Development of A Hull Motion Measurement System

for Evaluating the Seakeeping Performance of a ship
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Development of A Hull Motion Measurement System

for Evaluating the Seakeeping Performance of a Ship

Dae—Hae Kim

Department of Ship Operation System Engineering,

Graduate School of Korea Maritime University

ABSTRACT

In order to evaluate the seakeeping performance at sea and the safety of
mooring on berthing, it iS necessary that the ship dynamic motion induced
wave and wind should be measured in real time domain for the validity of
theoretical evaluation method such as seakeeping performance and safety of
mooring.

The seakeeping performance can be evaluated by measuring only hull
vertical acceleration of a ship.

The seakeeping performance can be defined as the ability of a ship
to go to sea, and to accomplish its missions successfully and safely
even in adverse environmental conditions.

In this paper, the basic design of sensors is discussed and the
system configurations were shown. The developed system consists of

4 kinds of sensors, 1.e. three dimensional accelerometer, two

_Vi_



dimensional tilt sensor, two displacement sensors and azimuth sensor.

Using this Hull Motion Measuring System (HMMS), it can be obtained
the 6 degrees of freedom of ship dynamic motions at sea and on
berthing such as rolling, pitching, yawing, swaying, heaving and surging
under the certain external forces.

The Hull Motion Measuring System 1s useful to evaluate the
seakeeping performance and the safety of mooring of a ship. The
results are applied to develop the optimum ship route system and next

generation voyage data recorder.
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Table 1.1 Solutions for the safety of navigation

.. Type of Nautical
Objective \ .
Information Equipment
Reducing the o ) Radar (ARPA)
) o Traffic situation
risk of collision AIS
. GPS
Reducing the
Sheltered waters ECDIS

risk of grounding Ech d
cho sounder

Reducing the . Weather routing
) Weather condition and .
risk of heavy ] o Ballasting system
operational limits ) o
weather damage Automatic Operation System
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Fig. 2.1 Serial combination of factors for evaluating seakeeping performance

() A% g A5

A% gh B5e) @A 2E AY Aol o8 AdE 40F T4
9 e mew A4 FHAEP)Y fE AW IALAGES

2x1072 o]t}
(2) =248 ol

=
W, Tede 544 E39 FA% WEt dojyth webd Zzae o)y

o] FAAE Ars FFAY AU FH des nyshA o2 dEHelM 2=



3) €494
AW dAA= S.S.8%elAMe HA == FAlC, I =<
Ao mhde| gt At £%7F 4] &% (threshold velocity) & %3}

= SARAZ o 7] A 0.09V gL = A&} AL

sk
=

12

u)
3
A

F

R

7]

N

AT =
=

_I

Al AA] FokH Weather Side?] Bulwark

SHA A2 St S5l A Bulwark Top7Z7hA|

(5) F.P.9] A3} 71& %
AA F.P.olA Zgskes
18} Zolo] mg 7H&5E2)

A
A= |

AT

s £ okat

L

g8k 7+ Aertssen©o] A7 wHACA A
FAAE o)gart. @ALAEES 1077 ot}

AT
— -

(6) S.S.8%9 9 7}
Fgallatis AutoA 2
Ays vgo R, 3t
0.6g= #-&sith



g5l AAEE

2.2

CEC L

HA At

ol

1o},

o

171 Qa4 2 Strip o]&o] @¢ A}g¥ 1

3

= 99

atar, A

o 7Hd

2=

9 <4 (Strip) &

Strip o]&2 AAE 23
Mol Stripo = ol 24zFe] Stripell 2t

=0

)

P,
file)

ol

|

2 A

24 3xHd<

ol

Fig. 2.29} #t}.

" .
28

T
B

N
Mo
1Ho

F450)

Oy —X¢Yo2g

O —xyz

G—xy17,

£

T VEA

qr

of thsl] X ZEE o] FojX] = AAAS



WAVE
—

Zo Z. 7v

A Zo
> Z, Zn >
w
Y
Yo
@]
G WAVE
‘7
-
Oo Yo

Fig. 2.2 Coordinate system

_9_



(1) 443 F712 54 % 3al(wave elevation) & +E= HF

wolu 1 =X = Rayleigh + X5 w&t}

(2) EqtHs ko] 92 A2 & I47 sus 71zl of
& 39l =3 (superposition) ©] t}.

4719 Fhg el AFoke BAFHA L 5 2= AT 4 Ank o
2491 dldvh AHEYE T F WE ok RE g AE o),
wHOR W7t BEHT Yk o/l SA AT € (SSC) el

91 7] O
ALt ZAuy sty AdlEdel JEF P—M (Pierson—Moskowitz) & A3
S(w)

sleba b thes .

_ 1, > 1 (22 0) Pexpl— 044 (=2 - o)1 _
S(w) o 0.11 (H,3)* T, ( na)) exp{ 0.44(27[ o) ' (2-1)

Hyy o Fo9tka

o @ 39 AF34(circular frequency)

S AA el THEA R EHe 9 A EYS] B e dEiM e

shel it A Wel ol —x/2~x/2 9 WLl E BB ske] il

_‘|O_
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A7, QX)) = exp{_%( Xi)Z]

0,

T Adny A AR A F7HA] Eres U 2ol vEkd gl

1
= 2—16
Ez V—2mIn(1—Py.) ( )
7],
7
P, = .H P,
Tc l=]. ic (2_17)
X 2
P,.,=1—exp —%( o.l ] = 1= Qx,
Pp UYWA= AR &5
Q 7t Q40 SHARAEE (Rayleigh 32

e Ak A AE dA Y W se ks flaid= A 2-169
B7HA( Ere )& 2 2-149 Wk 7 (FE7 )9 HlE W3S F7HAE p

r % Aoleba, The v gol uehit
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ady ZEAy gol Ay Ast 7t&EEe sAWMAEEe] 7t Qpe =
107", Qave = 107° 0|22, a,,,=1/V3E H& golth wahs 2 2-21L&
ok o] 7has] Yehd 4 9tk

1

Pi=1— QX4 °

Hav

4)2
(2-22)

2.8 FA AlEHIA

2 AFelA FR Al ARgEE MHS L =93mC] oAAFA HFA
‘HANNARA'ZA 7 FL2%5E Table 2.2°] Yela ok e
WMO<®] CODE 1100 o] g3stiom, foatal 4l 3t 9t57]+= Table 2
o vrepRWTt.

Table 3.1 Beaufort scale number and wave characteristics (WMO CODE 1100)

Beaufort Mean Wave Significant Wave Wind Speed
No. Period T, (sec) Height HY% (m) (kts)
1 1.2 0.1 1 ~ 4
2 1.7 0.2 4 ~ 7
3 3.0 0.6 7 ~ 11
4 3.9 1.0 11 ~ 17
5 5.5 2.0 17 ~ 22
6 6.7 3.0 22 ~ 28
7 7.7 4.0 28 ~ 34
8 9.1 5.5 34 ~ 41
9 10.2 7.0 41 ~ 48
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Lines and sheer profile of T/S HANNARA

Table 2.2 Principal particulars of T/S HANNARA

ITEMS DIMENSION

Length P.P. Lpp (m) 93
Breadth B (m) 14.5
Depth o weP 7
Mean Draft dm (m) 5.115
Displacement Volume (m®) 4,274.82
Block Coefficient Ch 0.6028
Length—Breadth Ratio L/B 6.414
Breadth—Draft Ratio B/D 2.835
Height of C.G. KG (m) 5.033
Metacentric Height GM (m) 1.355
Rolling Period TR (sec) 13.142
Propeller Diameter DP (m) 3.55
Propeller Pitch Ratio P 0.751
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2.8.1 A AArte] H7HH

A ‘HANNARA' © £3824L g sto] A4 3%

P
B350 =HYE 4 Aush AHAEE Ba) A Aeh AEE e ol
of

Fig. 2.3, 2.4 2] 2-22%5 2] 2—-15° tidste] AAatst o durl 245
A 'HANNARA® of thst WaASAE(pr) 8t WFAEs H7leie Q=
(£ vlaste] vepd Zojth, T oA X&Fe Muta} o] ghdzh () o2,
1 =180 A4 AFa, =902 FF3, x=0"2 Av] F3& Yehda, Y

Fig. 2.3, 2.4 R, At F A= st 7H&5w7), dakeh dn F
o B E He stErt A 98 Qo g & 4 9l
vkl ol & e el dAIgle] WA e AR o AF =T AL
WSS FAT S gk ojggt AHES e A&T W HCAE 2

AL
A% vhehdvks AHIS BT 5 gt

iy

ol s Aested HasAl AL ¢ AES HE

9
ol Ao 47 MEESS BHY 5 LS sk 123 A 9



247k o] HIIEE o] gate] thg AR 3 WIS A otk
of, th& H=E AAe] AYFS vl T Uk IF-elA x=180"% AF 4
Fub, ¢ =90 P9, x=0"c Av F3E yepdo. 283 wESs g
=1.0& W sARL A AFAE vehda, 4 F=2E WA xE
300 WRlE wAEY O F WA AR SAAR] pr=1.09 HAE %
Wehs Ao 1 Ak gk "t

4 97 ke A9 WBASAR(uD)E W
wato] e Zolr. AHAe Afsel AAH grgo] o] Mo w

Wz 7 =180°~120°04 AQA FEE wess A WPYSALA 3

Fig. 2.7, Fig. 2.8 %% Fn=0.2 Fn=0.275% dsl= AH549 Yy
SAXE(pr)E AQAH 5SS FHelA Atsto] Y AdEEE A
o UErd Hrizoltt

a2 Al 6ol4, Fn=0.2, Fn=0.275 2549 WA sAE7 F3H 9 3

ol 1ell AEstar olojAl o Faivh @ EARE, 1 gke] whdZbelA =
st Zlow HIubHETh Y AdH 7oA @l AFH 60l Blete] AntAow
WA A %7F A3, 53] Fn=0.2¢14+% x=100°~50°, Fn=0.275°4&
2 =120°~50° oA 1& Zzste] f1gst ezt dAok a2 dE 8elAe
Fn=0.2, Fn=0.275 1 919 ®SI7F = o], Fn=0.2°14+= »x=180°~50",
Fn=0.275°14+= x =180°~45%14 WddsAE7F 15 Zdsto] s &
g7} gk Al el 99 o]2W Fn=0.2, Fn=0.275 % whdztoq 933t
Aoz B7rech

p

_25_



Sea State 8 Fn=0.2(11.7kts) in still water -0~ Deck Wetness
--X-- Propeller Racing
-- - Slamming

2.0 -~ Rolling
--/\---Vertical Acceleration
---p--- Lateral Acceleration
—e— SPI
1.5
1]
1]
0]
@
> 1.0
e
)
)]
c
]
[a)
0.5 4 m] O
NI Qe O
AN
0.0 T T T T T T T
180 150 120 90 60 30 0

Encounter Angle (degree)

Fig. 2.3 Seakeeping performance index of '"T/S HANNARA'
(Sea State 8, Fn=0.2)
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Sea State 8 Fn=0.275(16.1kts) in still water

-0 Deck Wetness
--X-- Propeller Racing
-- - Slamming

2.0 --O-- Rolling
--/\---Vertical Acceleration
R ---p--- Lateral Acceleration
—— SPI
. \
1.5+ Dol x\. °
Ol O W\ D\
I I S - O O~ L5 e
8 - > eyl ‘>O<‘;\ “av
) R 3 DU NS
S 1.0 S—— T > B
= e~ N B B} S S
o [ O N N\ s Nl S Tteee
> | > W - S
< >
[a) g 8‘,_‘\._ _______ A\
0.5 B e T L O
\._\‘ O o
J N
0.0 T T T T T T T
180 150 120 90 60 30 0

Encounter Angle (degree)

Fig. 2.4 Seakeeping performance index of 'T/S HANNARA'

(Sea State 8, Fn=0.275)
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Sea State 8 —e— Considering Speed loss
Fn=0.2 (11.7kts) == Mot Considering Speed loss

150

180

Head Sea ' Following Sea

Fig. 2.5 Comparison of SPI safety of 'T/S HANNARA'

considering and not considered speed loss (Sea State 8, Fn=0.2)
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Sea State 8 —e— Considering Speed loss
Fn=0.275 (16.1kts) —&— Mot Considering Speed loss

180 ¥ o 0

Head Sea Following Sea

Fig. 2.6 Comparison of SPI safety of '"T/S HANNARA'

considering and not considered speed loss (Sea State 8, Fn=0.275)
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Fn=0.2 (11.7kts) in still water —e— Sea State 6
i dari —i—Teg State 7
Considering Speed Loss —v— Sed State

90 —o—Seg State 9

150

180
Head Sea Following Sea

Fig. 2.7 Evaluation diagram of SPI of '"T/S HANNARA' (Fn=0.2)
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Fn=0.275 (16.1kts) in still water —e—Sea State 6

_ _ —i— ey State 7
Considering Speed Loss —v—Soa State 8

90 —o—Sea State 9

150

180
Head Sea Following Sea

Fig. 2.8 Evaluation diagram of SPI of 'T/S HANNARA' (Fn=0.275)

_31_
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3.1 AAEFTASALER N

AL EAZA LR E el 5 vkl FAlste] e, v, 257 ola) LA
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ok Aol e B AT HdAd e FEH R Brrety] flelA = Fig. 313 &
o] AHA YL BHY F Gt A A Ax, Fa mE g Bl Ay
o] Aefell #E vl wloJEHlo] A AJAEL Teja 9] e WAgsk= AlA|
$ES ASete £F Boh A L] RFefAok Bt
AAEFASA AL Fig. 3.1 *% B7F AlxHl] s
RS SN
(External Force) v ey
— 2]= BA xAHE
‘ it/ A S
=H/ES AE
2R AE
AHl DR }\léﬂl
Ir _________________________________________________________________ A
| o= HJ| A AE :
i A 62be 22 |
: — ‘ 3__:',:_ 7]._«_‘|al.—l__ j;ﬂ% !
. ol 5] H = :
| M &5 s
E {Ship motion) i

Fig. 3.1 Total safety evaluation system
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of g I/W ZA= W8 F7F £ AF A Bkl o182 & A=
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Fig. 3.2 Configuration of measurement system



Power Unit
(H& 22 X))

Y

Measuring Sensors

= HA)
v \ 4 v Y
3-D 2-D Tilt Displacement Azimuth
Accelerometer SNensors Sensors Sensors
(PS5 H) (Z AHAH) (<A (2 =IHD
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[ DAQ (AD Convertor) J

Computer

(S/W)

Fig. 3.3 Internal flow charts of hardware system
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Fig. 3.48} & g W& A4 64 % <% (Rolling, Pitching, Yawing,

Surging, Swaying, Heaving) ¥ W& 5o &85+ 7IEEE AF6H7] 3

Ip
kit
L
Do
=
1o
E
do
Xl
N
e
o,

AAREASA A el o] g8 MM = 35 7F

A7 2k gl A ol e

-

Fig. 3.4 Definition of 6—deéree of freedom in right hand system
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3.2.1 3% 7}%4% 74 (3—-Dimensional Accelerometer)

3% VMEEAE AR Auste 35S Al S48k AN EA, H9-3Ee
N2 EXF), AFYEge NRHYF), 123 Ashede FH5CZH S o
g} Aduto] ofW 7p&E®R FAol=AE FAH%rt. 35 /HSEA(SW3) & £3g
o AF HYE A, dF™LS DC 5V, 12mAolH, FEAPL 25VE
o7 +2vVe Weg FHr) Fig. 3.58 Table 3.191 SW3 3% 7145 %

Aol 918 wgvh Ak YeRglT

1o

Fig. 3.5 3—Dimensional accelerometer
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Table 3.1 3—Dimensional accelerometer specification

Item

Specification

Model Name

SW3

Material

nickel—plated brass

Weight excluding sensors

78 gramms

Weight including sensors

approx. 145 gramms

Electrical connection

cable or single wires

Manufacture SEIKA
Range PG
Sensitivity 1 V/g
Bandwidth 125 Hz

Performance
Noise 1.5 mg
Noise density 130 pg/ v Hz
Zero g—output 2.5 £ 0.15 mV
Temperature Ranger -40° ~ +85° C
Temperature + 3.5 % FS

) Sensitivity

Environmental
Shock 2000 g
Input Voltage 5 Vdc

_37_




3.2.2. 2% ZAAA (2—Dimensional Tilt Sensor)

2% M= M= Huskes 258 §Ald S8k BAF AMEA,

2

o]
78] 4AHRolling) ok Al AAF(Pitching) 7F A7I=AE 573
otk 2% AAAI(SB2D = £90° o AS WHAE 7HAHM, d¥dygS DC
24V(+10V~+30V), 12mA°l™, ZZA 3+t 4mA~20mA(12mA Zero
point) & W2 EHr} Fig. 3.63 Table 3.2 2% ZAAAL &8 EH52
AeAtEE e SITE

e

Fig. 3.6 2—Dimensional tilt sensor
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Table 3.2 2-Dimensional tilt sensor specification

Item

Specification

Model

SB2I

Terminals

6 x 1.5 mr

Cable fixing

M12 x 1.5 cable gland, clamping
range 6mm~"7.5mm

Measuring range £ 100° / sec
Measuring Resolution, etc. 0.014 / sec
Scale Factor 20 mV

Band width 100 Hz

Turn on Time 1 sec

Degree of protection P65

Mounting orientation any

Measuring planes (N.. sensors)

3 main housing planes

Measuring directions (B.., BD.. sensors)

In X,Y,Z coordinate of housing

Terminal voltage 10V~30V

Minimum loop currents 2.0mA~3.5mA

Maximum loop currents 22mA ~26mA
4mA ~20mA

Output signal loop current

(12mA for zero position)

Adjustable variables

zero point (12mA), amplification

Maximum load resistances

500 Ohm (at 24 Volt supply voltage)

Low pass filter

Active, 3rd order, minimal ripple

Operating temperature

—-40° C~+85" C

Manufacture

SEIKA
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3.2.3 ¥ YA (Displacement Sensor)

600~ 6000mm

L —
R

o] W9 (Surge) & F43tt. WA

&

9 (Sway) ¢ 57

o A%

=1
T

&

=93

2 DC 24V (+20V~+30V)o]aL,

A<l

RN

A

’

°F 380gelar

|
.

300mA= =¥ FA

Jo

_LAe] 9

o VRTU 430

50mAo]t}. Fig. 3.7¢} Table 3.3

Fig. 3.7 Displacement sensor
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Table 3.3 Displacement sensor specification

Item

Specification

Operating range

600~6000 mm

Ultrasonic frequency 80 kHz
Ultrasonic | Opening angle 6°
Spec. Resolution > lmm
Reproducibility £ 9mm
Switching hysteresis 60mm
Switching frequency 1 Hz
Timing Response time 400ms
Delay before start—up 280ms
Operating voltage Ug 20~30 V DC
Residual ripple £10% of Up
Electrical Bias current < 50mA (without load)
data Switching output 2 PNP transistor
Output current 300mA
Switching range adjustment | potentiometer 270°
Housing metal / CuZn
Mechanical ]
data Weight 380¢g
Connection type M 12 connector, plastic, 5—pin
Ambient temp. ~25C~+70T / —40C~+85T
(operation/storage)
Environmental| Standards applied IEC 60947—-5-2
data Protection class IP 65
Fitting position any

Manufacture

Leuze electronic
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3.2.4 W94 (Azimuth Sensor)

WAAE B9 WstE ASste B9 5H AMRA, Fesd Adud
Headings ZA53to] A% 2 (Yawing) = =743t} (Gyro Compass7F &2
H A2 Gyro A3 gs AHEE & 9dth WA= 00 ~360° & A= S
= 7HAH, ¥ DC 24V(+10V~+32V) 130mA°la, &8 Ai&
RS-232 Serial 341°% NMEA 0183< sttt FA= oF 270gela, W
AAY &8 &5 W= —10C~+55TolA AAH
Fig. 3.83 Table 3.4 o WoIAle] 98 B3 deitds HeERRSiH.

o
o
)
o
T
o
=)
k=
¥0
5

Fig. 3.8 Azimuth sensor
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Table 3.4 Azimuth sensor specification

Item

Specification

Operating voltage range

10 V to 32 V DC

Power consumption

130 mA (max)

Operating Conditions

estemperature range : —10° C to 55° C
erclative humidity limit : 80%
ewater protection :

drip resistant when mounted vertically

Storage Conditions

etemperature range : —5° C to 60° C

erclative humidity limit : 75%

Dimensions width 74 mm , height 74 mm, depth 39 mm
Weight 0.27 kg
eSecaTalk epower
Inputs : .
eservice port (NMEA 0183 v2.3 in)
eNMEA 0183 v2.3 out: Heading (HDM) 10 Hz
at 0.1° resolution, accurate to £2°
NMEA Heading sentence: HDM,
Outputs

eSeaTalk (2Hz, including Heading at 0.5°
resolution, accurate to *=2° )
eAnalogue Rate: 22 mV/® /sec

Heading error correction

ecompensates for 1st and 2nd harmonic deviation
errors

ecliminates northerly turning error

_43_




A 4 AAZFASAEHY T4

4.1 AAEF ASHH Al LE

T AAEE TSR ASEA A" R el Atd 374 1A E T
% Al (Accelerometer), 2% ZAAHAI(Tilt Sensor), 2712 WHA
(Displacement Sensor) 2} WA (Azimuth Sensor) & ©]-g3sle], Ex3t
Ao 624HTE ol A= AAL H¢ JHEE(Sway), ¥t 7SR
(Heave) % AZ 7}4&% (Surge) 9F £% 2 (Rolling), 3% 2 (Pitching), A<

T2 Yawing)= At olE EANS F= AR A5 AlA¥(Data

rz

Acquisition System) ]t}
AZIA A FHSIFEEE XS, AF7EES Y5, SRS Z50=
st ASe, AAl 7SR @ W W S AFHE T8 oA A

2] 3ot

AALELEASA A 7| EA S Flow Chart® Fig. 4.1 #on, A= %

A5 AA G dE Fig. 4.2¢] AA g}
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Fig. 4.1 Flow chart in measurement & analysis system
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Fig. 4.2 Hull motion measurement system
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4.2 AAETASA LAY = 74

4.2.1 A3 g A=}t

AAEE ASF A2 AC 85~264Ve] Aol Fwd o, dd 2947}
ol Alol, AN 9 FF FAL § DC £24V 9 DC £5VE WA

=

oh wgkE Agte] BAUE Fal 2 MM A9e FEHch of w, AA
&A900] i BASE XF @), YEEF) @ 25 ) G ER(H]
A9l Analog AE)3 FEL) FELE ASeE 25 AAS 532, W9

A} FYAQ obd= 1 dHolgE AD ¥3t7] (Analog—Digital Converter) &
&3l AFE A 124 75k Digital Al #HE=E HIAA AE AsE B2y
T AHAFEE o] Aas wot ASEHE MHEETS d2 At dHoly
E 7 A AY@y. & A5 ZAY U5 &AEE Fig. 4.39 Fig. 4.4°]
A A gt
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AD Converter
Amp
(accelerometer)
3-D
Accelerometer
Azimuth
. Sensor
2-D Tilt
Sensor

Power
Unit

Serial Converter

MNwN !

Fig. 4.3 Hardware system of measuring device

Fig. 4.4 Real model of hardware system
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4.2.2 7Y% XA (Accelerometer)
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Fig. 4.5 Accelerometer principle
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oAZleld  HAEA ufdlsTFE w, GAFAATE G, FHHE

5 (/v )?
VO = (w/w, PP+ (w/w, )

2¢ (w/w, )
1= (w/w,)?

¢ = tan "

4.2.2.2 3% 7}%4 %A (8—Dimension Accelerometer)

AARE 7tEE A5 ALRC ARE 7k A= Al e hEE
ANE dAse] 7K S XS, AF7HEES Y5, dtEEs Z

Fo= dol A%t

e
3

7V S A= vbedE (Base) o] diste] =411 HEke] XFo tiste] s 1
Al B FHeke] v 7P wv 2eiv AAEE 7HESEA viddel 3
335 sk zlEo] fEiA T okt AL E s 1 glon 1 AV|E F

& A= 4% oldleltt webA JHEEAE 34 WEY F FEFHe] X
2ol Vg Fh
7 oAl g W2 Fig. 4.70) vEbd wkel go] Fekstal o]
= Edel WS ARgste] wAsks Zlojth o A% ¥R Fgs of
o]

31kHz=ZX o] ¢+As] Hebsla wjizst 3loA wAs A o

b
Bl
X
L
> i
rl
M
o

ut= 32kHze A9 2t}
Fig. 4.6 3% 7F&EEA19 98 X401, Fig. 4.7 7S AE AAE

AZA 289 shesojol] A2ke Apzlol,

off
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l |
Cable = 5 |
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- I :1 O
3|5 ® |
serial number Sensor ?
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[ i i
Threaded holes
M4X6 ~—1 | S = @
f &y &
a &Y
L v
27
— — i
= 37 pud

Fig. 4.6 Dimensions of 3—dimensional accelerometer [Seika SW3]

Fig. 4.7 Installation of 3—dimensional accelerometer
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4.2.3 2% ZA}A (2—Dimension Tilt Sensor)

AAE + 352 (Rolling) & F% 2 (Pitching) & A=3H7] Y3 F 719

AAHAIA (Tilt Sensor) & AFESHTE AAMA| = AAME = wzkshs F 5 Ab

Atk 18 a, dA F2E d5 HE5S & 4 9= F Diode Bridge

e

9o AFE Aol 4 A= Noise Voltage Filters X33t} Fig.

82 = tpolojadlol| A 1 75 e HA ARl o AT A

= Zb AlMe 2t Aad 2EVRRE A714 As s Eelste] AAS 5 Sl
Fig. 4.9 2% ZAAMAS] U<} 9|8 X olil, Fig. 4.102 AAHAE A

TEASAAEY st=do]of Gt Abxzlo|t

High quality power-
supply regulator with

Ch 12 current limitation
anne (5V, 50ppm/K)

I Unipolar 4 bis 20mA

| | current-loop with
Active Nominal amplifier max.24mA limitation
low-pass filter with zero-regulator, | | polarity and ESD | P
3rd order L gain regulator and protected @
Hardware- temperatur- 1@ =
programmable compensation L .@ E
@ |
@ |2
High quality power- e =
supply regulator with z
Channel 1 current limitation - .@ =
(5V, 50ppm/K) S
T Unipolar 4 bis 20mA ||
| | current-loop with
Active Neminal amplifier m*”}x-zdmAJ'E“St%“On
low-pass filter with zero-regulatoer, | | polarity an
3rd order H gain regulator and protected
Hardware- temperatur-
programmable compensation -

Fig. 4.8 Block Diagram of 2—dimensional tilt sensor (Seika SB2I)

_53_



Excitation pot. Excitation pot.
Channel 1 Zero pot. \ Zero pot. / Channel 2
7~ T T { ~

4..20mA
current loop
channel 2

/)

4...20mA
current loop
channel 1

Measuring channels
are galvanic

86mm separated from

each other and

from the housing

B4mm
36mm

2 mounting screws M4

98mm

Housing hight: 36mm

Fig. 4.9 Dimensions of 2—dimensional tilt sensor [Seika SB2I]

Fig. 4.10 Installation of 2—dimensional tilt sensor
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4.2.4 DAQ Card (Data Acquisition Card)

DAQ 7t=t& 7} AIME Fal A8 ofd®Ea 25 E fxEis®E W
(AD Converting) T A3 5 HAFHZ AFste] ASHE S/WZ 4 715
ES Wgsle Vles 7H Zlo] 5ot Y B DAQ RER 7Y
o]A Mg Zetolw glo] Abgo] 7hEskm, 149 AY (Serial) AL O
PC 42 W82l diolg Alo], AZS & 5 itk

Fig. 4112 DAQ 7t=9] o|F AXHoli, Fig. 4.122> DAQ 7I=& AA
SEASA2E L stEgojo] e Abxio)t)

E%F&a R_E4".3‘:.-5
24Vde 0.3A B T% R&232C
‘ + NULL#A o] &
+ —_—
LN
MM
A4
& Nt RS422MD RS232C
N
OO -
() [ ] @
CEEE P2 5 o
Tl - T | s |
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Fig. 4.11 Arrangement of DAQ card
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Fig. 4.12 Installation of DAQ card
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4.2.5 @A (Terminal Plate)

A (Terminal Plate) &= A9 64FE IS Ao wpe} WAsH=
Vg A A E AFshr] sl F 71719 AAA AT Al HE A

i~
ofN
S

A4 2t DAQ HE Atololli= A4 Al (Seria) & 3L, USB TO RS—232
Convertors &3l PCe= USB W2 A4S AEgste] dAlles A7 o
71719ke] T8-S =l Fig. 4.139F Table 4.1 USB TO RS—232
Convertor [UTS2009]¢] €38 =&53 7]4 Alekolil, Fig. 4.14 9 Fig. 4.15%
GA gk AMEE DA FEASA A s=gojo] 23 Abzlo)t),

Fig. 4.13 USB to RS=232 convertor [UTS2009]

Table 4.1 Function of USB to RS—232 convertor

Support both USB 1.1 & 2.0 interface

Support wake—on—line & power management function
No IRQ, DMA, I/O Address resources required

Dual databuffers for upstream and downstream data flow

RS—232 speed up to 115Kbps

Function

Hot—Swap

Plug & Play
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Fig. 4.14 Installation of terminal plate

Fig. 4.15 Installation of USB to RS—232 convertor
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4.2.6 AQFF3X (Power Supply)

ALdF A dAde] 3 29X E Onstd eJF-ZFEH AL (AC 85V
~264V) & ¢l7pol & ol At #HM(DC 24V, 5V)E WEA7]7] 9je &
zlolth,  Fig. 4.16 2A1d ALF3332e] E5F tholejasolal, Fig. 17
UFeb 918 x4olH, Fig. 4.182 ALFFZAE AATTASZAI AL 8

=dofel et Apxlo]tt.

AC N
B5-244Y
Moize rinusk Rechifier
@ O Fittear Curent Ciroult
Limitter
© DC ouUT
FG [CH2)
I‘!a:ﬂ'iar
o — —0
| Reguiator
.mu.'%?“ - j oc our
umanT & - | Rechfer &5
E Fﬁ,r { Circwit
-am EIFEI.tIJI'EI
: Circuit

Fig. 4.16 Block diagram of power supply [UP30DAE]
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Fig. 4.17 Dimensions of power supply [UP30DAE] Unit=mm
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Fig. 4.18 Installation of power supply
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4.3 AAF A AZE ]

AAsASA Y] AAlF 14 S/Wi RS232 @xdlE 53] PCe
AAdxo] Axo R FHE A4F AA JRES AFsAY wAsth 2 A
SA|A' AAes |4 S/W 58 2732 Visual Basiclz &4 H 3]
om RS232 EAS 9% FAIRE= 2719 HEREEH tolHE JHuts £
AEE FAEATE. w3 AD ConverterZ2%E ¥ dHolEHY AEHE7)
115200 Bps¢ldl ®]aiA 9] AZF = 4800 Bps(NMEA 0183)9 &£E= 4
olElE AFIIEE o] F ALzt doly HMFEE A7t AIAEE] Aol o
S HXA A= HlF7] B RS232 HolH FARE TSI =
ASAI2~E 1708 USB ZEZE PCo QI oA HE=E B gH] e A
Egolo] AlgHo] A & Jut A AS H/WE2HE F49 dolgs 4%
o] o] dHolEHE AZHER o] HoJEE o] &3] MEe Zr2IHE TAT
FE glon, B A|lAHE AQ3t ASE ATE = STt

AAEs WA S/W Z2I8He ¢4 $AFHEA 7Y (CFG File) & AH&-3ho
AAeE 2t AF AAL 2718k AlA e Pz E St a8 %
7137 ¢kmsEE AD AWEE T wgE 7 A5 HAE 28 JHE

A7 24 b AFstAA FAle] R o8 dA
H oHOA W HAX el ASshe gto® WEEo RYE gwite] AlA
A dlolEl2A A A
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Fig. 4.19 Chart

option screen
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Fig. 4.20 File saving and sampling time setting

AATE N 220382 7] 84 A4S T 7 AXE=E A5 A4 &
He 2 A AY & Az Agd 4= Qluh. T3 Fig. 4.19, Fig.
4.203 o] x2AEW Sampling Time, File Save Time % A|@ddE A4
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o] 7bestal, AFE S Tl AS A3 AE AEAS At AFEA}
2}°] GUI(Graphical User Interface)”7} £o]st== 3F3itt.
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Fig. 4.24 Replay function of saved file

Fig. 4.24°] Replay Windowel A e xzr 4 dloje] &lsty] 93]
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J@ Evaluation Diagram
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Fig. 4.23 Flow chart of integrated seakeeping performance
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4) USB <QlE]Ho| A5 Al Fste] PCe] QlE]Ho] A7} &0
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