bending Moment Amp, /Em

xio™*

M=M/p ai’B

(D —— Seattie Maru Jan.66 - Mar.66
-——~ Oshima Maru Oct.61 —~Nov.61
~—-— Hodakasan Maru Dec.59- Apr.60
. —~—~~— Hoosier State Nov.60—- Jun.63
/% ) Wolverine State Nov.6| —Jan.64
//~ ----- " Jul.64~-Dec.64
Z ( L=150m. Cb=0.67 ) -—— 4 Jan64-Apr64.Dec.84 -Mar.65
Fr=0.20 Cargo Ship ® ~-—~ Mormacscan State Apr.64 Apr.65
!
5 10

wove

Height {m)

Fig. 5.23 Mean Line of R M.S. of Wave Bending Moment vs Wave Height
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Fig. 5.24 Wave Height and Period as a Function of Beaufort®®

Z ik Uiz,

f) SRR MRIMTE— 2 v+ M OE#FEY Ru & LT Ru/ogl’Bh jc 5 BIKTETRY
LTWah, e lbe s OFETEYRWT VEy OB LI (M=M/pgl*B),
VUEDX 57 siIistich 543, Fig. 5.23 s 38D, Lhe dAs X EUMRTB DS
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Fig. 5.25 Average Wave Period vs Signiffcant Wave Height

G, MBS E— 4 v b OEHS AR RGBT £ BT OE AR YLD Wb DL E R
T Lo SROOWIZIBAL ¥ TR, RMORFEME, ¥, BEHEToMeonTES KixatFEas D
BRCWAEDT, MHHOKROMKIEHI LY ThhE, EMFREiTbh < Thiflic -
<, EEORO BN MRS RSB T LTI B b0 L Bbhb, kL, 4RbHH
DRI DV, SISO ME O EE AR T 5 Lk COERE PO BEHR LR HAE
LELBNETHBo |

ARERBUIC 150 5O BRI R, HAR~RETERR D JCAEERIR D & O 3@ O SAES AT,
Fig. 5.26 O (AVCRTE D CHEMISWHCH » TW 525, ERITERH2E 80 JERMA™ B L
L S O BFEEREY W L E AL A EED B A O RIS 1E (B) IR LT(CHOD X 3@ W~
FRTNB, 0EREB U TOEEYDO (D) RIBARLS & A0 | filiFok4 & diERE ok
BRELCW D, COBRBLACERBACL 20T, BECRETONEDH 22, ThrH
WK EEMEIR D Ak O R EERA A RIEE T L REAETH 5, —H#le LT, Fig.5.23
MO LH L H5ADEMD VER & h LDEFEARTFHise, Fig 527(D) OFEFHOWKEHRA
ERfL b, EEEDNRHENGARkDTHBE Fig. 27 DL H5Kig 5,

H
(o]

o

n
(o]

e}
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Fig. 5.26 Frequency Distribution of Wave Height in
North Pacific Ocean
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R.M.S of Midship Bending Stress Amplitude X. VEx (kg/mm?)
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Fig. 5.27 Estimated Long Term Distribution of Wave Bending Moment of
the Ships of SEATTLE MARU Class

5. 3.3 MUHHBBEAD
RIS R Fig. 4.5 KRLABY, BERGREESNAKEIBERTO7 v—2 No. 92) ©
ERT3A vz 77 1v—24 (No. 94) odisffic | &, A4 AHEI LA, WFNRb 7 5 v VET
THEI Lo BHAEM DI en, BARREL OMMABITT 5 R+5Th 55, BHHE
& RIBRICIRBEERRITIE e X 2 BRI 2 5 T1770 - 7z
VITTV—LXDBNEBOBHDOIRREKCIEWTKREL, 1.5 ERFEOHERL T B, /I
BOLHT 3 ARBT2IENRBICRSE W EMNKL, Fig 5.28 K3 L 5B iZEMECrOR
BOREK—REL T2, ¥~ VMHOBEN DD - & THD N SHEE QBN TE L o e D AR
RTH Do TO3HILOWT, BAOKNELEXRRL TS5 Fig. 5.290 % 5ici 3, Kikic
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B THEROBABOLGR XL TWBE3KAELN S,

FRIL 24 Arhe DA S RIBO K& 2 5 /NED hRAD BT DWW, EHSfhiof % Fig.
5.301L7k T, TOEABRIENDE & LAKC, BHBORERILALRVDT, RHMEO XK
OFEEEFEEL DD TH S, BERUBIRETH - Td, ARA GrRIEOM) »HE%
T AEAR, EE»LOBOEATCERTUGHRIBRRB AMICAE o T b,
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Fig. 5.30 Short Term Diststribution of Transverse Stress
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Fig. 5.31 Effect of the Encounter Angle on Transverse Stress
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AHOR PO D RM.S. i@ xikttic LTt b T Fig. 5.31 oL Swiks, HOHMIKE
o> CUBNREREL L ED T AL Chind,

Lo T, RISHDOEADLIK, BEXKTOMEE LIRETICRELOEXNAEBE, H
PN T DR EANDARBEDL L LY, ARKHELHECHREKIES L OMGLRHT O
GERBERBOBT LT EDRATWEND T, ThEGOHBKROS THEOKREH T LK
HLBEbhsoT, 4%OBBLLRATIILIC LI,

5. 4 MRS HEDREM
IEL 5.2TCif~kE oK, REMILBAELSR, Test No. 23 ¢ No. 43 ItowTRD b 2
vags g a e 2756 Fig. 5.2 15 Fig. 5.7 KRINTWD, - 2 KRFHENR, BT,
— 76 —_—



WAET O FFAGEEE & RS S, BBARGERTWED T, b & - TREEE) & B 0%
HARES MRS LB TED, ETINOLDRARS b I AN X 5> THONZIEORE L 3 &
5. 3 CHEBA N OFESNOWE L ORKETRI> L & & T %,

5 4. 1 BHOEESHBIFEARI P LABFEORE

xxE 5.2.1 OR (5.2.16) TRUAEL S, 227 b5 A CHERBHHIR RO Thbbd
L OBEOSM 02 CH LT Do 02 BIDEHIERARY b7 LORIRS D KD BN DA,
LOEBUCca LR /T aoitEor RO) L LTRDBRTWE, b L5 3 THRAREE Tib
B, BARMED LA LA S EES &g, E=20.2 ThHBM5, 530K, Tibb i
M HOREE TOHIRE (X) OHRERL LTkdh Ex &, 2Ll 7 affifiTRKbONRL
20,2 LI3—BTHRETHE D, TOREERT LD, Table5.9 T35,

Table 5.9 Comparison of the Results of Different Process of Frequency Analysis

i A-D Converter' Freq. Analyzer,
! Punched Tape ! Peak Count Method
& Computer
o ) or=3x2/n Ex=YX#IN
‘ ‘ + (=
Longl. i Variance oot | 0. 395
Stress | Mean Sguare Ex=2052 0.790 0.70 0.63
Test | R M S. VEx 0.889 0. 84 0.79
Mean Amp. 0.866 v Ex 0.770 0.73 0.68
No43-A | 1/3 max 416V EY 1.259 1.19 11
Trans. Variance az? 0.943 l
Stress Mean Sguare Ex-=20x" 1. 886 1. 41 2.28
(Fr. 92) R. M. S. v Ex 1.373 1.91 1. 51
Test Mean Amp. 0.866 v Ex 1.189 1.03 1.31
No.43-A 1/3 max 1.416 v Ex 1. 944 1.68 2. 14
Trans. Variance oz? 0. 479
Stress Mean Sguare Ex=20:* 0.958 2.35 1.29 t
(Fr. 92) R. M. S. v Ex 0.979 1.53 1. 14 i
Test Mean Amp. 0.866 v Ex 0. 848 1.33 0.99
No.23-A | 1/3 max 1.416 Y Ex 1.386 117 1. 61

WUT A ORI, LA VA SO ERIESEE LNES < OLA, WHO IR KHN X v —H0
FBRBEVSTEWS, NICRESFLL—HEDO L AnHDbAENTNE, TORRE LTK
DEDIbDOREL DN D,

D REESOREO AL

BAOKRIER, & BHOBHICL > CET S, — v OEHLIL L FHABRL({ETY » Ji
B2 THi o T B, ZOMARRIIEC ERSRBEL K-> T TRIESIC X 2RI 0K
Eh s L HESOBIENTS TR oo

Uy 4 o RATAEE X 2880, BEROFHAK W TR, Sih b oy GilETEA
i % X HRGHA V- L VALY o THRER TR - TWHO T, BIEETR S 2RRISH 2
boRhe UGEEENHE LTY S CEHIN, BEWERRBIOEELChT T enter
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EWV o TEW,
i) W7 —TRBEEL, BHXTOLOOEMEEOET, S IUSNEEEORARS T
Eo

T4 A - CRIEBEHERSHE L T s, fEBIOCHRHBMLLTLL + 5 Tk
{, BLEYOEMBRIBRE Lt THRRDAIRES 2 BHEINYES D, COZ LR
HIHL 1) OFHEIC L o THEEZRD D HEXMAI R BTN E £ o o

i) WRi7—FRBOBRC ¥ ) 7 PARRALEZ &,

BLxobom R ERGHINALTY, HULRS  BHBOLVATFLCFY 7 F ZofliT
SELEAKBR L 2L 02 B 5, TORACR LB LA ETRBEIALHEHM LML, <
NEWLio ThOIRTEED BLENS B, b LI RRTibih - kEaRERGEIM AL A
&, 4t QUSRI CTY ~ 7Y v IR ITRY,  TORMMEY AV T i - IS L Xz~
7 b7 ABEEIN, S mRBENRETREI LK D,

SR m(D) =0 Jg 5B ALV, EEEBERBINC Y 5 T3 ehEHL TV B D
DKL Th, Bills VIR Z O X5 R E2 TR ok & T 5, BIMINE LT il
RO EEZ B, Thbb,

K =) +Y(L) orrerermreriremrii e (5.4.1)
Z UCEgHR

) =@ Dot oo (5.4.2)
THEbEINbd, THEINY M TLiilloitidy x: T35

Xe=mi+y; t=1~N

me 2y LRACHMB WSS, 0 ORR 621, ¥y O o2 & om OB RT B
Y on? LOMETLD, ROTHBILOIMK 02 KL THICIIZ ou? KO AKEH B, my
Hote~—c ORMICEBI 34T 500, filihERcl ) o

G TmC2/3 ceeerr e e (5.4.3)
LB UMD, TORMKUNE LT m(@) oHftEiR,

xi=a+bti+yi ......................................................... (5 4, 4)

~

RV ED Tyd BhUNCI D &S, BNEREHC a, b 2RdREL v, *0 a, b
DIEBELHEIANCRD B LB TE B,
iv) BEOMMIBEECR LA VL 3TN &,

5.3 THRALFHETR Ex BELOBBOHELHL LTRDOLN TV B, Zhs x(¢) O
ool D2ECHELVEVWS DR, BECRBMOSHNLA LA S DL SDHET
DHDT, LORDLRARY 7 LRVWDOBRIHRCHRINIER BV, & T 553, Test
No. 23-A % No. 43-A OHITHBL, WHDRRI | T LOEHBE BN E Ve Tib
b, AT LT LDGHEERT/ AT A2 €

_ 2
€2 = MM I e (5. 4.5)
mym,

L,
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mo={" S(w)dw—»MAt[Z; $(w2) +—12—{§(0)+SA((0M)}:|

m:&wawm» z%swg+_wﬁsww]

il

m,y :S:ow“S(w)da; Z Wit (wi) + é——-wM“ §(wM)]

Mdt[

oftiz, Test No. 23 Oy « BUSIOHK AW DN TEITLTH D LKD L DL 5o

g |« A T Ji
_ﬁ ‘ e IE\ }J ’(71/ 4 No.92) | (\71571/[[JAN0 94)
e \ 0. 606 \ 0. 741 | 0.737

E R’ 0O~1 OFOfiEE DM, ThCkd bW BRITBARS PFatbhd €0
CieeiEl, LA =1 OHKLEV,

Thbb, TORARYFTARBUENRTHD, WRENEL THREOI MO LA LA
SAiEH L ETHHAELELCBER N Enibh b, FELEDEELHTH, KiROLAI
RBEELEVWRTOEOR/NMIPAORABMAL LV EEL, 2O LEENT TV, €DfE
Lo, BMAMAKRD > CTADKRAMO LD BHEGE ¥ L LT

E2m [ (1= 2F)2 e (5.4.6)
DYELD B LWV TW B2, KUE» b4 B L EE L V—HERL T 5,

5 4. 2 [mHEMEERE OHEE, Z0f

COL AR LTRDONIZRARY b7 LA HIABETDERO LD SHEARD LN D,

i)mmﬂ@e—ﬁ%%?ﬂ&ﬁmﬁ%h@ﬁ—ﬁm&ﬁm,ﬁﬁﬂ@€—7ﬁﬁﬁ@ﬁ%ﬂ®e
— 7Rk {—FK LT W5, THbBFig 5.4, Fig. 5. b Kb Tnd X 3K, HUE
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Fig. 5.33 Manoeuvering Indices versus Angle Velocity
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Table 5.10 Results of Auto-Pilot Test

Auto-Pilot Adjusting* Yivnng R}:dder S;’eermg } Course II
H ‘r c W dngle mplitude | eriod 0O Stab}e ; Test No.
b A deg. __ deg. _sec | x Unstable S
i.5 3 0 ! 1 8 20 O 202-1
” u” 3 5 i 20 45 X v =2
” ” 6 11 30 58 % ” =3
2.5 " ol 2 16 23 O v -4
” 4 3 9 40 48 X n -5
” ” 6 19 52 64 X ” -6
1.5 1 3 2 12 42 O v =7
” 5 3 9 36 47 bl v -8

* H: Helin adjust, C: Checking rudder adjust, W: Weather adjust.

PRALETH D, X OMMITIEI, MERE L L FITRB LD

Weather adjust % K& < 7% L RSO AE AN, HEEANLERKCES TAE D,
FRAEDI TR T B U AE < Yx 5 T B, F /2 checking rudder adjust & helm adjust # k& < L

fe & SWHABALZIRICIL 2 D&Y 2R H 2 2 bR TW B4, T O#RG EhaUZE
LTWwa,

MO GERE I B, BMEOBE L i E OBIR N L OB H H I RD S ok
P, HEBEANZ VSRR LW S Ebivic, i weather adjust ¥ checking ruder ad-
just W EEO 2T F THEMO X S ibiii,

LB 0D 23 0 D BB & BB 645 B0 7 & L IEBEREIR I K, T & MiBfk &
L H3 helm adjust, checking rudder ajust, weather adjust & @ik owTiz, &b
DU BT DS L CH B,

5.5.3 % # 8B K
RRRBLITH, dieldle X DA I X BT EES S SO *IE 5 & U, FlhE ik [ B
TE U THICREZIRIEL T b, TOBIA, KMEMEPHEEC L 5L, fEomuuisin, Mih, M
R, HIERSSAHAL, BT BAEU UERBMAAE (Y, EEKFOLINE k2, *Ok
B, S RKELHITL TV BMABE DL D HFMEIT R o TV B %5 2 2%, RO IR
ERBIDICHEILI L TH D, & DL DB SBAMIIRIIIC 5T, IRRIBELED 5394
D LB A XD BRI RSB LA s, 4lald & i Pk BRI T B o b EAEHIE O F A
fTo %o
BARESIT B, RIS A IR RS BT L, I UCEM SRR A At 3 ~ 4 850
B L ol WA BW-CRBSHMALE (5 5MAK S 28N 2HHN OB Y Hd 5 ) & HE
Lichs, Al & GIBRERARE (5 2 BAEMH 2B (fHRfE 2 5 2) b Ui,
i, MTRKEMITHORMERIZ L AL HERRENC L 5T D0 T, [l 8% £ 3% 7o helm
adjust, checking rudder adjust, weather adjust @ 3 BROLENMT b LB T D,
Table 5. 11 BERFEMEFHOKR T, HHRIMEFOLBROREIFiIIzhelm adjust 12 1~2.5
D 1~1.5 yT, checking rudder adjust & 0~5 Oh 23 X3k, %7 weather adjust 13 0
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BRI ARRO S b, KEXEEC ST 52002 BREBRE H Y 7 4 0 = YR EER & 5
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Table 5.12 Power Increase Analysis

*6) Py =100x4Py/P,
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1l yam. 1[15: 45 18.5 245 7.00 1.9412.0 | 108.8 cl,efy,sso 165.0 9.110 i 4 240 | + 2.63 235| e5]9.305 | + 288 | + 3.13
2| » 4|10:30 19.0. 230, 8.0 2.1,21.0 *109.6 63.5|9.640 165.5| 10,500 - 860 | -~ 8.19 ° 7201~ 14197810 — 719 | - 6.85
3| ¢« 413:30 19.0 210 7.015.7:20.0 109.3  63.1.9,610 166.5 10,500 890 | + 8.48 . 8261~ 161 97711 — 729 | -~ 6.94
4] » 5l10:30 18.5 2001 9.4)5.9.17.00 . 108.17 62.5 9.420 166.5 9.0 - 310 | + 3.40 656 -~ 1249,544 -+ 434 | + 4.76
s| » 5{15:30 18.5 2581 9.8/ 2.5:12.0 108.5 62.8 9,520 163.5 9,110 + 410 | + 4.50 0 09,520 + 410 | + 4.50
6| # 5w|15:30 18.5 300 3.6 2.6118.0! 109.1 63.3]9,630 166.1 9,110 | + 520 | + 5.71 |+ 125]+  24{9,606, + 496 | + 5.45
7| « 6fi5: 18.5 60/11.4 5.6:12.0° 108.5 64.4’9.740' 164.6 9,110 + 630 + 6.92 [+ 1,250{+ 240(9,500{ + 390 | + 4.28
8| ¢ 7 18.5 75(16.3,2.5;12.01 6.9 107.0 63.419,450 167.0 9,110 + 340 + 3.73 |+ 427, +  81!9,369] + 259 | + 2.84
9| » 8 12,000 1879 6019.3 3.6{150 106.6¢ 64.0 9,500 165.5 8,030 +1.470 +17.30 |+ 3,600, + 667.8.8331 + 803 | +10.0
0|~ 8 18.5 38 8.7 1.8;12.0- ,109.0' 63.0| 9,560 168.0( 9,110 + 450 , + 4.94 «+ 1,360/ + 259/9,301} + 191 , + 2.10
m| v 18.6 8971270130, 109.3] 62.9] 9,540 1685 9.370 , + 170 . + 181 .+ 1,530+ 20319267 — 123 | - 1.31
12| » 19.0 2821101 1.9 {14.01 109.5 63.41 9,680 168.3' 10,500 820 - 7.81 -+ 583+ 114|9,566] — 934 | + 8.89
13 - 19.0 L 2419.00 109.3. 63.6) 9,700 167.5, 10,500 — 800 ~— 7.62 ' — - b
14 - 18.5 0°'10.4 1.7]14.0¢ 108.8, 63.5/9,620 171,04 9,110 4+ 510+ 550 b 17240+ 3319.289| + 119 | + 197
15 » 185 .- - - 109.2 63.0]9,620 167.0% 9,110 + 510 +5.80' - l - - -
16| | {185 35 [10.511.61134% ,1103,-4 63.4] 9,550 167.8| 9.110 i + 440  + 4.83 ,+ 1,940[4- 369,9,181| + 71 | +0.78 |
Arrive ‘in Balboa__ _ o } } } _ . o
50 y Cristobal
= 18 12,55 ,r_b?.‘e . :sso ! f Lo . . = i .- . . ]
18] » 19]13: 00 1.2[ 0718.0] 2.2" 5.0 105.9° 61.0.8,930 176.0 6,700 . 42,230 = +33.30 , + 5,200 + +1,310 | ¥19.55
190« 20(13:30 118.0] 15114.0] 2.0110.0° 108.2 62.09.320 [ 171.5| 8,030 +1,200 , +16.07 + 3,470+ + 647 | + 8.06
20| » 21(13:30]{about "17.8| 30 [11.9: 3.9 6.0]6.9 107.2" 61.0]9120 1730 7.660 +1.460 ' +19.05 |+ 2720 + + 961 | +12.55
21| » 22013:30[12,000 17.5 45.12.7! 3.2 6.0 L, 106.2' 62.579,2701169.0] 7,160 42,110 +29.50 |+ 2,460 + +1,667 | +23.30
22| # 23[13:30 117.3| 90 16.8! 6.0! 7.0 103.7, 62.919,090(166.5| 6,860 +2,230 « +32.50 '+ 680 + 121]8,969| +2,109 | +30.80
23| » 24(11:30 i12.6, 30,28.0[14.04 9.0 6.51 94.61 60.4 | 7,970 | 163.5 | (2,300) (+5,670) (+246.7)+14,980| + 1,940[6,030 | (+3,730) | (+162.2)
—t —_— - —— - P S - —_ . e Tem
» 24[19:00]12,100 Arrive in Halifax I o B
w27 3:00 11,750 Leave Halifax
+ - - - — —_— . - - R
u s 21| — 11,750'18.0[ 2157 7] 3fiz0l, T T =~ ]’ 1 g0 7 - - = 721|— 124’ P { "
25, » 28110:30(12,000{16.3| 15,267 3.0[12.0] 77, 104.3| 62.99,160 ] 164.5| 5580  +3.580 | +64.10 + 2,110[7,050 | +1,470 | +26.30
. » 28]16:30 Arrive in_ New York | .
'Feb. 9] 2:00]15,280 Leave Norfolk }
26" « 10firoo], 117,07 315718.37 3.9]13.0 1064y — ' —- - — | 7,800 - — + 4.480[+ 783 — -
27 0 11113:301 070 116,81 300 |18.2| 4.31 7.0/ 7.0 | 105.5 64.6| 9,460 164.5 7,450 | +2,000 | +27.0 |+ 2,800+ 510(8,950] +1,500 | +20.10
28] » 12{10:30|° 7 117.3] 270 {14.0} 4.2{13.0 107.2| 65.619,820; 162.0 © 8,300 | +1,520 | +18.31 [+ a13|+  74[9,746) +1,446 | +17.36
» 13[09:00 ;Arrive in  Cristobal [ N ! _
» 131730 " Leave Balboa i X
. T T T }
29| » 15{11: 45 l‘g”ggo 17.2I 75| e.ol 3.0{24.01 7.o(107.9| 64.4i9,7oo\i163,st 8,120 | +1.530T +19.40 [+ 90I+ 16]9,684! +1,564 | +19.27
> t L y
» 20(12:30 Arrive in  Los Angeles : !
» 23]18:00]16,920 Leave Los Angeles | !
30| » 24]15:30 15.6] 15]15.0 6‘0:11‘0' 1103.7] 64.909,360] 170.2" 5,760 | +3,600 | +66.0 |+ 3,480]+ 556]8.8011 +3,041 | +52.80
31] « 25016130 16.4; 3111.3['3.5, 7.0 106.5| 63.519,410(167.0 6,850 | +2,560 : +37.4 1+ 1,800+ 304(9,106| +2,256 | +32.94
32| » 26{11:00 1644! 01 4.9] 7.17 6.0 106.9| 63.8}9,360| 167.8| 6,850 | +2,510 | +36.7 |+ 402|+ 68/9,292| +2,442 +35.65
33| » 27{10:30 j16.8; 90{11.0{ 5.3! 9.0 106.2- 62.6, 9,280 169.0 7,450 . +1,830 ' +24.6 |+ 2541+  44/9,236, +1.786 | +23.98
34| » 28]10: 00 16:8, 180 | 6.0 5.2/11.0 107.5) 62.8' 9,420 168.21 7,450 | +1,970 +26.5 |~ 435!— 759,495 +2.045 ' +27.45
35 |Mar. 1f11:30 16.7: 30| 7.6| 3.6720.0 1073 62.4 9,340 169.3; 7.30 | $2,040 +21.9 |+ 970{+ 15719183 +1,883 +25.79
36| ¢ 2,11:30 = |16.8' 285}12.2 4.0]20.0 107.6 62.8) 9,370 169.7 7,450 ' +1,920 +25.8 [+ 209’ + ; ! 41,884 +25.28
a7 ¢ 4|11:00) 7270 "16.0 300 [15.7 3.1[ 8.517.05/ 104.11 62.5,9,060177.8| 6,300 +2,760 +43.8 [+ 208|+ 319,029 +2,728 +43.30
38| » s{10:30>"" 158" 30,16.5] 4.6, 7.5 1104.3' 63.2) 9,200 173.0 6.010 ' +3,190 +53.1 |+ 4,550+ 74018.460| +2,450 +40.80
391 « 5[16:30 (16.3 30 15.4) 2.9(-4.5 105.2  63.819,360 173.5| 6,700 ' +2,660  +39.7 |+ 4,500 + - 754'8,606] +1,906 | +28.44
40, » 611:00 159 0 22.7) 2.8/10.0 105.6  62.7(9,250 174.1 6,140 +3,110 . +50.70 |+ 7,200| + 1,184!8,066 +1,926 | +31.38
41|« 6{18:30 12.0. 15}20.312.6| 8.0 93.3 62.9(8,200. 177.1 (2,300) ¢+5,900)] (+256.0)'+ 6.360] + 785(7.415 (+5.115) |(+222.3)
2] « 7|11:30 116.6) 285 |11.3" 6.0] 7.0 ‘105.3 62.69,210) 174.0, 7,130  +2,080 | +29.2 |+ 180+ 31)9,179| 42,049 | +28.74
i3) » T|17:45 113.2] 315|26.4 12.3] 8.0 99.7  51.8'8,0801 189.5 - (3,230) (+4,850)1(+150.1)}+ 9,300] + 1,2636,817 |(+3,587) 1 (+111.1)
“| » 8lio:30 6.6, 60 [10.0, 6.1] 8.0 ,106.01 64.0;9.4501170.5 7,130  +2,320 ' +32.6 |+ 843[+ 144|9.306, +2,176 | +30.53
» 9[08:00[16,160, Arrive in _ Yokohama )
*1)

*2) Po : Including 5% margines for fouling.
*3) 4P —P—P,

*4) P =100x4P/P,
*5) 4Py ~=4P— P,
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Table 5.13 Results of Progressive Speed Test

1, Outward Voyage 2. Homeward Voyage
Date Jan, 12, 1966 Feb. 17. 1966
Weather Cloudy Blue sky with detached clouds
Beaufort Wind Scale 4 1-3
Wave Scale 3 1
Swell Scale 1 1
Diplacemeut ( t ) 11,960 14,675
e Pe 76.2 92.3 106.0 111.8 76.0 96.1 { 105.4 110.8
B, H, P 2,340 | 5,770 | 8,750 (10,400 2,480 |e6,970|9,000| 10,530
Ship Speed ( kt ) 14.2 16.5 18.5 19.3 13.0 16.3 17.3 18,3

5 6. 2 HHPOBAHBMEEHETOHRR

ABOBRMrED B NS X CHEABETOWBE > phcdic, 2FAMECOWTES L REE OHE
HEXRT % & Fig. 5.39 00 T©H 5B, AR S Test No. 23, 41, 43 O X 5K KEwR, B
AR 2HEREIL 5 TWB T & hbnd, R, WHie OMiEs 52 Fig 5.39 0FH0 %
Fen%k&{LTCHBL Fig. 5.40, $ X Fig. 5.41 O@EY TH 5, Fig. 5 40 134 d/@aE D R
FBERE DAY R LSO T, Fig. 541 BilBEH L OBEYRLAEBD TH 5,
ChEOHRR, [REENEMEOMEFRR, BT sER LCHROAN - KR - HEFOER
AE LA - TWDHdDTH B, Fig. 540, 4112 & < KIHICRIIRED B HMMOBE AR L
TWaI L EED, £2T, REUT CEERCOWTPPHFMCHITL TR & ET 5,

5. 6. 3 Fouling [CX3< EAHEM
RO BHEMOERE LTEL BN 50z, fouling « I « Bk X B TH 5, AW T
BIhboHb, %9 fouling Ko< EHim% Table 5. 13 @ GHEERARO 7 — 2 & sk
ORAREERT — 4 & & B L T A HEE T 5,
BEHBBRERFEOAMOPIKER, HHMM 4=12,000t, Fifiiks 4516,000t EX B5h250T,
hbodkBiosnT s EAthEL, HEBOHEES it Fig. 5. 2 »H6R T 5 L TRDZOH
Fig.5. 3¢5 %, CORKAERPAEINLEN B LTEHNOREM/MAFERL TH 52, AR
INEEMBORITEMRELAYBEL Y AEETHY, BEHNBOBIBMRINIOBEE TS D,
Z L TCHENRBREOBRRELAELRTH 500, BROEFRLVIDEEL TIV, LA,
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THERLOERIFL L fouling ik b &3 DL HEZbND, LT, HIES LTHEITHEDORH
ErHSTRWC L FE LT, fouling kb & S ENRMIEEMOTFHLEL 5L, BHAM
BRWSBLRILTENTE D,

AR AFBRBATCARL TN B0 T, LROBEREBELMC I ZEIMEEZ bbn, K
FMZI9SHENLABIE L Th 555, AERIBREMA (19664F 1 A~3 ) TR 6FRBL T
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Estimated Curve For New Condition——

Progressive Speed Test
Out  Ward Voyoge (Asuz.ooo‘; .
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Fig. 5.43 Results of the Progressive Speed Test

Who MICAMDEIA, ARHBEDREFEZICIES K BEABMIERN 1 BLHEx bh b, TOKK

PVTR [y ===V VBT 5RBIERE Y Kk oTh, BERORBER I EoX 1 ~2%0

TEIZNT 4 —FRZBOETHREDONZ & LTWEY, SOU0ERRBROBRIBZY L OLESL

Bhse
e [BHEROBABET 2B/ Ic
1) BRER=XHEER

€; A3 | Cy
o _—wn
— W,
LIRE LBA,
4ADHP_ . . AR, _, . 4R,
DHP =0.72 R, =0. 36Tf

LisBo AMRDEA,

4DHP .

—mp——.o. 05

THHrnb,
ARy 0 (4 oo
—E—,O. 14

Lhug,

...................................................... (5.6.2)



T b bAMRREEAINC & 5 BEHER O BARRRIEI0~15% L EX Db,

5. 6. 4 BRE&LTRRICED CEHEM
AV X 2 B HBMRAHR0BEY, AROEAKS BeitEsn, Fh—FR X258
#/in P, aik0#FXTEZ bR 5,

R.V,

= Aa s 5.6.4
Pu =55 (5.6.4)
KL Ro=heoi—pAV?
Ro : BESH:

o BRUKE
A K _E AR AR IE ik sE m
Vi + s R
¢y 1 0.7~0.95
ko R SE BRI
n & HEHERIER
Vst &
THbH, Lo TEEHHEI 8 20 EC BT 2H &G0 BN MG DE, Tibba
BhEmass, LEOHELHRLCEIL L, BOYRKRC I AENEMNTH %5, Table 5. 121t
NHOOEREHEL Th 5, X URER X 5 A2\,
¢,=0.83
p=0.125 (15°C)
A =270 m? (d=16, 000 ton)
=310 m? (4=12, 000 ton)

s
7

EUTEEI L,

ZTT, TOLACEHBELLRECTBENEME Po L3558, SAIKS P »b Pu % %L
Felit P—Po i X CBEOBEE ARG N T B, IS &5 SN, Hich &
DL bDEEZ HBREEHVEENDN, T TCREFEIR SRS, Bk 38 08ME T
RCPBOEBONWEFLTEL, 20 P-P. it LTERTHL Fig. 5.4 0B TH
b, AR T sea scale DENCHEAEXRMTRLTH S, BRIShALKREELEMNE LR
HEFETE oMM, CORBEDOTF— 420 0RIEELIC WA, [jET sea scale DREWHDIZ
EEDEMBARE A D BMRRL TW5,

ETAHT, WRK L BENEMBOMENR, ETEACETRCHEEL TV 5, ETFELOER
BEHEHON T > DT, HEhos2L D EFTHD, KR L 55 EINE*BEARIBIC
LCit&d 5, Fig. 5.4 WRTED T, ROHERZEDS D23, BELOEME & D EHMNE
T 3REXELMCRL TS, EAMbolii, HRe X 3 EHENSHENIRIED BHEC
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Bt sb0e LT nwkdDT, AROEA
AP =320 02 «overermrersnenr e (5.6.5)
TR, BEHAMERRET 5 RN TE S,

5. 6. 5 E&EEMEET

EIRTIRAEOTIR IR 2 R 40 TR, 1954~19604F R O KB M PERHC 1S THy 450 12
DR DWT, JRAME BEET & OMBELHHMCHEL TV 50T, T ORFREHRSH» DAMER
BCKin T 5 ERE IS L THIERL TS %,

AR —REDR ORI R ERCERRR, HE=14m, Rlixiddily=21.083kt TH 50
BEOITIRIRA TEKT B WHok 2 0.865%x21.083=18.2kt &7/ Y, L7Za o T ship group
2UNKIBT Bo & CRMSLECDSECAROYk % T A L, ship group 21 » kg7 5 & Fig.
5. 46D TH Bo AT, EHTHATHSORBEIUTRMEOARTH 5o AR L, il
FICRAL TV B B FEIMAOERE L ZF o L v—FE R LTV, Thiz, KBOEREN DI
B, EHDOXDREVWIEEEZNENROZ & TH D,

Seattle Maru|SR9OI(Group2!)
Head O —_——
Bow X —: x—
Beam A —a a—
Quarter [m] -0~
Follow ® —————o—

—~ [ 7 ‘ = l O % Le
g ﬁ\'@ﬂ:&*kx%\‘Sgéf
Lis —

AN
o ( Out \Wward Voyage) i

! e o
(Beaufourt Scole?

L1i~3 4 5 6 7 8 9 10

hel 10 20 30 40 50

Wind Velocity (kt)

® 'y '
:x: »@h-%,:‘ o g—f—b—10
=is T

b4

\ o
(Home Ward Voyags)
| |
( Beoutourt Scale)
Lt 3 4 5 8 I? 8 9 Lo
% o 20 30

wind Velocity (k1)

Fig. 5.46 Relation between the Speed Drop and Wind Scale

5 6. 6 % & H
AR & o THORABEREC BN TH, EREECEWTHIRLI 25D TR WS, &
NEFIT UACERRROEY TH D,
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D ABRHEDORELIICIK S BEAEIIMIB S BT, ERCT2LH 1 BTh b,
i) MIIBER - BRI UCE NI B LT L WM bR b 5 T,

i) JRIC & 2 BMmEEIC & 5 TR, ThEEBWAEDOEHRINE kR & 558D
&L, RHENREBICH L TIAT 5 & L WHIEAE bR, BISNEEOARCKAT 5275
LAMOLAWIBKC X 5 K 4P, 12

4P, =320 G e s (5.6.5)
THRbLT LN TE S,

V) JHd e i e OBIR A RN, BT MAORKI L B L © 5, HIEICIR BT W5 5+
FEO—BRBLLNE S 5 TREBABOTRBAS DI e, HEDOEDAENT & HEL
NHEMROZ L Th 5,

5 7 BMBOHEESNEDET

AP DRANR AR 3 X RO, IR, BER ORI b S D), MO % 40 GA
G, EWBE, Vv v EEAORBEEZG NS, TRHORMRE HEDRYE ORI ED S
Tk, MBREEHLINSOM 2 OBEREBICIHT 22 LR EXRETH 24D, it
HEESROMTICR, W OHhDRMEBEINGBALTCL DT L0k B, & & ICAROEAIE, i
%ﬁm%%ﬁxwfié®f,%mééammﬁmbto:@iitxmtﬁﬁmwﬁbfm,éﬂ
MEEZ DN BIRELRD TRITRED 2R H B, FEDBEHIC X o TRITHERIC 1 Y
DHERPHETL %,

PITl <2 iR, AR 22— UABBO b & TORIICE L o T ng, AN Tl
TN I ED LY, BRI CORT 2B E~<30 & L7 5,

BB O TR, filsho SR, MEShE v e BEROBSBOELME, S NQ/T5
& LTKRD, filiphOREIMED 7/ X 2REBEER LTV 5, 7, FEIEORT &2 © M E
B, EBoREERETH - T, SRR LT,

5.7 1 § B
(1) H#EEZRWHTHY, open $HHER AL T, HEMEELHG TR EERNRELLRLETS 5

LIREL, HEHEZRD open i3S S
BT o B ME 4 X OV o SRR A (Table 5. 14) 5

Ko=Q/pnD5, J'=Vy/RD - oeeeoeeiiiiiniiiiiiiiiiiiiii e (5.6.6)

ZitHL, Fig. 5.471 X507 ay b T2, 22k, J BT 05 ORERE Ve O/~ D 0l
Vi 2 HORHI#ERBTH D, TOEICT Oy b LcdOD 3 Y, WRRSERAHiG (5400 ETs
2mpPF) 2T e Fig 5.48 ok sk %,

BATPD 7~ £ L BRI D 7 — 2 ORI O /e Z0iH 505, (DOUED D & T, LR
BLALh & By & OfFdE (wake) DERRITHLDLELOND, Thbb, Ko ik J ikl
LEERNHE, Ko~]' FoRI BT 5HEBR, J'=0 Tl AKb O | —w bl T 5 ks
BEis,

Tiabb, Figs 807 — 200, HiBRESICREEHROZ 2ITonT, LROXEYETS
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Table 5.14 Results of Trial Speed Test at Newly Built Condition

Date Nov. 2, 1959
Sea State Smooth
Ship’s Condition Draft For'd 3.528m
Aft  5.766 m
Displacement 8,085t
Propeller Diameter 5.700 m
Pitch 5.268 m
Engine Power 12,000 BHP
Revolution 118 rpm
1/4 15. 514 kt 84. 4 rpm 2,910 BHP
2/5 17. 502 96.8 4, 630
1/2 18. 598 103. 1 5,719
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Table 5.15 Particulars of Propeller

Blade Number 4 (built up)
Type Mitsubishi Type
! Diameter 5.700 m
I Pitch increase 5.268 m
Pitch Ratio 0.925
Exp. A. R. 0. 469
B. T. R. 0. 0658
Boss Ratio 0. 2385

re aQut Ward Voyage
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Fig. 5.50 Wake versus Ship Speed (Swell Height < 2m)
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