creative
commons

C O M O N § D

OI2Xt= otele =2HE 2= R0l 8ot 7S

o Ol == SH, HHE, 85, Al SH L 58 = U
o OIXH MAEESE HdE = UsLICH
Ol HHES del SR 0|8 = AsU T

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

o 7lot=, Ol M& =2 MOISO0ILE HHEZ2l H<, 0l A =0l HE= 0125
S Bt LIEHLHO10F B LICH
o MNAEAXNZRE EE2 3IIE &2 0lE ZHE2 HEL X ZSLICH

AEAH OHE 082 dele f12 W20l 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiotIl &Ml kst 23 LI CY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

T BT

AHRS 7|8te] AAEFEYEHAI2H QNEE 53
G AAA B A AT

A Study on the Evaluation of Navigational Safety by the Development of
Ship Motion Monitoring System based on the AHRS

R 4L F K

20143 8¥

s o sha oot



€ )Collection |



A% T EE L+ 4 " B

4 TEBEEL X &K
4 IIBEHELE FMHEE

4 TEEE fF K

20149 8¥

= Fretn oty




€ )Collection |



List Of Tables .................................................................................................... vi
List of Figures ................................................................................................ viii
AbStTaCt ............................................................................................................. xiii
NOMENCLALUTE  srrrrrerrrerrrrerrrrer ettt XVi
AbbreViationS .............................................................................................. xviii
1.4 &

11 ATO] HIZ H E A s 1

1.2 TFE QTE S coorrrerieeniserste s 4

1.3 _E.:.%g] :rl/lc-} ............................................................................................... 8

2. AHRS®] XA &% AZ A4 o] &

21 BAFHA 2L FFA ALY e 10
211 AR FFIA e 10
212 A F-EH NED FFITA cooreeeeeereereerermsmsesmssss s 12
213 AFZATAHTA FFITA corerererrerermsmrese 13

22 AALT A AAE ot 14
2271 7] A st 14

2211 FNEE AT o 14
22712 AT AT 16



17

17

17
19
20
21

ol

Ry

B ZFA] AAE e

1dS ol &

226 LY LS o] &

227 AEHY
2.3 AHRS 7]4}F<]

225 kAR

ZRA Ak

gk AR A4

& Al

*

s

oo

o]

Lol
ey

24

A

27
28

e

<=
—

g A

242 ZWHEE A4 3A

s

241 °]%

30

AdB7E 71 B4

?_]__

3. &3

32
32
34
38

TR 20} A 2EIA ATE s

39

40

40
40
41

7HA]

3

3L

3.21

iy
oo

323 A4 ¢

ii



331 WS W20 BB WIER] o
332 WEHAIS A TEO] A O] s
34 AoJo] YFEAQ Q4o 23k S AA H I e
35 AsH7EE AlZol 23k FEIEFAA F I e

4. AATFEYUHIA2H AZ 8 A

41 AR ST R U E] YA 2B A A et
411 AASS A& R .. g o ococecceiecerinnns
4111 AFO]E ADA] coererertineemieissi e

4112 TFEEA AA] ettt

41.1.3 A AR O A T GO - ocoerrereerseserersenseseens

4114 AHRS FLB  iereerrcsmsssssrmmsesssnsssessssssssssiessssssssesnans

412 WEY T T EL v
4121 A AALZAZAA BA e,

413 HOJE] SRR BB o
42 AAESEUE YA 2HO A ZAZ
4271 BB A B TP Q e
4211 38542 28 AY L AL

42712 23 AAEFO] Al e

422 AALFRUHIA 2 % A2 A8 27 24 2
Ho]-t]g ............................................................................................

— i -



423 3 F52AE HolE AZE L FHE
423.1 AHRS AAE AL&3 284 AAe5 AF -

424 385z AHRS AA A% B4 2 Az} o

5. AHRS 7|9He] HALFEUEZALE S T3 IsfikAd B}
51 AASETUE G A 2280 A AT e
511 A& A Aute] A 9 A= HFE e
5111 A T AEFO] AL crrereresresneisneisnsissniinins

5112 AH ST AlZ HFH e

5.1.2.3 Al 23} A AIE] ceerreriineienisisisissns
5124 Al 33F A AT o

5125 A 4z} AXAA

o2

5211 A3 A Aule] 39 Fr] 9 EFete o 23
A BAAF A A e
5212 88 AASE A= &

1

g,
it
A

_iV_



129

T O] E] BA] s

=
=

522 £8 AA+F A

129

131

5222 F& AAE AS &4 4 A3

145

°]-&

531 AA 7t&

53 AHRS 414

145

145

147

148

Nlo

-

A

Al

5321 AHRS 7145

2
X
JJo

A

157

g
wK

3

174

6.

177

o
np

R



List of Tables

Table 2-1 Comparison of Coordinate Conversion Method seessesssssseseesseeneacee 23

Table 3-1 Factors Presently Adopted for Evaluating Seakeeping

Performance and their Critical VAlUES sesssssssssesessessesssssssresassassaen 36
Table 4-1 Specification of GYTOSCOPE SENSOL +sswssrssessessrssesseasussuasuasuasussussussens 55
Table 4-2 Specification of ACCElerometer SENSQI sessesssssssescesesessessessansncancanes 59
Table 4-3 Specification of MagnetOmMELEr SENSOL swsswsssrssesserssrssensersssnsensseasenss 62
Table 4-4 Specification of General AHRS seesesseeesesesnssessesnsnncsnscsnscsnsccnsncnsne 64
Table 4-5 Specification of Device Used for Wireless Sensor

COMITIUNICALION +e+ssesessssssssssenssassancsasseasasasessasssassasssasssassassasasassaassaassans 68
Table 4-6 Specification & General Performance of C.W.C seseeeeeeesseseeecsaeee 72
Table 4-7 Main Particulars of Test Model SHips resesssssrsesserssrssensensenssessensnns 74
Table 4-8 Measurement Data of Ship Motion by CWC Test «eseeeseeeeeeseeneee 82
Table 5-1 General Particulars of Training Ship (T.S. HANBADA) «wseeeeeeee 87
Table 5-2 ASCII Output Data of AHRS SENSOT serssrsserssrsseusenserssrssensensssnsensenss 97
Table 5-3 Beaufort Scale Number and Wave CharacteriStics sessessssssseeseee 99
Table 5-4 Schedule Of Actual Ship TESE «eerssesseserserserssessesensenssnsessensensensenacs 102

Table 5-5 Coastal Navigation Schedule of T/S ‘HANBADA’ (Ist Test) 103
Table 5-6 Coastal Navigation Schedule of T/S ‘HANBADA’ (2nd Test) 105
Table 5-7 Coastal Navigation Schedule of T/S ‘HANBADA’ (3rd Test) 106
Table 5-8 Coastal Navigation Schedule of T/S ‘HANBADA’ (4th Test) 109
Table 5-9 Measurement Data of Ship’s Rolling Motion

(Ist Actual Ship Test, 2013.03.18.~19.) swseesssesssrussrusssusssusasssarusas 119
Table 5-10 Measurement Data of Ship’s Rolling Motion

(2Ild Actual Shlp Test, 20130321~22) .................................... 122

_Vi_



Table 5-11 Measurement Data of Ship’s Rolling Motion

(Brd Actual Shlp Test’ 20140319~20) ....................................

Table 5-12 Measurement Data of Ship’s Rolling Motion

(4th Actual Shlp Test’ 20140405) ...........................................

Table 5-13 Measurement Data of Ship’s Pitching Motion

(Ist Actual Ship Test, 2013.03.18.~19.) werssssrsssssssssssarssssrssesress

Table 5-14 Measurement Data of Ship’s Pitching Motion

(2nd Actual Ship Test, 2013.03.21.~22.) sesesssssssssessassssassssssssases

Table 5-15 Measurement Data of Ship’s Pitching Motion

(3rd Actual Ship Test, 2014.03.19.~20.) swssssesesssessssssssssssssssasseses

Table 5-16 Measurement Data of Ship’s Pitching Motion

(4th Actual Ship Test, 2014.04.05.) <eesesesesecerensusssesnsnsuccsnsnsacanee
Table 5-17 Seakeeping Criteria Of ITTIC seeeccercsencceccccenccenncccancenncccancenncccacccene

Table 5-18 Principal Specifications of the Mechanical Accelerometer --

Table 5-19 Measurement Data of Vertical Acceleration

(3rd Actual Ship Test, 2014.03.19.~20.) swsersssesssssssseessssassessssenee

Table 5-20 Measurement Data of Vertical Acceleration

(4‘[]’1 Actual Shlp Test’ 20140405) ...........................................

Table 5-21 Calculation Data of SPI

(Ist Actual Ship Test, 2013.03.18.~19) sweerrsssrsserssssrsssssassrssessess

Table 5-22 Calculation Data of SPI

(2nd Actual Ship Test, 2013.03.21.~22) swsressesessrssssssssssssssssarsens

Table 5-23 Calculation Data of SPI

(3rd Actual Ship Test, 2014.03.19.~20) «ssessssssssssssssessssessusassases

Table 5-24 Calculation Data of SPI

(4th Actual Shlp Test’ 20140405) ............................................

- Vil —



Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

1-1 Block Diagram of General IMU SENSOI «sswsswssssssssessesseasesseasessuasuasessease
1-2 Classification of Navigation Systems According to

the Accuracy Of the SEenSOr seceecccesceescceceeccenccensceanccanccencenccanccenccencces
2-1 Ship COOrdinate SYSTEIM sessessesseuserssersenssrsussensensseasessensenssensensenssessensenses
2-2 Body Frame and NED Coordinate SyStEm sessssessessessessesessessessensenss
2-3 Geodetic ECEF and Local NED Coordinate SyStem eessssssssesssscssese
2-4 Ship Coordinate & Eulerian ANGIES swswsesessesssessessenssnsnasessensenssnaense

2-5 Quaternion Representa‘don ................................

2-6 Block Diagram of AHRS Kalman Filter seecsessesssescscssensncncscsneecncncee

2-7 Block Diagram of Discrete Kalman Filter seccesececcceeccercceeceenccenccenneee
2-8 Flow Chart of Kalman Filter seeeecccesscceccccencecencccenceenccscancccancscancscenccene
3-1 Serial Combination of Factors for Evaluating Seakeeping

Performance ...........................................................................................

4-1 Application Diagram Of IMU seessssssssssssssssssssssssussssssssssssssssssssssssssssssanes
4-2 Structure Block Diagram of MEMS AHRS «ssserssssssssesensersensssnsassans
4-3 ITG-3200 GYTOSCOPE SEISOI swssessesserserssrssraseasensensensensenssussensensessensenssns
4-4 Function Block Diagram Of GYIOSCOPE «swssesserssesserssrssensarssessensssssenss
4-5 Orientation of Axes of Sensitivity and Polarity of Rotation -
4-6 Circuit of MEMS GYIOSCOPE sserssersssssssssssssssssssssssssssssssssssssssssusssssssssans
4-7 ADXL345 ACCElErOMELEr SEISOL seeeresesseresssressesessessssesassesassesassesaasanans

4-8 Function Block Diagram of Accelerometer SEnSor sesssssssseseesssseene

— viii —



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

4-9 Axes of Acceleramon SGHSItIVIty ........................................................

4-10 Comparison of Output Response and Orientation to Gravity -

4-11 HMC5883 Magnetometer Sensor rererereasasae st ae s s s s senes
4-12 Internal Schematic DIiagram «sesssesssssssssssssssssssssssssssssssssssssssssssaseees
4-13 HMC5883 PErfOrMANCE seeresesssesssssssssssssessssssssssssssssssssssssssssssassssssssssensas
A-14 AXES Of AHRS seeeesrsrssssssssssssssssssssssssssssssssssssssssssssssassssssssssssasssssssssssssnsas
4-15 OULHNE Of AHRS seeeeeesssssssssererersssssssssssssssssasassssssssssssssssssssasassssssssssasanns

4-16 Wireless Sensor Networking for Serial Device sessssesssessesscsncenene
4-17 ereless Communlcatlon MOAUIE  ceeeereeercsernccenncceennccrannccenncccanncccannenes
4_18 Operatlon Procedure Of Wl_FI module ..........................................

4-19 Data Aquisition Program using NT=ARS ceceecccecccenccencceenccencccencecances

4-20 Data Aquisition and AnalysiS S/W sesssessessssssssssscscscscsescscscsnsnsnsninsnsnes
4-21 BOdy Frame of CWC cceecccreccecccennceanccenncencccancsenceenceanccanccaocccanccanoccances
4-22 Electric and Control System Of CW(C  eoececccencencenncencceaccenccencccnccances
4-23 Model ship of 1,300 ton Class Barge Mockup «esesseesseseeessecencaceenne
4-24 Installation of AHRS Sensor at Model Ship seesessesessesesnssesnsscsnccsnene
4-25 Data Measurement S/W for AHRS seeeeseersesesessincnenincncsisniicsesnnnene

4-26 CWC Test 1, Model Ship Test for Ship Motion Data Acquisition

using AHRS Sensors (Full Load Condition, V=5 Kts) seseesesesseceeece
4-27 CWC Test 2, Model Ship Test for Ship Motion Data Acquisition

using AHRS Sensors (Full Load Condition, V=7 Kts) seeessesessececsne
4-28 Comparison of AHRS Rolling Angle by CWC Test  eeeeeeeeeenseneees
4-29 Comparison of AHRS Pitching Angle by CWC Test — eeweeeeeereneee
4-30 Comparison of AHRS Yawing Angle by CWC TeSt «eeeeeeeereeeeeneee
5-1 Sea Trjal Of T.S. HANBADA ceceeecceecceeccceeccceennccennceannceenccecancceccccarcccances

_iX_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

5-2 General Arrangement of T.S. HANBADA serssrssrsssussssssssssssasssssasenns
5-3 Lines of Body Plan (T.S. HANBADA) seesssrsssssssssssssssssssssasssssssssssaens
5-4 Lines of Sheer Plan (T.S. HANBADA) cesesesescrcsususescscnsususesccnsususenenes
5-5 Lines of Half Breadth Plan (T.S. HANBADA) «eesesesersesususessnsnsusnncecs

5-6 Flow Chart of the Measurement and AnalysiS SysStem seesesseseeseees
5-7 Position of AHRS Sensors at T.S. HANBADA «eeeeeeuecsesesnecscsncncncnes
5-8 Installation of AHRS Test Equipment at T.S. HANBADA -eeeeeeeeee
5-9 Installation of AHRS Test Equipment at T.S. HANBADA «eeeeeeeeee
5-10 Block Diagram of Integrated Seakeeping Performance

Evaluation SYSLEM «sesssrssrssessenserserssrsseusensessensssssessessensenssnsssssessensensenses
5-11 Navigational Safety Evaluation S/W of Intergrated Ship

Motion MONItOring SYSEM ssesssessssssesssrsssssstusersssussssssussssssasssassssssasens
5-12 Track of Actual Shlp Test (1St) ....................................................
5-13 Track of Actual Ship Test (2nd) sesesesresssscscncususususususensccucncusnsuenes
5-14 Track of Actual Ship Test (3rd) «eeeessessessasesesesccusususnsccncusususncncnce
5-15 Track of Actual Shlp Test (4th) ....................................................
5-16 Maximum Heel Angle with Wind Speed «ssesessessssseusensensensensensens

5-17 AHRS Outputs and Actual Values of Roll Angle seseeseseeeseseseenes
5-18 Measured Position of Sampling Data by AHRS Sensor «esseesee-
5-19 Comparison of Rolling Angle by Measurement

(15’[ Actual Shlp Test, 20130318~19) .........................................
5-20 Comparison of Rolling Angle by Measurement

(21’1(1 Actual Shlp Test, 20130321~22) .........................................
5-21 Comparison of Rolling Angle by Measurement

(3rd Actual Shlp Test’ 20140319~20) ........................................



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

5-22 Comparison of Rolling Angle by Measurement
(4th Actual Ship Test, 2014.04.05) «weeseeseesssnsrssssssscsssnsnssssscananans

5-23 Comparison of Rolling Angle by Standard Deviation «sssssessee-
5-24 AHRS Outputs and Actual Values of Pitching Angle «essseeseeeee
5-25 Comparison of Pitching Angle by Measurement

(1st Actual Ship Test, 2013.03.18.~19) sessersersersersersensersensensensensens
5-26 Comparison of Pitching Angle by Measurement

(2nd Actual Ship Test, 2013.03.21.~22) sewssreseuseusensensensenssnaseasensens
5-27 Comparison of Pitching Angle by Measurement

(3rd Actual Ship Test, 2014.03.19.~20) «sserserssersersseuserssensenserssensens
5-28 Comparison of Pitching Angle by Measurement

(4th Actual Ship Test, 2014.04.05) swsesesseresssrssssssarusssrasssussarasaseancs
5-29 Comparison of Pitching Angle by Standard Deviation «essseseee

5-30 Photograph of Mechanical Accelerometer Measuring System -

5-31 Accelerometer PrNCIPIE «srssssessesserssssensssssensesssensensssssensenssenssnssensens
5-32 Comparison of Vertical Acceleration by Measurement

(3rd Actual Ship Test, 2014.03.19.~20.) swrsserssrsserserssenserssenserssensens
5-33 Comparison of Vertical Acceleration by Measurement

(4th Actual Ship Test, 2014.04.05) «wressrsssesssussssssssssssssssssusssasasasess
5-34 Comparison of Vertical Acceleration by Standard Deviation -
5-35 Comparison of SPI & Vertical Acceleration by Measurement

(1st Actual Ship Test, 2013.03.18.~19.) wserssrssesesessessensensensensensens
5-36 Evaluation Diagram of Navigation Safety

(Ist Actual Ship Test, 2013.03.18. 22:30 KST) seseeeseerevsesrsvsnsusnaees

_Xi_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5-37 Calculation Input & Output Data using SPI

(Ist Actual Ship Test, 2013.03.18. 22:30 KST)  seeeseeeeesesususssususnes
5-38 Comparison of SPI & Vertical Acceleration by Measurement

(an Actual Shlp Test, 20130321~22) ........................................
5-39 Evaluation of Navigation Safety using SPI

(2nd Actual Ship Test, 2013.03.22. 03:30 KST) = seseseseseuensrenenenae
5-40 Comparison of SPI & Vertical Acceleration by Measurement

(3rd Actual Shlp Test, 20140319) .................................................
5-41 Evaluation of Navigation Safety using SPI

(3rd Actual Ship Test, 2014.03.19. 18:00 KST) «eseeeersusessesaasaseas
5-42 Comparison of SPI & Vertical Acceleration by Measurement

(4th Actual Shlp Test, 20140405) .................................................
5-43 Evaluation of Navigation Safety using SPI

(4th Actual Ship Test, 2014.04.03. 14:00 KST) «seeeesesesesessesususrecees

— xii —



A Study on the Evaluation of Navigational Safety
by the Development of Ship Motion Monitoring System
based on the AHRS

Kim, Dae Hae

Division of Maritime Safety and Environment
Department of Ship Operation System Engineering

Graduate School of Korea Maritime University

Abstract

In the current era of the 2lst, the shipbuilding technology has undergone
many changes by the trends, shifting to more automatical, bigger, faster,
greener and more IT technological with strong connection to E-navigation.
Within these technologic, economic and environmental trends, the navigators
on the other hand, must serve their duties to keep the safety of ship’ s
navigation from irregular external force like wind and wave, and to prevent
maritime accidents.

When a ship underway meets a danger in rough sea, a system analyzing or
evaluating the safety and risk of navigation using a standard scale according
to certain conditions of ship, and weather and sea state will be essential but
is absent in these days of outstanding development of shipbuilding.

Typically, the ship handling in heavy weather involves three maneuvers: 1)
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alteration of both course and speed, 2) aleration of course and 3) alteration
of speed. Today, the maneuvers are conducted depend on just experiences
and subjective and intuitive judgements from the navigational officers.[1~2]
But the research on setting up a evaluating system of seakeeping
performances is ongoing and this promising project will allow navigators to
test the ship’s seakeeping performance and finally help to adjust the ship’s
operating speed and course in every sea condition based on the automation
technology used in monitoring ship’s motions. It is expected to define the
navigation safety with more qualified and specialized evaluating system and
therefore much better human experience.

There is a model method for quantitative evaluation of navigation safety,

based on idea of the ship’s seakeeping performance. SPI(Synthetic Seakeeping
Performance Index) which adopts specialized system, using seakeeping
efficiency and reliability engineering, makes synthetic assessment of ship’s
navigation safety. By using theoretical equation, SPI is able to compute the
occurrence possibility, evaluation value and a degree of risk of every each
evaluation element of seakeeping performance which is effected by hull
motions in the certain state of sea and weather. In case the risk rate of
evaluation elements are the same, the elements’ possibility of occurrence are
also the same: and the relationship called reliability engineering.
By the reliability engineering theory, it is possible to evaluate overall safety
of navigation in all ship’s condition irrespective of ship’s type, load status of
cargo, etc. in assessing only one random evaluation element of seakeeping
performance.

In this study, the ship motions monitoring system, equipped with AHRS as
MEMS which can be applicable to real ship on the sea, is developed for
practical use. AHRS is the one of inertia sensors and it is consist of an

accelerometer measuring linear acceleration and a geomagnetic sensor
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measuring angular velosity. AHRS is widely used in the special fields of
aeronautics, automobile engineering, ship engineering, military equipment and
in the general field of home cleaning robot, portable telephone, personnel
multimedia device, game console, etc. AHRS which can provide the attitude
and direction of moving transportation like ships, vehicles, aircraft was
recognized of being high-priced with IMU until early 2000s. However, in
recent years, MEMS continues to grow and AHRS is now low-priced and have
to be highly accurate and massively produced according to rising demands and
extensive use like in recognition of robot motion.

The inertial measurement unit is combined with a gyroscope, accelerometer,
magnetic compass to design a low price and small size MEMS AHRS sensor
that can be used in ship motions monitoring at sea. In order to deal with
cumulative errors, the errors occur after a long-term operation, the kalman
filtering sensor is chosen as a troubleshooting. To win a analysing software of
ship motions monitoring with almost exact measuring value, the study goes
through algorithmic treatment approach for ship motions monitoring. In
addition, to measure the ship motions effectively in restricted circumstance,
the SAN(Ship Area Network)is grafted onto the inertial measurement unit. At
the end, the inertial measurement unit can offer a tool working for estimating
the degree of safety of navigation with the measurement and calculation in
2-axis acceleration of ship’s major motions and expressing the results visually.

The Wireless hull motion monitoring system rooted in AHRS sensors that is
devloped in this paper is tested and proves its accuracy in terms of assessing
frequency and acceleration that may be helpful in limited installation
circumstances of the ship. In the future, this technology will be not only the
standard of the INS, VDR and other navigation equipments but also a ruling

technology in the field of safety of navigation and maritime accident analysis.
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2.1.2 A7+EH NED FEANED Coordinate System)
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Fig. 2-2 Body Frame and NED Coordinate System



2.1.3 AFZFA 13 AA FEAECEF Coordinate System)

A FFA 1A FxA (Earth-Centered Earth-Fixed, referred as ECEF Co-
ordinate System)= Yol AT FAHE IJHAFo=Z g I FFEA Y, AF
o] AR} AHgol nAH FHFA ot [107]
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Fig. 2-3 Geodetic ECEF and Local NED Coordinate System
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Fig. 2-5 Quaternion Representation
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Table 3-1 Factors Presently Adopted for Evaluating Seakeeping Performance

and their Critical Values
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Table 4-1 Specification of Gyroscope Sensor

Characteristics Conditions Min | Typical | Max Units

GYRO SENSITIVITY

Full-Scale Range FS_SEL=3 +2000 °/s
Sensitivity Scale Factor | FS_SEL=3 14.375 I(”QS/E)/
Nonlinearity Beft fit straight line; 0.2 o
25° C
GYRO ZERO-RATE OUTPUT (ZRO)
Power-Supply Sensitivity | Sine wave, 100mVpp; 0.2 o/
(1-10Hz) VDD=2.2V ' >
Power-Supply Sensitivity | Sine wave, 100mVpp; 0.2 o
(10 - 250Hz) VDD=2.2V ' >
Power-Supply Sensitivity | Sine wave, 100mVpp; 4 y
(250Hz - 100kHz) VDD=2.2V S
Linear Acceleration . o
Sensitivity Static 0.1 /S/g
GYRO MECHANICAL FREQUENCIES
X-Axis 30 33 36 kHz
Y-Axis 27 30 33 kHz
Z-Axis 24 27 30 kHz
VDD POWER SUPPLY
Operating Voltage Range 2.1 3.6 \
Power-Supply Ramp Rate 0 5 ms

Typical Operating Circuit of Section 4.2,
VDD = 2.5V, VLOGIC = 1.71V to VDD, TA=25° C.
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Table 4-2 Specification of Accelerometer Sensor

Characteristics Conditions Min | Typical | Max Units
dps
Measurement Range | User selectable -16 ~ +16
(deg/s)
- : Percentage of full 0
Nonlinearity scale +0.5 %
2 g 10-bit resolution 232 | 256 286
4 ¢g 10-bit resolution 116 | 128 143
Sensitivity LSB/g
8 g 10-hit resolution 58 64 71
16 g 10-bit resolution 29 32 36
2 g 10-bit resolution 3.5 3.9 4.3
4 ¢ 10-bit resolution 7.0 7.8 8.6
Scale Factor mg/LSB
8 g 10-hit resolution 14.0 | 156 | 17.2
16 g 10-bit resolution 28.1 | 31.2 | 34.3
X,y Each axis -150 | +40 | +150 | LSB rms
BIAS Level
z Each axis -250 | =80 | +250 | LSB rms
Measurement Rate User selectable 6.25 3500 Hz
Operating Voltage Range 2.0 2.5 3.6 Vv
Interface Voltage Range | Vs < 25 V 1.7 1.8 \% Vv
Operating Temperature B o
Range 40 +85 C
Device Weight 20 mg
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Fig. 4-11 HMC5883 Magnetometer Sensor
(a) Magnetometer Sensor Module Top View, (b) HMC5883 Sensor Outline,
(c) Pin Configuration
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Table 4-3 Specification of Magnetometer Sensor

_ - .| Typica .
Characteristics Conditions Min i Max Units
AVDD referenced to AGND 2.5 3.3 Volts
Voltage
DVDD referenced to DGND 1.6 1.8 2.0 Volts
. Full scale (FS) - total applied -
Feld Range field (Typical) 8 8 | gauss
Mag Dynamic . N
Rene 3-hit gain control = | 8 gauss
Resolution AVDD=3.0V, GN2 10 milli~
gauss
Linearity 2.0 gauss mnput range 0.1 % FS
Hysteresis 2.0 gauss mput range 25 ppm
Cross—Axis Test conditions: Cross field = 10,99 %FS/gau
Sensitivity 0.5 gauss, Happlied = £3 gauss e SS
Sensitivity starts to degrade.
Disturbing Field Use S/R pulse to restore 20 gauss
sensitivity.
Output Rate Refer .to configuration register 5 116 L
a section
Measurement From receiving command to 33 msec
Period data ready ’
Tum-on Time 200 us
Gain Tolerance All gain/dynamic range settings 15 %
7-hit address Ox1E hex
I2C Address 8-hit read address 0x3D hex
8-hit write address 0x3C hex
I2C Rate Controlled by I2C master 400 kHz
Operating : B o
T N Ambient 30 85 C
Package Size Length and width 2.85 3.00 3.15 mm
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Fig. 4-15 Outline of AHRS

(a) Razor IMU AHRS Model, (b) EBIMU-9DOFV2 AHRS Model

Table 4-4 Specification of General AHRS

Parameter Value Unit

Static accuracy (roll/pitch) < 0.2 deg

Static accuracy (yaw) < 0.5 deg

Dynamic accuracy (RMS) < 15 deg

Angular resolution 0.01 deg
roll -180 ~ +180

Output Ragne | pitch -90 ~ +90 deg
yaw -180 ~ +180

Output data rate 1Hz ~ 1000Hz Hz
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Fig. 4-18 Operation Procedure of Wi-Fi module



Table 4-5 Specification of Device Used

for Wireless Sensor Communication

Item

Parameters

Wireless standard

IEEE 802.11 blg

Frequency range

2.412 ~ 2.484 GHz

Wireless | Receiver/Transfer 802.11 b/g (11 Mbps / 54 Mbps)

Output power 18+2 dBm (typical)
Antenna Interface [PX
Serial type UART
Serial rate 1200 ~ 115200 bps
Operating voltage 33 £ 03V

H/W Operating currnet 300 mA (typical)
Storage temp. -40 ~ 85 C
Operating temp. 0~7 C
Dimensions 55.2 X 254 X 11.5 mm
Network protocol TCP, UDP, ARP, ICMP, DHCP,

HTTP

Work mode auto / command

SIW

Serical command

AT + instruction set

Max. sending rate

11 kbytes/s (TCP)
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Table 4-6 Specification & General Performance of CWC

3 = T 2
3 2 2 Ay v ALY IFax
AA =Z7] 4.50W * 8.27H * 25.12L (m)
AP E F7] 2.80W * 1.80H * 8.00L (m)
AR 2= 1.40 (m)
o FHF7] =9 (90 x 6P KW )
TR AN &5
o JHZ A7 (1294 MM )
G4 W9 0.05 ~ 3.00m/s
o 1.00m/s £ 2.0%
o4& By (™3} A 100mm, = 20mm A <))
o 2.00m/s £ 1.0% (% =)
o 1.00m/sellA] £+ 2.0mm ©]uj
A A s o 1.50m/sollA] = 4.0mm ©]u
o 2.50m/sell Al £+ 40.0mm ©]U
Surging 1.50m/sell A4 £ 1.5mm o]
1.00m/sell 4] 1/6000 ©
e A o m/soll A 1/ 1
o 2.00m/sell A4 1/2000 o]
JE5 7= 1.00m/sell A 0.50% ©]u
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Fig. 4-21 Body Frame of CWC
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Fig. 4-22 Electric and Control System of CWC
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Fig. 4-23 Model ship of 1,300 ton Class Barge Mockup

Table 4-7 Main Particulars of Test Model Ships

Dimensions
Items
Actual Ship Model Ship
LOA 50.0 m 1.0 m
LBP 50.0 m 1.0 m
Breath 12.0 m 0.24 m
Draft 2.8 m 0.056 m
C, 0.8267
Displacement 1,389.0 m' 0.01111 m’
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Fig. 4-25 Data measurement S/W for AHRS



423 3 F52AY HolE AZ 2 A=

A AHRS A= & Aox A7)k RuvaTechAFe] RTxQ AHRS
Model& AHRS A 12 AA3F¥Y a1, Razor IMU AHRS Model& AHRS A4 2

r

AHRS MM e A= B e AeiE 13 A o] He Aol

ME ol Aztete myPdd nAsAL, AF

it

S
Al Ao ZF W vk s AlA o] H A (Calibration)S AAlSke] a9l FQ
BAS AT AAdA e AAles @ Ty FU|E FHo|B=E
P FRAYPANAME AA 5L 7Aksted ZF AHRS AlAvich Sampling
rateE 20HzE st AA AlS e ASAH. 2P H2EA AALE

BA
dolgle] +3e B5az, $5a4, A5504 HEE e SHsUS

g

td

o, AAE AF A2 FAOE Aol dolE 3 AFE A X 2
Hole AL stk ¥ Adoxe AHRS AA 7 AZstes mgAe] AA$
T AL SR G992 AR 7= UTh

AHRS Al A7} €A
ol A Starboard( &%) wWreko 2 (0.7° A AHheeling)7} AR, 0.1° Au] EFo]
= dHoldlth o] 7] FEE JEHeE Ry AALETS ASSA
2432 5 kts9} 7 ktso] T2 M&HE H 83t 2 Aol A T3
Fig. 4-26-& =g Ao] wkAlA] A4 5 ktsE dolEE Ao AA&ES 7
b ™, Fig. 4-272 R¥AMo] BAA H& 7 kis®2 == A3

A7) AZse ol

b

i
td
ofl
C b
1o
BN
N
o
Ru)
rr
%
B
ox
Ru)
N
%)
=
[aV)
@
-
o\

%0
N

4

I
ol

|
HO

—_—

r[r

5

fo
flo

2



(c) (d)

(e) ()
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Fig. 4-26 CWC Test 1, Model Ship Test for Ship Motion Data Acquisition
using AHRS Sensors (Full Load Condition, V=5 kts)



Fig. 4-27 CWC Test 2, Model Ship Test for Ship Motion Data Acquisition
using AHRS Sensors (Full Load Condition, V=7 kts)
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Fig. 4-28 Comparison of AHRS Rolling Angle by CWC Test
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Fig. 4-29 Comparison of AHRS Pitching Angle by CWC Test

—— AHRS 1 Yaw Angle
777777 AHRS 2 Yaw Angle

CWS Test : Comparison of AHRS Yaw Angle

100
99
98
97

96

95

93
92

91
130 140 150 160 170 180 190 200

90 100 110 120
Time (sec)

Fig. 4-30 Comparison of AHRS Yawing Angle by CWC Test

90 10 20 30 40 50 60 70 80



@ AF5zAY) RYH AALE A 2% 2 57 &4
Table. 4-8& 5 747 EFle] AHRS AN E B4 2349 4AL5S A
23 A%e BolzT)

Table 4-8 Measurement Data of Ship Motion by CWC Test

Test Ship Siz I;IlISD\OSr Sensor Uit SAHiS setnsor Sauee
1gnirican .
Speed Name Type Max S 14 Av.Amp. | Av.Period
Roll Degree 1.3 0.7 1.5 1.1
Pitch Degree 0.8 0.5 1.1 0.8
AHRS 1
Yaw Degree - 16.5 - -
5 kts V. Acc. g 0.06 0.04 0.11 0.03
(Ist Test) Roll | Degree | 1.4 0.7 1.6 1.2
Pitch Degree 0.8 0.5 1.2 0.8
AHRS 2
Yaw Degree - 17.3 - -
V. Acc. g 0.06 0.04 0.12 -
Roll Degree 1.9 1.2 2.1 1.3
Pitch Degree 0.9 0.6 1.1 0.9
AHRS 1
Yaw Degree - 21.8 - -
7 kts V. Acc. g 0.12 0.09 0.16 0.05
(@nd Test) Roll | Degree | 2.0 1.3 2.2 1.4
Pitch Degree 0.9 0.6 1.2 0.9
AHRS 2
Yaw Degree - 22.9 - -
V. Acc. g 0.13 0.09 0.17 -
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5.11 A9 o Adte] Ald 2 AS Y

5111 43 o Adde A

Fo] AuomM HY 544 FU gre T

Fig. 5-12 A9 o Adukel dnigze] A2RAAY s 23 ZFold,

Fig. 5-29} Table 5-12 A3 th’ Aute] Anbu)x]=(General Arrangement)$}
T8 AdS YA Fig. 5-32 AMEBody Plan), Fig. 5-4v W=

(Sheer Plan), Fig. 5-5+ ®¥r&%(Half Breadth Plan)o|th.

Fig. 5-1 Sea Trial of T.S. HANBADA



FROFILE

Fig. 5-2 General Arrangement of T.S. HANBADA

Table 5-1 General Particulars of Training Ship (T.S. HANBADA)

[tems Dimensions
LOA / LBP 117.2 m / 104.0 m
Breath 17.8 m
Mean Draft 5.9 m
Displacement 6,434 ton
Max. Speed 19.0 kts
Service Speed 17.5 kts

Main Engine MCR(100%)

8,130 BHP X 176 RPM

Main Engine NCR(85%)

6,910 BHP X 167 RPM

Transverse Projected Area

300 n’

Lateral Projected Area

1,480 n
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Fig. 5-6 Flow Chart of the Measurement and Analysis System
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Fig. 5-7 Position of AHRS Sensors at T.S. HANBADA



(b)
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(c) (d)

Fig. 5-8 Installation of AHRS Test Equipment at T.S. HANBADA
(a) Arrangement of AHRS, (b) Test Sensors of AHRS

(c) Data Acquisition System No. 1, (d) Data Acquisition System No. 2



(a) (b) (c)

(d) (e)

Fig. 5-9 Installation of AHRS Test Equipment at T.S. HANBADA
(a) Boat Deck Passage, (b) Bridge, (c) Boat Deck Meeting Room
(d Arrangement of Inclinometer (e) Inclinometer & DVR



Mo &3 F AT LS 37 st WA E3 A HF FEFoA
AHRS AALFASAAY A AARH H4zho] a5 BAEY] i 1174

Ho| 2+ MAZ uAs, Faot L Fo 04 BA AP A Z(Heading)=

W

Ag dolg g SIWE AHgsted =3 F 30% Aoz 3527 Rolling

2 7HYawing angle) HIoJE]E F 535}
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N

angle), <% 2 7H(Pitching angle), A<=
715 2 AAstA

AHRS AA AlZ ko] AFS A% AdAdoAe] A SAHL AA TYF F
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5113 AZE HdA&F tlolel e A&

(D AAEs AS deoly A5 A

AAEETEUHGA =" A AL dlolEo] H5L AHRS AAFASA
AolA == HolE e Adud AXH F8 &sl Hx7H|(Navigational Aids)
2HRE v &3 A5 dolHE 35 dolE o] 23T

AHRS AASEAZAA A FREE= HolHe I AAZ, =8 A7,
Y=, 7= 93,

Ao AN, 7SR X5, Y5, 25 298, S7HEE X5,
A7l XZF, Y5, 25 9%, A2 XF, Y5, Z5 S8#< Al &4 =
HARl Textz HS3Ath ASHE &2 a3 22 AL Heole 4l
Sentence® =% S S £ ot AV)A, AALE 0.15(deg) @9 ¥
| (Euler) Zt=(Roll, Pitch, Yawm)E =¥ =5, AA =493 HA= 0 ~ 1799 =
A 242y 0.0° BE 179.9° 712 2@ E T Table 5-2= AHRS A A| 5 A A4l A]
o] ASCIl =8t ik 2492 YAt

$RQ,10,-741,1143, 534, 321, -16383, 0, 0, 0, 23, 32, 468, 0, O, 0=

ASEAZAAY AZ 12S 10HzE AASA HolHE HES9TH

vt &3 27 HolHE GPSERE AZrAH H(Date & Time), 9% A H(PSN
. Position), ™A Z Z(COG : Cousrse of Ground), WA<£=(SOG : Speed of
Ground)e] dlo]EE Hta, Gyro CompassollA H=ZMHDG : Heading), X<A



(Speed LoggenolX th<=<%3(STW : Speed thru Water), ZFdFEF<7
(Anemometer)o| 4+ Z3F3KTrue Wind Direction)®} Z1%<4:(True Wind Speed)

tlo]8 & NMEA-0183 &2} ¢] txd Hlo|E & HE33Th

$GPRMC,183729,A,3907.356,N,12102.482,W,000.0,360.0,080301,015.5,E«6F
$GPRMB,A,,..,...1»») V71
$GPGGA,183730,3907.356,N,12102.482,W,1,05,1.6,646.4,M,-24.1,M,,%75
$GPGSA,A,3,02,,,07,,09,24,26,,,,,1.6,1.6,1.0%3D
$GPGSV,2,1,08,02,43,088,38,04,42,145,00,05,11,291,00,07,60,043,35%71
$GPGSV,2,2,08,08,02,145,00,09,46,303,47,24,16,178,32,26,18,231,43*77
$PGRME,22.0,M,52.9,M,51.0,M=14
$GPGLL,3907.360,N,12102.481,W,183730,A*33

$PGRMZ,2062,f,3%2D

$PGRMM,WGS 84+06

$GPBOD,, T, M,,*47

$GPRTE,1,1,c,0%07
$GPRMC,183731,A,3907.482,N,12102.436,W,000.0,360.0,080301,015.5,E67
$GPRMBLA,,,........, V71

$HCHDG,101.1,,,7.1,W*3C

$GPZDA,201530.00,04,07,2002,00,00%60

AHRS HA&FAZAMS} A 23 429 $3 HolElE AAIOE o}
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Table 5-2 ASCII Output Data of AHRS Sensor

=9

gc oA b =9% ¥4 L] -

0 |$ A2 715 - -

1 |RQ H A A S - B

2 130 Roll ZHA] -1799~+1800 Roll Zt= +0.3°

3 | -32 Pitch #}HA] 0~900 Pitch Zt&= -3.2°
4 | -1387 Yaw AA| -1799~+1800 Yaw Zt%= -138.7°
5 | 534 MR X &9

6 | 321 HEE Y &9 -20000 ~ +20000 | = 2G (1%F ¥} <)
7 | -16383 HEE Z =Y

8§ |0 Z7IEE X &9

9 10 752 Y &9 | -10000 ~ +10000 | £ 1G (1% #l&)
10 |0 7SR Z =9

11 |23 AA7 X =9

12 | 32 AA7T Y =9 -

13 | 468 A7) 7 =49

14 |0 Aoz X &9

15 |0 Aol2 Y &9 - 5900 ue
16 |0 Z}ol2 7 =4

17 | * <5 7% - -

18 | \r\n Ny =2 - -

=g 7o

=1

(=) AA

$RQ,30,-32,,1387, 534, 321, -16383, 0, 0, 0, 23, 32, 468, 0, 0, 0*
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Table 5-3 Beaufort Scale Number and Wave Characteristics (WMO CODE 1100)

Beaufort Wind - Meap Wave Significapt
No. Speed Description Period T Wave Height
(kts) (sec) HYs (m)
1 1 ~4 Light air 1.2 0.1
2 4 ~ 7 Light breeze 1.7 0.2
3 7~ 11 Gentle breeze 3.0 0.6
4 11 ~ 17 | Moderate breeze 3.9 1.0
5 17 ~ 22 Fresh breeze 5.5 2.0
6 22 ~ 28 Strong breeze 6.7 3.0
7 28 ~ 34 Near gale 7.7 4.0
8 34 ~ 41 Gale 9.1 5.5
9 41 ~ 48 Strong gale 10.2 7.0
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Fig. 5-112 AALTEUEAA2H S AA&sRZUE® 9 alietdAd H7)

SIWE Ho FH, A A 20149 3¢ 19¢ 17440l AlSHE delg ot

N
i

Q

=2

X

>,

o

£

_Ii-EI o
~

2

O

fuj

rlr

w
m{o

Intergrated Ship Motion Monitoring System
le Edit Conrection Config DB View Heln Ab

VESSELNAME | T/S HANBADA ~ VOYAGENo. | 130-2014-02
LOADING CONDITION FULL LOADED

cog 204.5 506G 15.7
WIND Dir.(T) 278 WIND SPD(T) 7
NBF 3 SEA STATE 5

ENCOUNTER =
ANGLE 106.5 AVVARIANCE | 0.00032

3] 0.102326 R 0.265089
s 0.267657 L 0.22553
AV 0.118732 AT 1.61445

SPI 0.205699

DISPLAY TIME
10[sec

Fig. 5-11 Navigational Safety Evaluation S/W of
Intergrated Ship Motion Monitoring System
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512 AHAYRE T HALE AS

512.1 2443 N8

Table 5-4 Schedule of Actual Ship Test

3 5| 1R AAAFE | 2x AAAY | 3R AAAY | 4z AAAF

< # 12013.3.18 ~ 19| 2013.3.21~ 22 {2014.3.19. ~ 20 2014. 4. 3
G| Bk~ AT | AF - R | Bx - mi | e - 2

el o= IRy o= o=

ul 2 SW ~ W, SW ~ S, E ~ N, S ~ SW,

- 20 ~ 28 kts 5 ~ 10 kts 10 ~ 22 kts 5 ~ 10 &ts

gl 31 3~4 m 0~1m 2 ~3 m 0~1m

° 9 Tx s =t o=
a}+3f A 2l 175 nm 195 nm 224 nm 40 nm
ghal| Al ZH 16 Hrs 17 Hrs 22 Hrs 7 Hrs

— 102 —
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Fig. 5-12 Track of Actual Ship Test (1st)
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Fig. 5-13 Track of Actual Ship Test (2nd)
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Fig. 5-14 Track of Actual Ship Test (3rd)
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Table 5-8 Coastal Navigation Schedule of T/S ‘HANBADA’ (4th Test)
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Fig. 5-15 Track of Actual Ship Test (4th)
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(5-1)

o714, AZB) = 17.8m
1) GoM (Full loaded) = 1.931m
2) GoM (1/3 consumed) = 1.498m
3) GoM (90% consumed) = 1.131m

D, 2), 3 21 dYste] Txj(Full loaded)A el 38 F7|(Trp)+= 10.2%, A=
A 1/3 298)((1/3 consumed)Al 2] FaF7] 11.6%, A8 A=A 90% 2411(90%
consumed)Al 2] HQF7] 13425 & 5 o

AAAGNA FRaF7 T3 A4k A 12 S ddigdn 75
A Full Condition Jel2 &3t Falsts JHo| 2= Ef
o, AAAE 2 ~ 4s 1A NA A=Y FUF BEglo] Rl FAoE

sl dejo] =2 1/3 consumed AEjS] Alu ATALS 2 8&3A T

@ FHhze] TP 4T Ad) FAA AL

4 oy Aol @nitkEsl AW SYol g M Fol 54 BN F
e B Ao Ao G AL G GARAES Ao BARAEs)
o) BAE ol g3te] The} ol HEY & Stk

: 1 )
GoM sinp A = 5 paCy(Q)ALVa h (5-2)

o, GoM - 5 TS 193 GM,
¢ BAAZ, A wlFEE Cy(0) - SHFTAASF
h
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Fig. 5-17 AHRS Outputs and Actual Values of Roll Angle
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Table 5-9 Measurement Data of Ship’s Rolling Motion (Ist Actual Ship Test, 2013.03.18.~19.)

(yr(?gg) Wave Eﬁgg AHRS Roll Sensor Gauge AnaloF%OIIln %gllj)grgeter
Date | Time BE.
Scale | Force I})I(é ?V}ft Dir. | Max | S ¥ AV.AD ngéd Max | S V5 |Av.Amp Pé\iféd
(kts) |Hstm | Poind) | (g) | (deg) | (deg) | (sec) | @ |(deg) | (deg) | (sec)
17:00] 5 191 | 20 |Beam | 127 | 9.1 | 14.0 | 8.2 12 8 13 7
17:30| 4 157 1.0 | Bow | 105 | 7.5 | 11.5 | 6.8 10 7 10 6
18:00] 5 20.2 | 20 | Head | 135 | 9.6 | 148 | 8.7 12 9 13 8
18:30| 6 245 | 3.0 | Head | 16.3 | 11.7 | 17.9 | 10.6 15 11 16 10
19:00( 7 33.1 | 40 | Head | 22.1 | 15.8 | 24.2 | 143 | 20 14 22 13
19:30] 5 208 1 20 | Bow | 139 99 | 152 | 9.0 13 9 14 8
2013.120:00| 6 24.2 | 3.0 | Bow | 16.1 | 11.5| 17.7 | 104 15 10 16 9
3.18.120:30| 5 198 | 20 | Bow | 13.2 | 94 | 145 | 8.5 12 9 13
21:.00| 6 23.3 | 3.0 Bow | 155 | 11.1 | 17.1 | 10.0 14 10 16
21:30| 6 265 | 3.0 | Bow | 17.7 | 126 | 194 | 114 16 11 18 10
22.00| 6 258 | 3.0 | Head | 17.2 | 12.3 | 189 | 11.1 16 11 17 10
22:30| 8 34.1 | 5.5 | Head | 22.7 | 16.2 | 25.0 | 14.7 | 21 15 23 13
23:00 7 30.8 | 4.0 | Head | 20.5 | 14.7 | 22.6 | 13.3 19 13 21 12
23:30| 6 26.8 | 3.0 | Head | 17.9 | 12.8 | 19.6 | 11.5 16 12 18 10
0:00 7 29.4 | 4.0 | Head | 19.6 | 14.0 | 21.5 | 12.7 18 13 20 12
0:30 | 6 23.8 | 3.0 | Bow | 15.9 | 11.3 | 174 | 10.3 14 10 16 9
1:.00| 6 239 | 3.0 | Bow | 159 [ 11.4 | 175 | 10.3 14 10 16 9
1:30 | 6 249 | 3.0 | Bow | 16.6 | 11.9 | 18.2 | 10.7 15 11 17 10
2:00 6 25.7 1 3.0 Bow | 171|122 | 188 | 11.1 16 11 17 10
230 | 6 240 | 3.0 | Bow | 160 | 11.4 | 17.6 | 10.3 15 10 16 9
300 6 228 | 3.0 | Bow | 152|109 | 16.7 | 9.8 14 10 15 9
2013.1 3:30 | 6 24.1 | 3.0 | Head | 16.1 | 11.5 | 17.7 | 104 15 10 16 9
3.19.1 400 | 6 221 | 3.0 | Bow | 14.7 | 105 | 16.2 | 9.5 13 10 15 9
4:30 | 5 188 | 20 | Head | 125 | 9.0 | 13.8 | 8.1 11 8 13 7
500 | 5 183 | 20 | Bow | 122 | 87 | 134 | 7.9 11 8 12 7
530 | 4 146 | 1.0 | Bow | 9.7 | 7.0 | 10.7 | 8.1 9 6 10 7
6:00 | 3 8.5 0.6 | Bow | 5.7 | 4.0 6.2 8.4 5 4 6 8
6:30 [ 2 5.6 0.3 | Bow | 3.7 | 2.7 4.1 8.2 3 2 4 7
700 1 2.0 0.1 | Head | 1.3 | 1.0 1.5 9.1 1 1 1 8
730 1 2.9 0.1 |Beam | 1.9 | 14 2.1 9.3 2 1 2 8
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Table 5-10 Measurement Data of Ship’s Rolling Motion (2nd Actual Ship Test, 2013.03.21.~22.)

| BE (yr(?gg) Wave Eﬁgg AHRS Roll Sensor Gauge Analolgdlln %J;Egrgeter
Date | Time
Scale | Force I})IZ! S| Dir. | Max | S ¥5 | Av.Amp P?r\i/(id Max | S Y5 |Av.AmpD PerA\i/(Sd
(kts) [Hiam| Point) | (@) |(deg) | (deg) | (sec) | @ |(deg) | (deg) | (sec)
17:00| 3 70 | 0.6 | Folow | 4.7 | 3.3 | 51 | 10.8 | 4 3 5 10
17:30| 2 6.5 | 0.3 |quartering| 4.3 | 3.1 | 4.8 | 10.0 | 4 3 4 9
18:00| 3 83 | 06 | Fllow | 55 | 40 | 6.1 | 128 | 5 4 6 12
18:30| 4 | 11.1 | 1.0 |quartering| 7.4 | 5.3 | 8.1 | 8.9 7 5 7 16
19:00( 2 4.5 0.3 |quartering| 3.0 | 2.1 | 3.3 | 12.2 3 2 3 11
19:30| 2 42 | 0.0 | Flow | 28 | 20 | 3.1 | 114 | 3 2 3 10
2013.120:00| 1 33 | 01 | Fllow | 2.2 | 1.6 | 2.4 | 8.9 2 1 2 8
3.21.120:30| 1 34 | 0.1 | Flow | 23 | 1.6 | 25 | 9.2 2 1 2 8
21:00| 3 77 | 06 | Flow | 5.1 | 3.7 | 56 | 11.8 | 5 3 5 11
21:30| 2 51 | 0.3 |quartering| 3.4 | 24 | 3.7 | 138 | 3 2 3 13
22:00 3 | 104 | 0.6 |quartering| 6.9 | 5.0 | 7.6 | 16.0 | © 5 7 15
22:30| 3 79 | 06 | Folow | 53 | 38 | 5.8 | 122 | 5 3 5 11
23:00| 3 73 | 0.6 |quartering| 4.9 | 3.5 | 5.3 | 11.2 | 4 3 5 10
23:30| 3 80 | 0.6 | Falow | 53 | 3.8 | 59 | 123 | 5 3 5 11
0:00 | 3 98 | 0.6 |quatering| 6.5 | 4.7 | 7.2 | 151 | 6 4 7 14
0:30 | 3 9.7 | 06 | Folow | 6.5 | 46 | 7.1 | 149 | 6 4 6 14
1:00 | 3 85 | 0.6 | Flow | 57 | 40 | 6.2 | 131 | 5 4 6 12
1:30 | 3 87 | 06 | Fillow | 58 | 41 | 6.4 | 134 | 5 4 6 12
200 4 | 128 | 1.0 |quartering| 8.5 | 6.1 | 94 | 10.3 | 8 6 9 9
230 | 4 | 161 | 1.0 |quartering| 10.7 | 7.7 | 11.8 | 13.0 | 10 7 11 12
300 4 | 158 | 1.0 |quarering| 10.5| 7.5 | 11.6 | 12.7 | 10 7 11 12
2013.1330| 5 |202 | 20 | Beam |[135]| 96 | 14.8 | 8.7 | 12 9 13 8
3.22.1400| 5 |201| 20 | Beam |[134| 9.6 | 14.7 | 87 | 12 9 13 8
430 4 |162 | 1.0 Bw [10.8| 7.7 | 11.9 | 13.1 | 10 7 11 12
500 | 4 13.0 | 1.0 Bow 87 162 | 95 | 105 8 6 9 10
530 | 3 9.3 | 0.6 |quatering| 6.2 | 44 | 6.8 | 143 | 6 4 13
600 4 | 134 | 1.0 | Follow | 89 | 6.4 | 98 | 10.8 | 8 6 10
6:30 | 4 | 156 | 1.0 |quartering| 10.4 | 7.4 | 11.4 | 126 | 9 7 10 11
700 | 4 | 147 | 10 |qurteing| 9.8 | 7.0 | 10.8 | 11.8 | 9 6 10 11
730 5 [ 204 | 20 | Bam |136] 9.7 | 149 | 88 | 12 9 14 8
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Table 5-11 Measurement Data of Ship’s Rolling Motion (3rd Actual Ship Test, 2014.03.19.~20.)

| BE (yrvrlgg) Wave Eznmgg AHRS Roll Sensor Gauge Analogoﬁnggfgrgeter
Date | Time | ¢ e [Force | Wave| Dir. | Max | S % |Av.Amp AYéd Max | S Y |Av.Amp AY(-)d
(kts) Iﬁ?/l r}rll)t (Point) | (g) |(deg) | (deg) lzseIelc) (@ |(deg | (deg IES‘QC)
16:000 2 | 6.1 | 0.3 |quartering| 4.1 | 29 | 45 | 94 | 4 3 4 9
16:30| 2 | 41 | 0.3 |quartering| 2.7 | 20 | 3.0 | 1.1 | 2 2 3 10
17:000 2 | 42 | 03 | Beam | 28 | 20 | 31 | 114 | 3 2 3 10
17:301 2 | 41 | 0.3 |quartering| 2.7 | 20 | 3.0 | 1.1 | 2 2 3 10
18:00] 5 | 203 | 20 | Head | 135| 97 | 149 | 87 | 12 | 9 14
18:30| 5 | 193] 20 | Bow [129| 92 | 141 | 83 | 12 | 8 13
1900 4 | 160 | 1.0 | Bow | 107 | 7.6 | 1.7 | 129 | 10 | 7 11 12
2014.119:30| 6 | 221 | 3.0 | Head | 147 ]105] 162 | 95 | 13 | 10 | 15 9
319.120:00] 6 | 224 | 3.0 | Head | 149|107 | 164 | 97 | 14 | 10 | 15 9
20:30] 5 201 | 20 | Head | 134 | 96 | 147 | 87 | 12 | 9 13 8
21:00] 4 | 142 | 1.0 | Head | 95 | 6.8 | 104 | 114 | 9 6 9 10
21:30| 4 | 159 | 1.0 | Head | 106 | 76 | 116 | 128 | 10 | 7 11 12
22:001 5 | 204 | 20 | Head | 136 | 97 | 149 | 88 | 12 | 9 14 8
2230 4 | 146 | 1.0 | Head | 97 | 7.0 | 107 | 11.8 | 9 6 10 11
23:00| 4 | 133 | 1.0 | Head | 89 | 63 | 9.7 | 107 | 8 6 9 10
23:30| 4 | 128 | 1.0 | Head | 85 | 6.1 | 9.4 | 103 | 8 6 9 9
0:00| 4 | 114 1.0 | Head | 76 | 54 | 84 | 92 | 7 5 8 16
0:30| 4 | 133 | 1.0 | Head | 89 | 63 | 9.7 | 107 | 8 6 9 10
.00 3 [109] 06 | Bow | 7.3 | 52 | 80 | 168 | 7 5 7 15
130 3 [106] 06 | Bow | 7.1 | 50 | 7.8 | 163 | 6 5 7 15
200 3 | 87 | 06 | Bow | 58 | 41 | 64 | 134 | 5 4 6 12
230 3 | 91| 06 | Bow | 61 | 43| 67 | 140 | 6 4 6 13
3000 3 [ 99| 06 | Bow | 66 | 47 | 73 | 152 | 6 4 7 14
330 2 | 57 | 03 | Head | 38 | 27 | 42 | 88 | 3 2 4 14
400 1 | 39 | 01 | Head | 26 | 1.9 | 29 | 106 | 2 2 3 10
2014.1430| 2 | 46 | 03 | Beam | 31 | 22 | 34 | 125 | 3 2 3 11
390|500 1 [ 39 ] 01 | Beam | 26 | 1.9 | 29 | 106 | 2 2 3 10
530 1 | 26 | 01 | Bow | L7 | 12| 19 | 70 | 2 1 2 6
6:00 1 | 39 | 01 | Head | 26 | 1.9 | 29 | 106 | 2 2 3 10
630 0 | 02 | 00 [Follow| 01 |01 ] 01 | 05| 0 0 0 0
7:00 0 | 01 | 00 | Head | 0.0 | 0.0 | 00 | 0.0 | © 0 0 0
730 1 | 20 | 0.1 | Follow | 1.3 | 1.0 | 15 | 54 1 1 1 5
800 1 | 13| 01 | Beam | 09 | 0.6 | 1.0 | 35 1 1 1 3
830 1 | 13| 01 | Head | 09 | 06 | 1.0 | 35 1 1 1 3
9:00 | 2 | 47 | 03 | Bow | 31 | 22 | 34 | 127 | 3 2 3 12
930 3 | 98 | 06 | Beam | 65 | 47 | 72 | 151 | 6 4 7 14
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Fig. 5-22 Comparison of Rolling Angle by Measurement
(4th Actual Ship Test, 2014.04.05)

Table 5-12 Measurement Data of Ship’s Rolling Motion (4th Actual Ship Test, 2014.04.05.)

Wind Encourter Analog Inclinometer
BF. |(True) Wave Angl® AHRS Roll Sensor Gauge Roll Gange

Date | Time | Scal A A
e |Force [ Wavel Dir. | Max |S % |AvAmp| AV | Max | S % |AvAnp| N
(kts) |y (Point) | (g) |(deg) | (deg) | (sec) | (@ |(deg) | (deQ) | (sec)

12:.00| 1 1.5 | 01 | Fdlow | 1.0 | 0.7 | 1.1 4.1 1 1 1 4
12:30| 1 1.0 | 0.1 | Fdlow | 0.7 | 0.5 | 0.7 2.7 1 0 1 2
13:000 0 | 0.5 | 0.0 |quartering| 0.3 | 0.2 | 04 14 0 0 0 1
13:30| 3 9.2 | 0.6 Bow 6.1 | 44 | 6.7 | 14.2 6 4 6 13
2014.({14:00| 3 | 10.0 | 0.6 | Beam | 6.7 | 48 | 7.3 | 154 6 4 7 14
4.05. (14:30| 3 91 | 06 Beam | 6.1 | 4.3 | 6.7 14 6 4 6 13
15:00 3 73 | 0.6 |quartering| 49 | 35 | 53 | 11.2 4 3 5 10
15:30| 4 8.2 | 1.0 |quartering| 5.5 | 3.9 | 6.0 | 12.6 5 4 5 11
16:001 4 | 149 | 1.0 |quartering| 3.8 | 2.7 | 4.1 8.6 3 2 4 14
16:30 4 | 135 | 10 | Beam | 15 | 1.1 | 16 6.0 1 1 1 5
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Table 5-13 Measurement Data of Ship’s Pitching Motion (I1st Actual Ship Test, 2013.03.18.~19.)

(yr(?gg) Wave Eﬁgg AHRS Pitch Sensor Gauge Analgiclgcgr;igeeter

Date | Time i
Scale | porce | Wave | pir. | Max | S 15 |AvAmp| AV | Max | S ¥ |AvAmp| AV

kts) [TE8M point) | (@) | (deg) | (deg) | (0N | (@) | (deg) | (deg) | oncy

17200 5 [191| 20 [Beam | 35 | 26 | 35 | 20 | 4 | 3 4 2
17:30| 4 [157| 1.0 [ Bow | 29 | 21| 29 | 1.7 | 3 | 2 3 2
18:00| 5 [202| 20 |Head | 3.7 | 28 | 37 | 22 | 4 | 3 4 2
18:30| 6 | 245 | 3.0 |Head | 45 | 33 | 45 | 26 | 5 | 4 5 3
19:00] 7 [331| 40 |Head | 74 | 55 | 74 | 43 | 8 | 6 8 5
19:30| 5 [ 208 | 20 | Bow | 38 | 28 | 38 | 22 | 4 | 3 4 2
2013.{20:00| 6 | 242 | 3.0 | Bow | 44 | 33 | 44 | 26 | 5 | 4 5 3
3.18.120:30| 5 | 19.8| 20 | Bow | 36 | 27 | 36 | 21 | 4 | 3 4 2
21:00( 6 |233] 30 | Bow | 42 | 32| 42 | 25 | 5 | 3 5 3
21:30| 6 | 265 | 3.0 | Bow | 48 | 36 | 48 | 28 | 5 | 4 5 3
22:00 6 | 258 | 3.0 |Head | 47 | 35 | 47 | 28 | 5 | 4 5 3
22:30| 8 |341| 55 |Head | 76 | 57 | 7.6 | 45 | 8 | 6 8 5
23:00( 7 |308| 40 |Head | 6.8 | 51 | 68 | 40 | 8 | 6 8 4
23:30| 6 | 268 | 3.0 |Head | 49 | 3.7 | 49 | 29 | 5 | 4 5 3
000| 7 [294| 40 |Head | 65 | 49 | 65 | 38 | 7 | 5 7 4
030| 6 |238| 30 | Bow | 43 | 32| 43 | 25 | 5 | 4 5 3
1:00| 6 [239| 30 | Bow | 43 {33 | 43 | 26 | 5 | 4 5 3
1:30| 6 [ 249 | 30 | Bow | 45 | 34 | 45 | 27 | 5 | 4 5 3
200 6 | 257 ] 30 | Bow | 47 | 35 | 47 | 27 | 5 | 4 5 3
230 | 6 | 240 | 3.0 | Bow | 44 | 33 | 44 | 26 | 5 | 4 5 3
300 6 |228] 30 | Bow | 41 | 31| 41 | 24 | 5 | 3 5 3
2013.{330| 6 |241| 3.0 |Head | 44 | 33 | 44 | 26 | 5 | 4 5 3
319.1400| 6 |221] 30 | Bow | 40 | 3.0 | 40 | 24 | 4 | 3 4 3
430| 5 | 188 | 20 |Head | 34 | 26 | 34 | 20 | 4 | 3 4 2
500 5 | 183 ] 20 | Bow | 33 | 25| 33 | 20 | 4 | 3 4 2
530 4 | 146 | 1.0 | Bow | 27 | 20 | 27 | 1.6 | 3 | 2 3 2
6:00| 3 | 85 | 0.6 | Bow | 1.5 | 1.2 | 1.5 | 09 | 2 1 2 1
630 2 | 56 | 03 | Bow | 09 | 06 | 09 | 05 | 1 1 1 1
700 1 | 20 | 01 |Head | 03 |02 ] 03 | 02 | 0 | 0 0 0
730 1 | 29 | 01 |Beam| 04 | 03 | 04 | 03 | 0 | 0 0 0
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Table 5-14 Measurement Data of Ship’s Pitching Motion (2nd Actual Ship Test, 2013.03.21.~22.)

(yr(?gg) Wave Eﬁgg AHRS Pitch Sensor Gauge Anal;icﬁcgﬁr;:ter

Date | Time BE.
Scale | Force | Wave | pir. | Max | S ¥ |AvAmp| AV | Max | S 1 |Av.Amp| AV

(kts) Iﬁ?} r}rll)t (Point) | () |(deg) | (deg) }(35628()1 (@ |(deg) | (deg) 1??28?

17:00] 3 7.0 0.6 | Falow | 1.3 | 1.0 1.3 0.7 1 1 1 1
17:30| 2 6.5 0.3 |quartering| 1.0 | 0.8 1.0 0.6 1 1 1 1
18:00] 3 8.3 0.6 Follow | 1.5 1.1 1.5 0.9 2 1 2 1
18:30| 4 11.1 | 1.0 |quartering| 2.0 | 1.5 2.0 1.2 2 2 2 1
19:00| 2 4.5 0.3 |quartering| 0.7 | 0.5 0.7 04 1 1 1 0
19:30| 2 4.2 0.0 | Filow | 0.6 | 0.5 0.6 04 1 1 1 0
2013.120:00| 1 3.3 0.1 | Flow | 0.5 | 0.4 0.5 0.3 1 0 1 0
3.21.120:30] 1 34 0.1 | Falow | 0.5 | 04 0.5 0.3 1 0 1 0
21:00| 3 7.7 0.6 | Folow | 1.4 | 1.1 14 0.8 2 1 2 1
21:30| 2 5.1 0.3 |quartering| 0.8 | 0.6 0.8 0.5 1 1 1 1
22:00| 3 104 | 0.6 |quartering| 1.9 1.4 1.9 11 2 2 2 1
22:30| 3 7.9 0.6 | Filow | 1.4 | 1.1 1.4 0.8 2 1 2 1
23:00| 3 7.3 0.6 |quartering| 1.3 | 1.0 1.3 0.8 1 1 1 1
23:30| 3 8.0 0.6 | Falow | 1.5 | 1.1 1.5 0.9 2 1 2 1
0:00 | 3 9.8 0.6 |quartering| 1.8 | 1.3 1.8 1.0 2 1 2 1
0:30 3 9.7 0.6 Follow | 1.8 1.3 1.8 1.0 2 1 2 1
1:00 | 3 8.5 0.6 | Folow | 1.5 | 1.2 1.5 0.9 2 1 2 1
1:30 | 3 8.7 0.6 | Folow | 1.6 | 1.2 1.6 0.9 2 1 2 1
200 4 12.8 | 1.0 |quartering| 2.3 | 1.7 2.3 14 3 2 3 2
2:30 | 4 16.1 | 1.0 |quartering| 2.9 | 2.2 2.9 1.7 3 2 3 2
300 4 158 | 1.0 |quartering| 2.9 | 2.2 2.9 1.7 3 2 3 2
2013.1 3:30 | 5 202 | 2.0 Beam 3.7 | 2.8 3.7 2.2 4 3 4 2
3221400 5 20.1 | 2.0 Beam 3.7 | 2.7 3.7 2.1 4 3 4 2
4:30 | 4 16.2 | 1.0 Bow 29 | 2.2 2.9 1.7 3 2 3 2
500 | 4 13.0 | 1.0 Bow 24 | 1.8 2.4 1.4 3 2 3 2
530 | 3 9.3 0.6 |[quartering| 1.7 | 1.3 1.7 1.0 2 1 2 1
6:00 | 4 134 | 1.0 | Fllow | 2.4 | 1.8 2.4 14 3 2 3 2
6:30 | 4 156 | 1.0 |quartering| 2.8 | 2.1 2.8 1.7 3 2 3 2
700 | 4 14.7 | 1.0 |quartering| 2.7 | 2.0 2.7 1.6 3 2 3 2
730 5 204 | 2.0 Beam 3.7 | 2.8 3.7 2.2 4 3 4 2
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Table 5-15 Measurement Data of Ship’s Pitching Motion (3rd Actual Ship Test, 2014.03.19.~20.)

| BE (yrvrlgg) Wave Eznmgg AHRS Pitch Sensor Gauge Analgigtclrrllcgr;i::ter
Date | Time | ¢ e [Force | Wave| Dir. | Max | S % |Av.Amp AYéd Max | S Y |Av.Amp AY(-)d
(kts) Iﬁ?/l r}rll)t (Point) | (g) |(deg) | (deg) lzseIelc) (@ |(deg | (deg IES‘QC)
16:00 2 | 6.1 | 0.3 |quartering| 0.9 | 0.7 | 0.9 | 0.6 1 1 1 1
16:30| 2 | 41 | 0.3 |quartering| 0.6 | 0.5 | 0.6 | 0.4 1 1 1 0
17:00 2 | 42 | 03 | Beam | 06 | 05 | 0.6 | 04 1 1 1 0
17:30| 2 | 41 | 0.3 |quartering| 0.6 | 0.5 | 0.6 | 04 1 1 1 0
18:000 5 | 203 | 20 | Head | 37 | 28 | 37 | 22 | 4 3 4 2
18:30| 5 | 193] 20 | Bow | 35 | 26 | 35 | 21 | 4 3 4 2
1900 4 | 160 | 1.0 | Bow | 29 | 22| 29 | 1.7 | 3 2 3 2
2014.119:30| 6 | 221 | 3.0 | Head | 40 | 30 | 40 | 24 | 4 3 4 3
319 120:00] 6 | 224 | 30 | Head | 41 | 31 | 41 | 24 | 4 3 4 3
20:30] 5 | 201 | 20 | Head | 37 | 27 | 37 | 21 | 4 3 4 2
21:00] 4 | 142 | 1.0 | Head | 26 | 1.9 | 26 | 15 | 3 2 3 2
21:30| 4 | 159 | 1.0 | Head | 29 | 22 | 29 | 1.7 | 3 2 3 2
22:001 5 | 204 | 20 | Head | 3.7 | 28 | 37 | 22 | 4 3 4 2
22:30| 4 | 146 | 1.0 | Head | 27 | 20 | 27 | 16 | 3 2 3 2
23:00| 4 | 133 | 1.0 | Head | 24 | 1.8 | 24 | 14 | 3 2 3 2
23:30| 4 | 128 | 1.0 | Head | 23 | 1.7 | 23 | 14 | 3 2 3 2
0:00 4 | 114 | 1.0 | Head | 21 | 16 | 21 | 12 | 2 2 2 1
030 4 |[133| 1.0 | Head | 24 | 1.8 | 24 | 14 | 3 2 3 2
.00 3 [109] 06 | Bow | 20 | 15 | 20 | 1.2 | 2 2 2 1
130 3 [106] 06 | Bow | 19 | 14 | 19 | 1.1 | 2 2 2 1
2000 3 | 87 | 06 | Bow | 16 | 1.2 | 1.6 | 09 | 2 1 2 1
230 3 | 91| 06 | Bow | L7 | 12| 1.7 | 10 | 2 1 2 1
3000 3 199 | 06| Bow | 18 | 14| 1.8 | 1.1 | 2 1 2 1
330 2 | 57 | 03 | Head | 09 | 0.7 | 09 | 05 1 1 1 1
400 1 | 39 | 01 | Head | 06 | 05 | 06 | 04 1 0 1 0
2014.1430 | 2 | 46 | 03 | Beam | 0.7 | 05 | 07 | 04 1 1 1 0
390|500 1 [ 39 ] 01 |Beam | 06 | 05 | 06 | 04 | 1 0 1 0
530 1 | 26 | 01 | Bow | 04 | 03] 04 | 02 | 0 0 0 0
6:00 1 | 39 | 0.1 | Head | 0.6 | 0.5 | 06 | 04 1 0 1 0
6:30| 0 | 02 | 0.0 | Follow | 0.0 | 0.0 | 00 | 0.0 | 0 0 0 0
7:00 0 | 01 | 00 | Head | 0.0 | 0.0 | 00 | 0.0 | © 0 0 0
730 1 | 20 | 0.1 | Follow | 03 |02 | 03 | 02 | 0 0 0 0
800 1 | 13| 01 | Beam | 02 | 02 | 02 | 01 | © 0 0 0
830 1 | 13| 01 | Head | 02 | 02 | 02 | 01 | © 0 0 0
9:00 | 2 | 47 | 03 | Bow | 0.7 | 05 | 0.7 | 04 1 1 1 0
930 3 | 98 | 06 | Beam | 1.8 | 1.3 | 1.8 | 1.0 | 2 1 2 1
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Pitch Angle ( 4th Test Voyage )

Pitch Angle ( Degree )
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Fig. 5-28 Comparison of Pitching Angle by Measurement
(4th Actual Ship Test, 2014.04.05)

Table 5-16 Measurement Data of Ship’s Pitching Motion (4th Actual Ship Test, 2014.04.05.)

BF. (yr(?lrllg) Wave Efggg AHRS Pitch Sensor Gauge Anal;icﬁcgﬁ?:ter
Date | Time | Scal
e |Force I—Y(/e ?Vft Di'r. Max | S Vs |Av.Anmp Pé;lod Max |S Y5 |Av.Amp PerA;/od
kts) (s | Point) | (@) |(deg) | (deg) | (sec) | © |(deg) | (deg) | (sec)
12:00{ 1 | 1.5 | 0.1 | Fdlow | 0.20 | 0.20 | 0.20 | 0.10 | O 0 0 0
12:301 1 | 1.0 | 0.1 | Fdlow | 0.20 | 0.10 | 0.20 | 0.10 | O 0 0 0
13:00{ 0 | 0.5 | 0.0 [|quartering| 0.10 | 0.10 | 0.10 | 0.00 | 0 0 0 0
13:30] 3 | 92 | 0.6 Bow | 1.70 | 1.30 | 1.70 | 1.00 | 2 1 2 1
2014.|14:00{ 3 | 100 | 0.6 | Beam | 1.80 | 1.40 | 1.80 | 1.10 | 2 2 2 1
4.05.114:301 3 | 91 | 06 | Beam | 170 | 1.20 | 1.70 | 1.00 | 2 1 2 1
15:00{ 3 | 7.3 | 0.6 |quartering| 1.30 | 1.00 | 1.30 | 0.80 1 1 1 1
15:30| 4 | 82 | 1.0 |quartering| 1.50 | 1.10 | 1.50 | 0.90 | 2 1 2 1
16:00| 4 | 149 | 1.0 |quartering| 2.70 | 2.00 | 2.70 | 1.60 | 3 2 3 2
16:30| 4 | 135 | 1.0 | Beam | 250 | 1.80 | 250 | 1.40 | 3 2 3 2
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Table 5-17 Seakeeping Criteria of ITTC

Seakeeping Criteria

Amplitude in g

Items Definitions
Operational Survival
Significant Single
Roll 3.0° 30.0°
Amplitude in Degree(°)
Significant Single
Pitch 4.8° 8.0°
Amplitude in Degree(°)
Deckwetness Number/hour 30 HR 50 HR
Slamming Number/hour 20 HR 50 HR
Significant Single
V. Acceleration 04 g 0.8 g
Amplitude in g
Significant Single
L. Acceleration 02 g 04 g
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Fig. 5-30 Photograph of Mechanical Accelerometer Measuring System
(a) External Apparatus(L275xB185xH140cm), (b) Internal Apparatus

— 148 —



1A g TSR AAe A dee AF dd =49 FAYd nE
HEE(@)E A B Hol oJs IF Masse| Zohz W9 ()7t A71A =

3, ool WE WA AzeA ZARG. AZel I £F WAL ol

2
x| X (5-5)

a Acceleration

Maz=

L T T L K

Di= plac!e ment

Fig. 5-31 Accelerometer principle

— 149 —



AR &F 7NEE Az Az ALE AA4 &R &R AAe F
8 A2 Table 5-187 #t.

Table 5-18 Principal Specifications of the Mechanical Accelerometer

Items Dimension

Measured acceleration range 2 g

Scale factor 5 V/g

Operating temperature -50C ~ +70TC

Power consumption 0.5 W

Shock resistance 30 g

Viprgtion strength 5 g

(within a range of up to 500 Hz)

Supply voltage +15 V

Dimension 38 X 38 X 25 (mm)

Mass 115 (g)
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Table 5-19 Measurement Data of Vertical Acceleration (3rd Actual Ship Test, 2014.03.19.~20.)

Wind Encounter AHRS Acc. Mechanical Acc,
' pp |(True) NS Angle Sensor Gauge Roll Gauge
Ric ) b Scale | Force 13% ?Vlft Dir. Max S 1 Max S 1
(kts) |Hya | (Point) (@ (@ (@ (g
16:00 2 6.1 0.3 |quartering | 0.0940 0.0700 0.117 0.088
16:30 2 4.1 0.3 |quartering| 0.0630 0.0470 0.079 0.059
17:00 2 4.2 0.3 Beam 0.0650 0.0480 0.081 0.061
17:30 2 4.1 0.3 |quartering| 0.0630 0.0470 0.079 0.059
18:00 5 20.3 2.0 Head 0.3690 0.2770 0.461 0.346
18:30 5 19.3 2.0 Bow 0.3510 0.2630 0.439 0.329
19:00 4 16.0 1.0 Bow 0.2910 0.2180 0.364 0.273
2014. | 19:30 6 22.1 3.0 Head 0.4020 0.3010 0.502 0.377
3.19. | 20:00 6 22.4 3.0 Head 0.4070 0.3050 0.509 0.382
20:30 5 20.1 2.0 Head 0.3650 0.2740 0.457 0.343
21:00 4 14.2 1.0 Head 0.2580 0.1940 0.323 0.242
21:30 4 15.9 1.0 Head 0.2890 0.2170 0.361 0.271
22:00 5 20.4 2.0 Head 0.3710 0.2780 0.464 0.348
22:30 4 14.6 1.0 Head 0.2650 0.1990 0.332 0.249
23:00 4 13.3 1.0 Head 0.2420 0.1810 0.302 0.227
23:30 4 12.8 1.0 Head 0.2330 0.1750 0.291 0.218
0:00 4 11.4 1.0 Head 0.2070 0.1550 0.259 0.194
0:30 4 13.3 1.0 Head 0.2420 0.1810 0.302 0.227
1:00 3 10.9 0.6 Bow 0.1980 0.1490 0.248 0.186
1:30 3 10.6 0.6 Bow 0.1930 0.1450 0.241 0.181
2:00 3 8.7 0.6 Bow 0.1580 0.1190 0.198 0.148
2:30 3 9.1 0.6 Bow 0.1650 0.1240 0.207 0.155
3:00 3 9.9 0.6 Bow 0.1800 0.1350 0.225 0.169
3:30 2 5.7 0.3 Head 0.0880 0.0660 0.110 0.082
4:00 1 3.9 0.1 Head 0.0600 0.0450 0.075 0.056
2014. 1 430 | 2 | 46 | 03 | Beam | 0.0710 | 0.0530 0.088 0.066
390. | 500 | 1 | 39 | 01 | Beam | 0.0600 | 0.0450 | 0.075 0.056
5:30 1 2.6 0.1 Bow 0.0400 0.0300 0.050 0.038
6:00 1 3.9 0.1 Head 0.0600 0.0450 0.075 0.056
6:30 0 0.2 0.0 Follow 0.0030 0.0020 0.004 0.003
7:00 0 0.1 0.0 Head 0.0020 0.0010 0.002 0.001
7:30 1 2.0 0.1 Follow 0.0310 0.0230 0.038 0.029
8:00 1 1.3 0.1 Beam 0.0200 0.0150 0.025 0.019
8:30 1 1.3 0.1 Head 0.0480 0.0360 0.060 0.045
9:00 2 4.7 0.3 Bow 0.0720 0.0540 0.090 0.068
9:30 3 9.8 0.6 Beam 0.1780 0.1340 0.223 0.167
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V.Acc. : 4th Test Voyage(Jinhae ~ Busan ) o msg ﬁi- g’:g;;cam

—-A\-- Mechanical Acc. Max.
0.6 --A-- Mechanical Acc. Sigificant

0.5

04l
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Acceleration (g)

0.1

0.0

12 13 14 15 16
2014.04.03 Time (hr)

Fig. 5-33 Comparison of Vertical Acceleration by measurement
(4th Actual Ship Test, 2014.04.05)

Table 5-20 Measurement Data of Vertical Acceleration (4th Actual Ship Test, 2014.04.05.)

Wind Wave Encounter AHRS Acc. Mechanical Acc,

BF (True) Angle Sensor Gauge Roll Gauge

Date | Time e W ]

Scale | Force He?v}ft Dir. Max S 5 Max S s
kts) | Hyam | (Point) @ @ ® ®
12:00 1 1.5 0.1 Follow 0.023 0.017 0.029 0.022
12:30 1 1.0 0.1 Follow 0.015 0.012 0.019 0.014
13:00 0 0.5 0.0 |quartering 0.070 0.063 0.01 0.007
13:30 3 9.2 0.6 Bow 0.167 0.125 0.209 0.157
2014. | 14:00 3 10.0 0.6 Beam 0.182 0.136 0.227 0.17
4.05. | 14:30 3 9.1 0.6 Beam 0.165 0.124 0.207 0.155
15:00 3 7.3 0.6 |quartering| 0.133 0.100 0.166 0.124
15:30 4 8.2 1.0 |quartering| 0.179 0.148 0.186 0.14
16:00 4 14.9 1.0 |quartering| 0.271 0.203 0.339 0.254
16:30 4 13.5 1.0 Beam 0.245 0.184 0.307 0.23
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Table 5-21 Calculation Data of SPI (I1st Actual Ship Test, 2013.03.18.~19)

o T [vae e e T Feromnc
e oG | so6 Dir. [BF. | Wa%e| Dir. | Max | S % | VAcc. | Cal SpI
(Deg.) | (Kts) |(Point)|Scale | [y (Point) | (@) (@ Var. V.Acc.
Date : 2013. 03. 18
17:00 | 150.5 | 11.2 | SW 5 2.0 | Beam | 0.347 | 0.260 |0.002094 | 0.303725 | 0.370355
17:30 | 179.2 | 11.7 | SW 4 1.0 Bow | 0.285 | 0.214 |0.000764 | 0.183459 | 0.205699
18:00 | 206.5 | 11.6 | SW 5 2.0 | Head | 0.367 | 0.275 |0.001980 | 0.295342 | 0.360419
18:30 | 211.0 | 11.9 | SW 6 3.0 | Head | 0.445 | 0.334 |0.002939 | 0.359826 | 0.434898
19:00 | 211.7 | 11.3 |WSW | 7 4.0 | Head | 0.736 | 0.552 |0.004230 | 0.431681 | 0.528409
19:30 | 2115 | 115 |WSW | 5 2.0 Bow | 0.378 | 0.284 |0.001923 | 0.291060 | 0.347099
20:00 | 210.8 | 148 |WSW | © 3.0 Bow | 0.440 | 0.330 |0.002975 | 0.362023 | 0.391234
20:30 | 215.7 | 15.0 |WSW | 5 2.0 Bow | 0.360 | 0.270 |0.002020 | 0.298311 | 0.324682
21:00 | 208.3 | 15.0 |WSW | 6 3.0 Bow | 0.424 | 0.318 |0.003090 | 0.368954 | 0.409978
21:30 | 207.8 | 16.8 |WSW | 6 3.0 Bow | 0.482 | 0.361 |0.002717 | 0.345969 | 0.353108
22:.00 | 234.8 | 16.6 W 6 3.0 | Head | 0.469 | 0.352 |0.002791 | 0.350649 | 0.381500
22:30 | 249.3 | 14.3 W 8 5.5 | Head | 0.758 | 0.568 |0.006452 | 0.533139 | 1.103900
23:.00 | 249.3 | 11.7 |WSW | 7 4.0 | Head | 0.684 | 0.513 |0.004545 | 0.447466 | 0.544032
23:30 | 250.2 | 11.6 W 6 3.0 | Head | 0.487 | 0.365 |0.002687 | 0.344054 | 0.419431
Date : 2013. 03. 19

0:00 | 248.2 | 11.6 \ 7 4.0 | Head | 0.653 | 0.490 | 0.004762 | 0.458023 | 0.558608
0:30 | 245.0 | 11.9 |WNW| 6 3.0 Bow | 0.433 | 0.325 | 0.003025 | 0.365053 | 0.425247
1:00 | 244.3 | 120 |WNW| 6 3.0 Bow | 0.435 | 0.326 | 0.003013 | 0.364328 | 0.418737
1:30 | 243.2 | 12.1 |[WNW| 6 3.0 Bow | 0.453 | 0.340 | 0.002892 | 0.356937 | 0.416901
2:00 | 2435 | 12.0 |[WNW| 6 3.0 Bow | 0.467 | 0.350 | 0.002802 | 0.351339 | 0.403706
2:30 | 255.2 | 121 [WNW| 6 3.0 Bow | 0.436 | 0.327 |0.003000 | 0.363541 | 0.435561
3:00 | 256.8 | 12.2 |[WNW| 6 3.0 Bow | 0.415|0.311 |0.003158 | 0.372992 | 0.434385
3:30 | 2698 | 124 [WNW| 6 3.0 | Head | 0.438 | 0.329 |0.002988 | 0.362813 | 0.431046
4:00 | 258.0 | 12.6 |WNW| 6 3.0 Bow | 0.402 | 0.301 | 0.003258 | 0.378851 | 0.436127
4:30 | 256.8 | 15.7 W 5 2.0 | Head | 0.342 | 0.256 |0.002128 | 0.306181 | 0.343720
5:00 | 256.8 | 10.8 | NW 5 2.0 Bow | 0.333 | 0.250 | 0.002186 | 0.310326 | 0.382728
5:30 | 256.8 | 10.9 | SSW | 4 1.0 Bow | 0.265 ] 0.199 |0.000822 | 0.190296 | 0.205699
6:00 | 2575 | 104 | NW 3 0.6 Bow | 0.155|0.116 |0.000635 | 0.167255 | 0.205699
6:30 | 248.8 | 10.3 |WNW| 2 0.3 Bow | 0.086 | 0.065 |0.000214 | 0.097096 | 0.205699
7:00 | 209.7 | 12.2 | SW 1 0.1 | Head | 0.031 | 0.023 |0.000050 | 0.046933 | 0.205699
7:30 | 216.3 | 7.6 ESE 1 0.1 | Beam | 0.045 | 0.033 |0.000034 | 0.038702 | 0.205699
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Fig. 5-37 Calculation Input & Output Data using SPI
(Ist Actual Ship Test, 2013.03.18. 22:30 KST)
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Table 5-22 Calculation Data of SPI (2nd Actual Ship Test, 2013.03.21.~22)

, Hesalludirl)qg sgélgd WAEIBE) || W Eﬁgf (AHlys' égriéor) Seakee%lalguﬁetircfgrmame
fme HDG | SOG | Dir. | BF. }\ﬁ ave | Dir. | Max | S % | VAcc. | Cal -
(Deg.) | (Kts) |(Point)|Scale | Husiy | Poind) |  (g) (@ Var. V.Acc.
Date : 2013. 03. 21
17:00| 68.7 | 135 | W | 3 | 0.6 [Follow| 0.127 | 0.095 |0.000770 |0.184178 | 0.205699
17:30 | 68.2 | 13.6 |WNW| 2 | 0.3 [quarter| 0.100 | 0.075 |0.000180 | 0.089049 | 0.205699
18:00| 630 | 152 | W | 3 | 0.6 [Follow| 0.151 | 0.113 |0.000650 |0.169219 | 0.205699
1830 | 627 | 162 |WNW| 4 | 1.0 [quarter| 0.202 | 0.151 |0.001080 |0.218125 | 0.205699
19:00 | 62.8 | 17.2 |WNW| 2 | 0.3 |quarter| 0.069 | 0.052 |0.000270 | 0.109062 | 0.205699
19:30 | 63.7 | 184 | W | 0 | 0.0 |Follow| 0.065 | 0.048 |0.000290 | 0.113030 | 0.205699
20:00 | 63.5 | 187 | SW | 1 | 0.1 |Follow| 0.051 | 0.038 |0.000030 | 0.036354 | 0.205699
20:30 | 62.8 | 184 |WSW| 1 | 0.1 |Follow| 0.052 | 0.039 |0.000030 |0.036354 | 0.205699
21:00| 670 | 13.7 | W | 3 | 0.6 |Follow| 0.140 | 0.105 |0.000700 | 0.175607 | 0.205699
21:30 | 57.0 | 135 |WNW/| 2 | 0.3 |quarter| 0.078 | 0.059 |0.000240 | 0.102825 | 0.205699
22:00| 575 | 134 | W | 3 | 0.6 |quarter| 0.189 | 0.142 |0.000520 | 0.151354 | 0.205699
22:30| 60.2 | 135 | W | 3 | 0.6 |Follow| 0.144 | 0.108 |0.000680 | 0.173080 | 0.205699
23:00| 58.0 | 133 | W | 3 | 0.6 |quarter| 0.133 | 0.100 |0.000740 | 0.180555 | 0.205699
23:30 | 475 | 134 |WSW| 3 | 0.6 |Follow | 0.145 | 0.109 |0.000680 | 0.173080 | 0.205699
Date : 2013. 03. 22

000 | 443 | 129 | W | 3 | 0.6 |quarter| 0.178 | 0.134 |0.000550 | 0.155659 | 0.205699
0:30 | 645 | 133 | SW | 3 | 0.6 |Follow| 0.176 | 0.132 |0.000560 | 0.157068 | 0.205699
1:00 | 695 | 127 | W | 3 | 0.6 |Follow| 0.155 | 0.116 |0.000640 | 0.167912 | 0.205699
1:30 | 463 | 12.8 |WSW| 3 | 0.6 |Follow| 0.158 | 0.119 |0.000620 | 0.165268 | 0.205699
2:00 | 36.3 | 127 |WSW| 4 | 1.0 |quarter| 0.233 | 0.175 |0.000940 | 0.203496 | 0.205699
2:30 | 29.8 | 12.8 |WSW | 4 | 1.0 |quarter| 0.293 | 0.220 |0.000750 | 0.181771 | 0.205699
3:00 | 220 | 132 |WSW| 4 | 1.0 |quarter| 0.287 | 0.215 |0.000760 | 0.182978 | 0.205699
330 | 17 | 111 |WSW| 5 | 2.0 |Beam | 0.367 | 0.275 |0.001980 | 0.295342 | 0.877596
4:00 | 168.0 | 9.0 [WSW| 5 | 2.0 |Beam | 0.365 | 0.274 |0.001990 | 0.296087 | 0.741297
4:30 | 2047 | 10.1 [WSW| 4 | 1.0 | Bow | 0.295 | 0.221 |0.000740 | 0.180555 | 0.205699
5:00 | 219.5 | 10.0 |WSW| 4 | 1.0 | Bow | 0.236 | 0.177 |0.000920 | 0.201320 | 0.205699
530 | 39.0 | 113 |WSW | 3 | 0.6 |quarter| 0.169 | 0.127 |0.000580 | 0.159848 | 0.205699
6:00 | 34.2 | 11.9 |WSW| 4 | 1.0 |Follow| 0.244 | 0.183 |0.000900 | 0.199120 | 0.205699
6:30 | 16.0 | 11.6 |WSW| 4 | 1.0 |quarter| 0.284 | 0.213 |0.000770 | 0.184178 | 0.205699
700 | 285 | 141 |WSW| 4 | 1.0 |quarter| 0.267 | 0.200 |0.000820 | 0.190064 | 0.205699
7:30 | 299.3 | 83 |WSW| 5 | 2.0 |Beam | 0.371 | 0.278 |0.001960 | 0.293847 | 0.476896

— 165




Evaluation Diagram of Mavigational Safety
HEAD

.0

Port Sthd

150 150

FOLLOW

(a) Evaluation Diagram

Input & Cutput —=_ M SN ==

Input B ~Results

A\ VARIANCE \0.00138 L AVMU \0.295342

WIND DIRECTION |Eﬂ1_|" ’ | oMU ||1 165123

SHIP COURSE .7 AML |0, 445146

NBF E SML [0.383684
ALML |D, 3793496

Tk Half - [T, 00557
ATMU :

WIND SPEED(Kts)  |20.2

{ 7 <=WSD < bd) ISP |0.877556

EANGLE /65,3

SHIP SPEED(Knats) |11 RUN

(b) Calculation Input & Output Data for SPI

Fig. 5-39 Evaluation of Navigation Safety using SPI

(2nd Actual Ship Test, 2013.03.22. 03:30 KST)
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Table 5-23 Calculation Data of SPI (3rd Actual Ship Test, 2014.03.19.~20)

Shi Shi . Encounter V. Acc. Seakeeping Performance

T Headirl)lg SpeeI:)d WAEIBE) || W Angle |(AHRS Sensor) pCa%ulation

e HDG | SOG | Dir. | BF. 0.3 Dir. | Max | S ¥5 | V.Acc. Cal. SPI

(Deg.) | (Kts) |(Point)|Scale| ~ |(Point)| (g (@ Var. V.Acc.
Date : 2014. 03. 19
16:00 | 214.70 | 12.30 | NNW | 2 0.3 |quarter| 0.094 | 0.070 |0.000200 | 0.093866 | 0.205699
16:30 | 175.30 | 15.10 | NW | 2 0.3 |quarter| 0.063 | 0.047 |0.000290 | 0.113030 | 0.205699
17:00 [ 204.50 | 15.70 | W 2 0.3 | Beam | 0.065 | 0.048 |0.000320|0.118732 | 0.205699
17:30 | 184.50 | 18.10 | NW | 2 0.3 |quarter| 0.063 | 0.047 |0.000540 | 0.154237 | 0.205699
18:00 | 97.00 | 18.00 | ESE | 5 2.0 | Head | 0.369 | 0.277 |0.001970 | 0.294595 | 0.755347
18:30 | 144.20 | 16.80 | E 5 2.0 | Bow | 0.351 | 0.263 |0.002070 | 0.301980 | 0.419801
19:00 | 133.70 | 16.80 | E 4 1.0 | Bow | 0.291 | 0.218 |0.000750 | 0.181771 | 0.205699
19:30 | 85.20 | 13.20 | E 6 3.0 | Head | 0.402 | 0.301 |0.003260 | 0.378967 | 0.408881
20:00 | 84.30 | 9.90 E 6 3.0 | Head | 0.407 | 0.305 |0.003210 | 0.376050 | 0.440360
20:30 | 85.30 | 10.80 | E 5 2.0 | Head | 0.365 | 0.274 |0.001990 | 0.296087 | 0.335964
21:00 | 86.20 | 14.40 | E 4 1.0 | Head | 0.258 | 0.194 |0.000850 | 0.193510 | 0.205699
21:30 | 87.00 | 15.30 | E 4 1.0 | Head | 0.289 | 0.217 |0.000750 | 0.181771 | 0.205699
22:00 | 89.30 | 15.30 | E 5 2.0 | Head | 0.371 | 0.278 |0.001960 | 0.293847 | 0.256444
22:30 | 79.70 | 1480 | E 4 1.0 | Head | 0.265 | 0.199 |0.000820 | 0.190064 | 0.205699
23:00 | 71.80 | 11.10 | ENE | 4 1.0 | Head | 0.242 | 0.181 |0.000900 | 0.199120 | 0.205699
23:30 | 73.20 | 10.70 | ENE | 4 1.0 | Head | 0.233 | 0.175 |0.000940 | 0.203496 | 0.205699
Date : 2014. 03. 20

0:00 | 75.50 | 11.20 | ENE | 4 1.0 | Head | 0.207 | 0.155 [0.001050 | 0.215074 | 0.205699
0:30 | 76.50 | 11.60 | ENE | 4 1.0 | Head | 0.242 | 0.181 |0.000900 | 0.199120 | 0.205699
1:00 | 71.70 | 11.90 | NE 3 0.6 | Bow | 0.198 | 0.149 |0.000500 | 0.148415 | 0.205699
1:30 | 75.30 | 12.30 | NNE | 3 0.6 | Bow | 0.193 | 0.145 |0.000510 | 0.149892 | 0.205699
2:00 | 69.50 | 12.40 | NNE | 3 0.6 | Bow | 0.158 | 0.119 |0.000620 | 0.165268 | 0.205699
2:30 | 59.80 | 12.80 | NNE | 3 0.6 | Bow | 0.165 | 0.124 |0.000590 | 0.161220 | 0.205699
3:00 | 29.70 | 1270 | N 3 0.6 | Bow | 0.180 | 0.135 |0.000550 | 0.155659 | 0.205699
3:30 | 19.80 | 10.60 | NNE | 2 0.3 | Head | 0.088 | 0.066 |0.000210|0.096184 | 0.205699
4:00 |359.00| 5.40 N 1 0.1 | Head | 0.060 | 0.045 |0.000030 | 0.036354 | 0.205699
4:30 | 55.70 | 1.00 |NNW | 2 0.3 | Beam | 0.071 | 0.053 |0.000260 | 0.107024 | 0.205699
5:00 | 37.50 | 0.30 | NW 1 0.1 | Beam | 0.060 | 0.045 |0.000030 | 0.036354 | 0.205699
5:30 | 24.00 | 0.00 |[NNW | 1 0.1 | Bow | 0.040 | 0.030 |0.000040 | 0.041978 | 0.205699
6:00 [351.80| 0.10 | NW 1 0.1 | Head | 0.060 | 0.045 |0.000030 | 0.036354 | 0.205699
6:30 | 3.20 | 0.40 S 0 0.0 |Follow | 0.003 | 0.002 |0.000100 | 0.066373 | 0.205699
7:00 | 1.30 | 0.40 N 0 0.0 | Head | 0.002 | 0.001 |0.000070 | 0.055532 | 0.205699
7:30 | 79.70 | 12.40 | SW 1 0.1 |[Follow| 0.031 | 0.023 |0.000050 | 0.046933 | 0.205699
8:00 | 59.50 | 12.20 S 1 0.1 | Beam | 0.020 | 0.015 |0.000080 | 0.059366 | 0.205699
8:30 | 50.20 | 11.90 | ENE | 1 0.1 | Head | 0.048 | 0.036 |0.000120|0.072708 | 0.205699
9:00 | 50.30 | 14.60 | N 2 0.3 | Bow | 0.072 | 0.054 |0.000260 | 0.107024 | 0.205699
9:30 | 55.50 | 14.90 | NNW | 3 0.6 | Beam | 0.178 | 0.134 |0.000550 | 0.155659 | 0.205699
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Evaluation Diagram of Mavigational Safety
HEAD
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150 :
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(a) Evaluation Diagram

Input & Output _——

Input \ A — —Results
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WIND DIRECTION ~ [112 oMU [0, 237954

SHIP COURSE 97 AML |0.696512

NEF E SML [0.649648
ALML (0,054 7358

P2k Half = el 0624308

WIND SPEED(Kts) 0.3 '

(7 <=WSD < hd) ISPI |0. 755347

EANGLE 165

SHIP SPEED(Knats) |18 RUN

(b) Calculation Input & Output Data for SPI

Fig. 5-41 Evaluation of Navigation Safety using SPI

(3rd Actual Ship Test, 2014.03.19. 18:00 KST)
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SPI : 4th Test Voyage (Jinhae ~ Busan)

- A~ Calculate V. Acc.
- A- AHRS V. Acc. Sigificant

SPl&g

—e— SPI
1.2
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Fig. 5-42 Comparison of SPI & Vertical Acceleration by Measurement
(4th Actual Ship Test, 2014.04.05)

Table 5-24 Calculation Data of SPI (4th Actual Ship Test, 2014.04.05)

I e L e e
HDG | SOG | Dir. | BF. }‘ﬁ ave| Dir. | Max | S % | V.Acc | Cal SpI
(Deg.) | (Kts) |(Point)|Scale | Husiy) | Point) | (g) (g Var. V.Acc.

12:00| 50.7 1.1 SW 1 0.1 |Follow | 0.023 | 0.017 |0.000070 | 0.055532 | 0.205699

12:30| 168.5 1 N 1 0.1 |Follow | 0.015 | 0.012 |0.000100 | 0.066373 | 0.205699

13:00f 61.2 | 10.9 |WNW| O 0.0 [|quarter| 0.070 | 0.063 |0.000420 | 0.136025 | 0.205699

13:30| 122 11.1 | SSE 3 0.6 Bow | 0.167 | 0.125 |0.000590 | 0.161220 | 0.205699

14:00( 90.7 13 SSE 3 0.6 | Beam | 0.182 | 0.136 |0.000540 | 0.154237 | 0.205699

14:30| 90.5 | 13.1 S 3 0.6 | Beam | 0.165 | 0.124 |0.000590 | 0.161220 | 0.205699

15:00f 65.3 | 13.7 | SSW | 3 0.6 |quarter| 0.133 | 0.100 |0.000740 | 0.180555 | 0.205699

15:30 359 126 | SSW | 4 1.0 |quarter| 0.179 | 0.148 |0.001460 | 0.253612 | 0.205699

16:00| 293.7 | 11.5 | ENE | 4 1.0 |quarter| 0.271 | 0.203 |0.000810 | 0.188901 | 0.205699

16:30| 10.2 1.1 E 4 1.0 | Beam | 0.245 | 0.184 |0.000890 | 0.198010 | 0.205699
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Evaluation Diagram of Mavigational Safety
HEAD

1.0
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(a) Evaluation Diagram
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(b) Calculation Input & Output Data for SPI

Fig. 5-43 Evaluation of Navigation Safety using SPI
(4th Actual Ship Test, 2014.04.03. 14:00 KST)
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[F= 1-1) Agdd 23 28 "oy : A 1x Ad A3 (F4F ~ A5 g3l %k, 2013. 3. 18 ~ 19
Ship Heading | Ship Speed Wind(True) Wave(Sea State) Save
Da.te & Position . . . Wave . S Time Remark
Time HDG | COG | SOG | STW | Dir. |Force D1.r. B.F. D1.r. Sea Fieiai File Name (Min)
(Deg.) | (Deg.)| (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale HYAm)
521030(0135% 1;‘;: (())211::] 1505 | 148.0 | 11.2 | 111 | 223 | 191 | SW | 5 | SW | 4 | 20 21(;]1/*3\6;1{5%0 30 gg?ft of Busan
521330835}5 12‘; gg N 17921820 | 17 | 116 | 219 | 157 | SW | 4 SW | 3 | 10 Zlgf‘g\é;ﬁgéo 30
fg%%?ﬁs% 1?2’3 gig 2065 | 211.0 | 116 | 116 | 225 | 202 | SW | 5 | SW | 4 | 20 ggggélf;%éo 30
5313%&35% 1;3 ‘égg 2110 | 2140 | 119 | 115 | 232 | 245 | SW | 6 | SW | 4 | 30 251’*3\(;;1{52;0 30
581038835}3 1?2’?; ‘éé I]::I 2117 | 214.0 | 11.3 | 10.7 | 240 | 331 |WSW| 7 | SW | 5 | 4.0 Zglg\é;fig(’)o 30
5813%825% 13?;2 ggg 2115 | 2120 | 11.5 | 11.0 | 254 | 20.8 |WSW | 5 W | 4 | 20 218]?3\6;1{;%50 30
5810%8?5% 1;@ :;%I;;I 2108 | 2144 | 148 | 139 | 254 | 242 |[WSW| 6 | W | 4 | 30 zglA;(ngsBz%(_)o 30
5813308351% 15;; ig N 2157 | 2170 | 150 | 147 | 255 | 198 |WSW| 5 W | 4 | 20 Zlgg\éélfg]z%éo 30
5?10?(’)835% 13‘; }1?) N 20832100 150 | 149 | 240 | 233 |WSW| 6 W | 4 | 30 2%‘6;1{832%0 30
5(1)1332)825% 1‘;‘;3 é%g 207.8 | 2060 | 168 | 162 | 246 | 26,5 |WSW| 6 | W | 4 | 30 zgggélfs%?éo 30
5210?68251% 15;; %g N 2348 2350 | 166 | 163 | 250 | 258 | W | 6 W | 4 | 30 21(;]{“‘3\(;;1{8]32260 30
5313%82%8) 12‘; gi N 2403|2510 143 | 141 | 272 341 W 8 W | 5 | 55 Zgg;f;géo 30
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Ship Heading | Ship Speed Wind(True) Wave(Sea State) Save
Da.te & Position . . . Wave . S Time Remark
Time HDG | COG | SOG | STW | Dir. |Force D1.r. B.F. D1.r. Sea Fieiai File Name (Min)
(Deg.) | (Deg.)| (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale HYAm)
5310%(0125% o o N 2193 2520 | 17 | 16 | 258 | 308 \WSW| 7 | W | 5 | 40 | ARAP 3
521330835}5 12‘; fgg 2502 | 2510 | 116 | 116 | 270 | 268 | W | 6 | W | 4 | 30 Zlgf‘g\é;fg%géo 30
3810?68(35% o N 822500 116 | 115 | 274 | 294 | W | 7| W | 5 | 40 zgggéﬁ)%(‘)o 30
5813%8%% Lt N 50 | 2450 | 119 | 117 | 299 | 238 WNW| 6 | NW | 4 | 30 | AREROL g
g%%g?s}g 1?2’?; ‘Zég 2443|2450 | 120 | 119 | 294 | 239 |(WNW| 6 | NW | 4 | 30 218]%\(;511{;3()?(_)0 30
3?13%835% 131; o N 32| 2020 121 | 122 | 283 | 249 [WNW| 6 | NW | 4 | 30 2%\6;1230?;0 30
5(2)10%(01?5% LS N 35| 2430 | 120 | 120 | 295 | 257 \WNW| 6 | NW | 4 | 30 | AR g
33133083515 15;; gg 2552 | 256.0 | 121 | 121 | 288 | 240 |[WNW| 6 | NW | 4 | 3.0 21(;]{"3\(;;1{;302;)0 30
gglog(’)?ésl% 13?7’ S, N 2968|2500 | 122 | 122 | 295 228 |WNW| 6  NW | 4 | 30 2%‘6;12302(‘)0 30
5(3)13%&35% T N 298 2720 | 124 | 124 | 207 | 241 WNW| 6 | NW | 4 | 30 | SRR g
3210?6825% 13;; L(l)il;:l 258.0 | 260.0 | 12.6 | 12.3 | 298 | 221 |[WNW| 6 | NW | 4 | 3.0 Zglg\é;f;)%o 30
5213%8251% 122 gg 256.8 | 259.0 | 157 | 151 | 280 | 188 | W | 5 | NW | 4 | 20 21(;%;1230250 30
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Ship Heading | Ship Speed Wind(True) Wave(Sea State) S
ave
Deiie & Position SAE Time Remark
Time HDG | COG | SOG | STW | Dir. |Force| Dir. | BE. | Dir. | Sea X’e ?Vft File Name | 0
(Deg.) | (Deg.) | (Kts) | (Kts) |(Deg.)| (Kts) |(Point)|Scale | (Point) | Scale Hl/s%y ™
2013.03.19 | 33° 39’ N NAV-HBD-
05:00KST) | 126° 50" E 256.8 | 256.0 | 10.8 | 104 | 305 | 18.3 | NW 5 NW 4 2.0 901303190500 30
2013.03.19 | 33° 38’ N NAV-HBD-
05:30(KST) | 126° 44 E 256.8 | 257.0 | 109 | 106 | 300 | 14.6 | NW 4 NW 3 1.0 901303190530 30
2013.03.19 | 33° 37’ N NAV-HBD- Coast of Jeju
06:00KST) | 126° 37" E 25751 260.0 | 104 | 108 | 305 | 85 | NW 3 NW 3 0.6 901303190600 30 Port
2013.03.19 | 33° 38’ N NAV-HBD-
06:30KST) | 126° 39’ E 248.8 | 252.0 | 10.3 | 10.7 | 300 56 |WNW | 2 NW 2 0.3 901303190630 30
2013.03.19 | 33° 37’ N NAV-HBD-
07:00(KST) | 126° 36 E 209.7 | 208.0 | 122 | 126 | 224 2.0 SW 1 NW 1 0.1 901303190700 30
2013.03.19 | 33° 32’ N NAV-HBD- Arr. Jeju Port
07:30KST) | 126° 32’ E 216.3 | 2180 | 7.6 7.5 111 2.9 | ESE 1 NW 1 0.1 901303190730 30 Pier
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[F= 1-2) 434 &3 28 doly : A 22 Ad A3 A ~ B4 g8l %, 2013. 3. 21 ~ 22
Ship Heading | Ship Speed Wind(True) Wave(Sea State) Save
Da.te & Position . . . Wave . S Time Remark
Time HDG | COG | SOG | STW | Dir. |Force D1.r. B.F. D1.r. Sea Fieiai File Name (Min)
(Deg.) | (Deg.)| (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale HYAm)
fgl()%(oés?) 13‘2 zé I;:I 1372 - | 00| - 292 71 |WNW| 3 | W | 3 | 06 2&%‘6;;{3%& 30 | Dep. Jeju Port
fglggogfs}g S0 N30 - 09 | 11 32| 74 [NNW3 W |3 06 | RS a0
f%%?ﬁs% e N 0687 0720 | 135 | 134 | 266 | 70 | W |3 | W | 3 | 06 zgggégﬁ%o o | ot Jeju
5213%8%% o N 0682 0700 | 136 | 134 | 296 | 65 WNW| 2 | W | 2 | 03 | AL g
fgl()%ggs?rl) 1?2’2 ‘é% N 0630 | 0640 | 152 | 156 | 272 | 83 | W 3 W | 3 | 08 21(;15‘3\(;;2{1%2(_)0 30
5213?6825% 131; f)g N 0627 | 0640 | 162 | 162 | 288 | LLL |WNW, 4 | W | 3 | 10 218%\6;2{3250 30
58103(*)(01352% T N 0628 0640 | 172 | 164 | 201 | 45 (WNW| 2w | 2 | 03 | A0 g
581330835% 15;; o0, N 06370660 184 | 172 | 268 | 42 | W | 2 | W | 2 | 03 21(;15‘3\(;;2{1%2;,0 30
58103(’)835% 13?7’ o0 B 0635 0670 187 | 175 | 235 33 SW | 1 | sw | 1 | 01 2%‘6;2{1';%60 30
581332)835% oS N 0628 0650 | 184 | 176 | 242 | 34 \WSW| 1 | sw | 1 | 01 | AHE0 g
5?10?6825% 15;; gé I]::] 067.0 | 069.0 | 137 | 132 | 264 77 | W | 3 3| 06 21(;%\(;;2{1%?60 30
55)13%825% 12‘; gg N 0570 | 0600 | 135 | 129 | 282 | 51 WNW| 2 2 | 03 21(;%;2{1%?50 30
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Ship Heading | Ship Speed Wind(True) Wave(Sea State) Save
Da.te & Position . . . Wave . S Time Remark
Time HDG | COG | SOG | STW | Dir. |Force D1.r. B.F. D1.r. Sea Fieiai File Name (Min)
(Deg.) | (Deg.) | (Kts) | (Kts) |(Deg.)| (Kts) |(Point)|Scale | (Point) | Scale HYAm)
5210%825% 1;‘;: ggg 057.5|059.0 | 134 | 129 | 281 | 104 | W | 3 W 3 ] 06 25@6;;{;250 30
521330835% 12‘; iglg 060.2 | 0610 | 135 | 129 | 265 | 79 | W | 3 | W | 3 | 06 Zlgf‘g\é;;l%géo 30
5210‘96825% 1;"; gg 0580 | 060.0 | 133 | 126 | 279 | 73 | W | 3 | W | 3 | 06 zgggégﬁ%(‘)o 30
5313%&35% 1;‘;: ;2 I;:I 047.5| 051.0 | 134 | 127 | 257 | 8.0 |WSW | 3 W 3 ] 06 21(;]1‘*3\5;?1%]33;0 30
3810%825% 1?2’?5 22 N 04430500 129 | 129 | 279 | 98 | W 3 W | 3 | 08 218]%\(;512{;3()?)(_)0 30
3813?68252% é‘é 23 N 0645|0720 | 133 | 1.7 | 230 |97 | SW | 3 | W | 3 | 0 218@6;2230?);0 30
5(1)10%(01?5% ééi ig I;:I 069.5| 071.0 | 12.7 | 109 | 262 | 85 | W | 3 W 3 ] 06 ZEIQX;ZH;E(;O 30
3?330835% 15;; ég N 0463 0490 | 128 | 120 | 256 | 87 |WSW 3 W | 3 | 08 Zlgg\éélz{;)?éo 30
5310?(’)835% 13‘; ﬁﬁ N 0363|0420 | 127 | 128 | 250 | 128 |WSW 4 W | 3 | 10 2%‘6;2{230260 30
331352)825% 1‘;3 %ZI;;I 029.8 1 032.0 | 12.8 | 126 | 256 | 161 |[WSW| 4 | W | 3 | 10 zgggéngogéo 30
3310%8252% 13;;2 ‘é‘; I]::I 0220|0240 | 132 | 126 | 244 | 158 |WSW| 4 | SW | 3 | 10 Zglf‘g\é;;;géo 30
5313?5835?) 12‘; ‘g% N 0017|0050 | 111 | 103 | 247 | 202 |WSW| 5 SW | 4 | 20 21(;%;2{2130250 30

RE1]-5




Ship Heading | Ship Speed Wind(True) Wave(Sea State) S
ave
Deiie & Position SAE Time Remark
Time HDG | COG | SOG | STW | Dir. |Force| Dir. | BE. | Dir. | Sea X’e ?V}ft File Name | 0
(Deg.) | (Deg.) | (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale Hl/s%y ™

2013.03.22 | 34° 53’ N NAV-HBD-
04:00KST) | 129° 12/ E 168.0 | 162.0 | 9.0 9.3 258 | 20.1 |WSW | 5 A\ 4 2.0 901303220400 30
2013.03.22 | 34° 48’ N NAV-HBD-
04:30(KST) | 129° 10 E 204.7 | 205.0 | 10.1 | 104 | 257 | 16.2 |WSW | 4 W 3 1.0 901303220430 30
2013.03.22 | 34° 45’ N NAV-HBD-
05:00KST) | 129° 06" E 21951 221.0 | 100 | 106 | 254 | 13.0 |WSW | 4 W 3 1.0 901303220500 30
2013.03.22 | 34° 44’ N NAV-HBD-
05:30KST) | 129° 07/ E 039.0 | 040.0 | 11.3 | 10.8 | 254 9.3 |WSW | 3 W 3 0.6 901303220530 30
2013.03.22 | 34° 48’ N NAV-HBD-
06:00KST) | 129° 11/ E 034.2 1 036.0 | 11.9 | 106 | 237 | 134 | WSW | 4 SW 3 1.0 901303220600 30
2013.03.22 | 34° 54’ N NAV-HBD-
06:30KST) | 129° 12 E 016.0 | 018.0 | 11.6 | 10.8 | 245 | 15.6 | WSW | 4 SW 3 1.0 901303220630 30
2013.03.22 | 34° 59’ N NAV-HBD-
07:00KST) | 129° 15/ E 028.5| 030.0 | 14.1 | 12.8 | 257 | 14.7 | WSW | 4 SW 3 1.0 901303220700 30
2013.03.22 | 35° 03’ N NAV-HBD-
07:30KST) | 129° 14’ E 299.3 | 3120 | 8.3 81 | 238 | 204 |WSW | 5 SW 4 2.0 901303220730 30
2013.03.22 | 34° 05’ N NAV-HBD- Coast of Busan
08:00(KST) | 129° 08 E 269.0 | 277.0 | 105 | 109 | 269 | 175 | W 5 SW 4 2.0 901303220800 30 Port
2013.03.22 | 35° 04’ N NAV-HBD- Arr. KMOU
08:30(KST) | 129° 05’ E 022.8 B 11 0.9 226 | 146 | SW 4 SW 3 10 201303220830 30 Pier

= 11-6




[F= 1-3) A84dd 23 28 "oy : A 3z Ad A3 (F2 ~ B4b g8 %, 2014. 3. 19 ~ 20
Ship Heading | Ship Speed Wind(True) Wave(Sea State) Save
Da.te & Position . . . Wave . S Time Remark
Time HDG | COG | SOG | STW | Dir. |Force D1.r. B.F. D1.r. Sea Fieiai File Name (Min)
(Deg.) | (Deg.)| (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale HYAm)
5210%(0135% 1;2: gg 3098 - | 00 - | 126 | 84 | SE| 3 | SE | 3 | 06 218]&\(;;1{5%0 30
5213%835}3 12‘(15 g Y098 - |00 | - |62 78 SE 3 SE | 3 | 06 Zgﬁ\é;ﬁ%o 30
fgl()%?ﬁs%% 6. o N 388 2190| 05 | 05 | 165 86 |SSE | 3 | SE | 3 | 06 zgﬁgéﬁg(‘)o 30 | Dep. Mokpo
5213%&35% e N 20982060 91 | 100 | 300 | 42 (WNW| 2 | NW | 2 | 03 | REBDL g
fglo‘gfés}g 1?2"(_13 1 N 2472100 123 | 121 30 | 61 NNW | 2 | NW | 2 | 03 Zgﬁgéﬁg(’)o 30
5213%8(351% é‘é ig N 1753|1750 | 151 | 138 | 310 | 02 | NW | 2 | NW | 2 | 03 zgﬁgéﬁgéo 30
fglo‘g(ogsg oy N 2045|2040 | 157 | 149 | 278 | 42 | W | 20 NW | 2 | 03 | OREEDS g
5213%8?5% 13‘(_13 o N 1845 1860 181 | 154 | 305 | 41 NW | 2 | NW | 2 | 03 21(;%\(;;1{;2;,0 30
fglo‘g?ésl% 132 1, %0970 0980 | 180 | 140 | 112 203 |ESE 5 | E | 4 | 20 zgﬁgéﬁg(‘)o 30
fgg%ggslﬁ) oo 14421420 168 | 149 | 085 | 193 | B | 5 | E | 4 | 20 | OVIR0L g
fglo‘ggfslg 15;(15 gg N 13371330 168 | 151 091 160 E 4 E | 3 | L0 Zlgﬁ\é;fgig(')o 30
5813%8251% 122 %i N o852 0880 132 | 119 | 082 221 E | 6 E | 4 | 30 2181@5;1{5250 30

RE1]-7




Ship Heading

Ship Speed

Wind(True)

Wave(Sea State)

Da.te & Position Wave . SAE "T“iar\r/g Remark
Time HDG | COG | SOG | STW | Dir. |Force Di.r. B.F. Di.r. Sea Height File Name (Min)
(Deg.) | (Deg.)| (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale HYAm)
5810%825% o N 08430830 | 99 | 94 0800|224 | E | 6 | E | 4 | 30 |, AP0 g
5813%?%}3 12‘(15 %g 0853|0820 | 108 | 109 | 095 | 201 | E | 5 | E | 4 | 20 21(;]&\(;;1{9]32]())50 30
5?10%825% oy 0862 0840 | 144 | 145 | 084 142 | B | 4 | E | 3 | 10 2?1/1\5;1{9?2?(_)0 30
5?13%825% e g 0870 0860 | 153 | 158 | 087|159 | B |4 | E | 3 | 10 |, ORAPR g
53101835}3 1?2"; ?21;21 089.3 | 090.0 | 153 | 159 | 087 | 204 | E | 5 | E | 4 | 20 218]&\(;;1{9]322(_)0 0 | ARE E3
5313%825#% é‘; o N oro7| 0780 148 | 159 | 086 (146 | E | 4 | E | 3 | 10 2181&\6;1{9]32350 30
5310%(0125% e s O7L8 | 0690 | 11 | 1.7 | 060 | 133 |ENE| 4 | NE | 3 | 10 | UHPY 3
5313%83515 15;; .}39111::] 0732 | 0680 | 107 | 117 | 071 | 128 |ENE| 4 | NE | 3 | 10 Zlgﬁgélfg%géo 30
5810%83510) 13‘; ﬁg 0755 | 0740 | 112 | 118 | 059 | 114 |ENE| 4 | NE | 3 | 10 2181&\6;2{(%%60 30
5813%83528 e N 0765 0760 | 16 | 118 | 062 | 133 ENE| 4 | NE | 3 | 10 | AR g
3?10%82523 15;; 5111::] 0717 | 072.0 | 11.9 | 117 | 040 109 | NE | 3 | NE | 3 | 0. Zlgﬁgégggéo 30 | el B3
55)13%82510) 12‘; gg 0753 | 0760 | 123 | 120 | 032 | 106 |NNE| 3 | NE | 3 | 0.6 2181@5;2{(%?50 30
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Ship Heading | Ship Speed Wind(True) Wave(Sea State) S

Da.te & Position . . . Wave . S Time Remark
Time HDG | COG | SOG | STW | Dir. |Force D1.r. B.F. D1.r. Sea Fieiai File Name (Min)

(Deg.) | (Deg.)| (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale HYAm)
(2)210%825% 1;‘;: %)2 I;:I 069.5| 069.0 | 124 | 119 | 022 | 87 |[NNE| 3 | NE | 3 | 06 25&‘6;;&250 30
3213%8?5?8 12‘; %g 059.8 | 060.0 | 128 | 120 | 020 91 NNE| 3 | NE | 3 | 0.6 21(;]&\(;;2{330250 30
3310%?55?0) 1;"; 2?)1;:1 0297 | 0310 | 127 | 120 | 350 | 99 | N | 3 | N | 3 | 06 2%&?&2(—)0 30
5213%&35% 1;‘;3 529, I;:I 019.8 | 023.0 | 10.6 | 10.0 | 020 | 5.7 | NNE | 2 N 2 | 03 2%‘55;%2;0 30 | == 53
3210%825?8 1?2"; ggg 3590|0070 | 54 | 55 |37 39 | N | 1 | N | 1 | o1 218]&\(;;2{3303(_)0 30
3213%825‘% é‘é ?é?s]g 055.7| - | 10 | 04 | 338 |46 NNW| 2 | N | 2 | 03 2181&\6;2{330%0 30 | Drifting
gglo‘éggsio) ééi ?521;31 0375 - | 03 | 01 | 314 | 39 |[NW | 1 | NW | 1 | 01 ZON]i\(;;ZH(])BODS(_)O 30 | Drifting
3213%835% 15;; ggg 0240 - | 00 | 02 | 327 | 26 NNW| 1 | NW | 1 | 01 218]&\(;;2{3302;,0 30 | Drifting
gglo‘g?ésio) ot Nasle - 01 03 33 39 | NW 1 NW | 101 | AR 50 | Driting
ggléggsio) 1?;;‘; :’;ZI;:I 0032 - | 04 | 02 | 18 | 02 | S 0 - 0 | 00 zgﬁgézH(])B()%:_so 30 | Drifting
3210%825?; 13;;2 ggg 00L3| - | 04 | 01 002 | 00 | N | 0 - 0 | 00 21(;131\(2512{(])3()2(_)0 30 | Drifting
5213%8%%0) 12‘; g‘ig 0797 | 0780 | 124 | 124 | 231 20 | SW | 1 | s | 1 | 01 2181@(2;2{(%250 30
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Ship Heading | Ship Speed Wind(True) Wave(Sea State) S
ave
it Position SN Time Remark
Time HDG | COG | SOG | STW | Dir. |Force| Dir. | BF. | Dir. | Sea X’e ?V}ft File Name | 0
(Deg.) | (Deg.) | (Kts) | (Kts) |(Deg.)| (Kts) |(Point)|Scale | (Point) | Scale Hl/s%y ™
2014.03.20 | 34° 39’ N NAV-HBD- Te =g
08:00(KST) | 128° 38’ E 059.5 1 059.0 | 12.2 | 12.0 | 169 13 S 1 S 1 0.1 901403200800 30 ez 53
2014.03.20 | 34° 42’ N NAV-HBD- Hale =
08:30(KST) | 128° 43/ E 050.2 | 050.0 | 11.9 | 122 | 061 | 1.3 | ENE | 1 NW 1 0.1 901403200830 30 Bdx B3
2014.03.20 | 34° 46’ N NAV-HBD-
09:00KST) | 128° 50/ E 050.3 | 050.0 | 146 | 153 | 356 | 4.7 N 2 N 2 0.3 901403200900 30
2014.03.20 | 34° 51’ N NAV-HBD-
09:30KST) | 128° 57/ E 055.5 | 054.0 | 149 | 151 | 332 9.8 |NNW | 3 N 3 0.6 901403200930 30
2014.03.20 | 34° 56’ N NAV-HBD-
2o %
10:00(KST) | 129° 03’ E 043.7 | 044.0 | 15.1 | 152 | 335 | 57 |NNW | 2 N 2 0.3 901403201000 30 2T 23
2014.03.20 | 35° 01’ N NAV-HBD-
10:30(KST) | 129° 08’ E 020.8 | 025.0 | 12.3 | 123 | 277 | 55 W 2 NW 2 0.3 901403201030 30
2014.03.20 | 35° 05" N NAV-HBD- HALS =
}&; B}a
11:00KST) | 129° 067 E 299.7 | 305.0 | 7.8 79 317 | 4.1 | NW 2 NW 2 0.3 901403201100 30 Fokgk et
2014.03.20 | 35° 04’ N NAV-HBD- Arr. KMOU
11:30(KST) | 129° 05" E 032.0 B 00 02 002 29 N 1 NW 1 01 201403201130 30 Pier
30
30
30
30
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[F= 1-4)] A48 23 A5 doly : Al 43 AH A3 (R3] ~ $4b s 73, 2014. 4. 3
Ship Heading | Ship Speed Wind(True) Wave(Sea State) Save
Da.te & Position . . . Wave . S Time Remark
Time HDG | COG | SOG | STW | Dir. |Force D1.r. B.F. D1.r. Sea Fieiai File Name (Min)
(Deg.) | (Deg.)| (Kts) | (Kts) |(Deg.)| (Kts) |(Point)| Scale | (Point) | Scale HYAm)
2006, | 128 357 B 07| < | 11|18 | 28115 SV 1N 100 yphnny 30| et
1230ks) | 128 36/ B 1985 < | 10| - |10 N 1N 100 yphn | @
fglo%?és(% e N 0612 0600 | 109 | 103 | 283 | 05 |WNW| 0 | N | 0 | 00 2?1/1\51101{?],312(_)0 30 | Dep.Jinhae-man
5313%835% 1;2 %E 122.0 | 1220 | 11.1 | 109 | 161 | 9.2 | SSE | 3 S 3 ] 06 25&%;?;250 30
fglotgés(r)r?; 1?2’2 221;21 090.7 | 089.0 | 130 | 122 | 151 | 100 | SSE | 3 | S | 3 | 06 Zgﬁ\&gﬁ(’)o 30
5213%835% 132 ‘Zglg 0905 | 087.0 | 131 | 121 | 175 | 91 | S | 3 | S | 3 | 06 zgﬁ\&gﬁéo 30
fglo‘é(oés(g 1;2 %21;11 065.3 | 063.0 | 13.7 | 128 | 199 | 7.3 | SSW | 3 S 3 | 06 zgﬁ\&oHiDS(_)o 30
fglg‘g?és(g 132 (igl;:] 359 | 2 | 126 121|210 | 82 |SSW| 4 | NE | 3 | 10 Zlgﬁ\é;g?igéo 30
%?ﬁéﬁ 132 (())EE)SII;I 2937 | 289.0 | 115 | 115 | 070 | 149 |ENE | 4 | NE | 3 | 10 zgﬁ‘&g;%o 30 ggfft of Busan
fglsf)?és(?) 1:;‘3 gﬁg 0002 - | 11 |08 | o082 135 E | 4 | NE | 3 | 10 zgﬁgioH?igéo 30 ?irerr' KMOU
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(FAF ~ A=) s 3%, 2013. 3. 18 ~ 19
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G AR A 12 4

1 A9 (FAak ~ A5 el 7#1F, 20138, 3. 18 ~ 19

Evaluation Diagram of Navigation Safety /| &sjetxd A H 7} [ 12 AAAF

Dr?;:;e& 2013.03.18. 17:00(KST) 2013.03.18. 17:30(KST) 2013.03.18. 18:00(KST)
Ewvaluation Diagram of Navigational Safety Evaluation Diagram of Navigational Safety Evaluation Diagram of Mavigational Safety
HEAD HEIAD HEIAD
SPI
FOLLGW FOLLOW Foriaw
Date & . . .
Time 2013.03.18. 18:30(KST) 2013.03.18. 19:00(KST) 2013.03.18. 19:30(KST)
Evaluation Diagram of Navigational Safety Ewaluation Diagram of Navigational Safety Ewaluation Diagram of Navigational Safety
HEIAD HE:AD HEIAD
EI‘D il.U
SPI

n=2-1




Evaluation Diagram of Navigation Safety /| &sjetxd A H 7} [ 12 AAAF

D?;;e& 2013.03.18. 20:00(KST) 2013.03.18. 20:30(KST) 2013.03.18. 21:00(KST)
Evaluation Diagram of Navigational Safety Evaluation Diagram of Navigational Safety Evaluation Diagram of Navigational Safety
HEIAD HEIAD HEIAD
o
SPI Sthd
FOLLOW FOLLOW FOLILOW
Date & . . .
Time 2013.03.18. 21:30(KST) 2013.03.18. 22:00(KST) 2013.03.18. 22:30(KST)
Evaluation Diagram of Navigational Safety Evaluation Diagram of Navigational Safety Evaluation Diagram of Navigational Safety
HEIAD HE:AD HE:AD
SPI Sthd Stbd
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Evaluation Diagram of Navigation Safety /| &sjetxd A H 7} [ 12 AAAF

D,?;:;e& 2013.03.18. 23:00(KST) 2013.03.18. 23:30(KST) 2013.03.19. 00:00(KST)
Ewaluation Diagram of Navigational Safety Evaluation Diagram of Navigational Safety Ewaluation Diagram of Navigational Safety
HEAD HEAD HEAD
31.0
SPI
FOLLOW FOLLOW FOLLOW
Date & . . .
Time 2013.03.19. 00:30(KST) 2013.03.19. 01:00(KST) 2013.03.19. 01:30(KST)
Evaluation Diagram of Navigational Safety Evaluation Diagram of Navigational Safety Ewvaluation Diagram of Navigational Safety
HEAD HEAD HEIAD
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