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A Study on the Pedestal Structure Analysis
of the Shipboard Night Vision System

Jin—-Seok Jang

Department of FElectricity - Electronics - Control/ Engineering,

Graduate School, Korea Maritime University

ABSTRACT

In this thesis, we designed Stabilization Pedestal for ship and analyzed the

structure and vibration.
Stabilization Pedestal must be light in order to support the entire weight
barking force when a ship needs a brake, centrifugal force when it is turning,

given force when it is banking and an impact from the outside or wind

To make pedestal light, the most suitable operations were conducted with analyzing

the structure about the Pedestal’s receving load.

A 3D plan is designed by Catia V5 and the stability of structure is examined by

an actual product before adapting our study.



But by means of experimentation which is carried by making actual product,
problem of a time and cost can be occured to adapt a rapid current of a modern

industry.

We performed analysis to make pedestal light using the Natran(analysis program of

structure) which can reduce the cost. So raising an operation efficiency is possible.

Using it as a domestic or international marketing data, we can get a result that is

able to give the company many advantages.

What we have to find, which is the best design of Pedestal was accomplished as a

result of minimizing the weight and mataining the hardness.
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A3 Aeg seddd Nvse A R FE

Aukg F Qg4 NVSE ARPA #old 2 ¥H Target 4%, GYROZF-EH A4 9
A AE, GPSEFE Ao HAAEE wolA, xH7A ] FdHe 2 AgsE =
Z3to], CCD, IR 7t 2t 5] & A E Pedestale] ¥4& A&, FH3= 7152 <
=
I

&y 3L A4 myy % ECDIS(Electric Chart Display Information System)

2

2

%% o] TAEHw, DVRo| 71 =%t}

ARPA dol 9 ZFAAR+= okg] 28 313 Zo] IMO Resolution 820:1995¢ 2] 7
3 EFE ZTEEZF IEC 61162-19 TTM(Tracked Target Message) JHE AL ¥ =4,

WA e EANE, AR 92 2 PARTE FHAA] A D A 94

IMO Resclution A.820:1995 and MSC 64(67) Annex 4: Data associated with a tracked target
relative to own ship's position.

$--TTM, xx, x.x, X.X, @, X.X, X.X, @, X.X, X.X, a, ¢c--c, a, a, hhmmss.ss, a *hh<CR><LF=>

Type of acquisition

A = Automatic
M = manual
R = reported

Time of data (UTC)
Reference target (see note 2) = R,
null otherwise
Target status (see note 1)

Target name

—— Speed/distance units, K/N/S

Time to CPA, min., "-" increasing

—— Distance of closest-point-of-approach

Target course, degrees true/relative (T/R)

Target speed

Bearing from own ship, degrees true/relative (T/R)

Target distance from own ship

—— Target number, 00 to 89

1% 3.1. ARPA #olthe] TTM wl Al A 3 e
Fig. 3.1 TTM message format of ARPA Radar
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IEC 61162-1°] °]g GYRO® HAx 3 GPS9 AR xiF HH=
df 19 32, 19 333 2

*HDG — Heading, deviation and variation

IMO Resolution A.382 (X). Heading (magnetic sensor reading), which if corrected for deviation
will produce magnetic heading, which if offset by variation will provide true heading.

$-HDG, x.x, xx, a, x.x, a"hh<CR><LF>

L Magnetic variation, degrees E/W (see notes 2 and 3)

Magnetic deviation, degrees E/W (see notes 1 and 3)
Magnetic sensor heading, degrees

NOTE 1 To obtain magnetic heading: add easterly deviation (E) to magnetic sensor reading;
subtract westerly deviation (W) from magnetic sensor reading.
NOTE 2 To aobtain true heading: add easterly variation (E) to magnetic heading;
subtract westerly variation (W) from magnetic heading.

NOTE 3 Variation and deviation fields will be null fields if unknown.

a9 32 GYROS HDG "IA A 3 e
Fig. 3.2 HDG message format of GYRO

GLL - Geographic position — latitude/longitude

Latitude and longitude of vessel position, time of position fix and status.

3--GLL, LI, a, yyyyy.yy, a, hhmmss.ss, A, a *hh<CR><LF>

I— Mode indicator (see notes 1 and 2)
Slatus (see note 2) A = data valid V = data invalid
UTC of position

Longitude, E/W
Latitude, N/S

NOTE 1 Positioning system Mode indicator:
A = Autonomous

D = Differential

E = Estimated (dead reckoning)

M = Manual input

S = Simulator

N = Data not valid

NOTE 2 The Mode Indicator field supplements the Status field (field 6). The Status field shall be set to V = invalid
for all values of Operating Mode except for A = Autonomous and D = Differential. The positioning system Mode
indicator and Status fields shall not be null fields.

a9 33 GPS9 GGL WA A &
Fig. 3.3 GGL message format of GPS
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1% 34 Night Vision System9 T4 %=

Fig. 3.4 The block diagram of Night Vision System
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Pedestalol ®AIE = Fule] Ad = QEHolx P Aoz = o a9 3674 &
ok, ®A Ae e Ao s ECU(Equipments Control Unit)S %3lo] MCUo| 4172

Fig. 3.5 The schematic of proposed 2-axes Pedestal

a3 35 AAH 2-% Pedestal =9

H1, Pelco-D ZZEZS AlL3 == 47530

Pedestal & & X H&

POWER

LIMIT S/

ncizv

SIGNAL (2)

SIGNAL MASS
CAMERA DC 12V, 1.24 RS 485 (2), VIDEO SIGNAL (2), DAY/NIGHT (1), MOTIGN DETECT (1) 06KG
LENSE DC 12V, 0.54 MEAR INFRARED SET (2), IRIS, FOCUS, 200M CONTROL (12), RS232 (3) 5.2KG
LASER ILLUMINATOR | DC 12V, 3.54 RS 232 (3), MOTOR CONTROL, POWER CONTROL 21KG
THERMAL CAMERA. [ DC 12V, 1.54 VIDEO SIGNAL (2}, RS 422 (2) OR RS 232 (3) TTKG

1% 36 Pedestal HAIGAY AP L Ao s

Fig. 3.6 Pedestal Control Signal
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3.3 Pedestal®] Ao +%
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ﬁfh' _ Controller _’Controller Driver > Motor ’5-‘1
f Pulse Azimuth
Counter Encoder
AAzimuth
Coordinate, Gyro-Rate
AFl = Transform Sensor
Elevation Roll, Pitch, Yaw
% 3.7 Pedestal?] A|lo] 8=
Fig. 3.7 Control block diagram of the pedestal
FAol 2 AlAM = KVHA DSP-40000.2 o] gafo]l= AlA= AlWre] 3% 3|d&F
AE el =32 (Rolling), ¥ # (Pitching), &% (Yawing)d 3Ad % AHES HE 3o
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— | D22 (modeling)|—

i1 (analysis)

|

G4 H & (ohjective) |
l HUZY (physical model)

=} (assumption)

0| &% (idealization)
Ol&EE 2 (idealized model)
L= iHE 2 (analytical model)

-

HI
oTT
=y
'rrU

HOHE 23
TR 4 BY

< 22| (physical laws)

L5t formulation) :

e
ki P

2209 (mathematical model)

—

T2} evaluation)] —pe

\

alytical method, exact solution)
B (computational method)

physical experiment)
OIE0/ILt A2 HE

TR e S g A

Fig 41 Flowchart of structural analysis

4.2 Pedestal X 9 ¥
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&L Catia VbE 9]
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4.2.1 Pedestal®] +% 2499

1Y 42 Catiags o] 83 A% 2-Axis &894 3} Pedestal

Fig 4.2 2-Axis Stabilized Pedestal designed using Catia

4.22 A8 BEAX AY

Pedestal?] 27 @ANA AA F% % ATH 52 nelstel, 28 Azt Gy
FOEe $4 wdsgon, T2 Bt HES sl @ ARz Agste] 2
2% & =T Hdt. £4 AU wAYE SRUF FFOL FT wolat ~

a9 432 &7y duel Wd AR 4AE el 130l Pedestald] 4 F

F2 09 449 F& el veEld e, 2+ FE HEH LAY dxYoldy dolH
TS ¥ 41 JeErNY Y. oy =738kl A Pedestale] & dhFol diste] FxEA
< T d3tal Pedestal?] &3S A HAg s 5T,
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(1N ANSYS Workbench [ANSYS Multiphysics]

(5] [Simulation] iz, [Engineering Date]  x

| File View Units Help || _Jhew ~ gallmport » g Export + ‘\ Jac
Engineering Data Project

= i " 5
s T
= 3 Materials (2) i
C % Aluminum Alloy
0% Stuctural Steel E strctural i i)
= 3 Convections (1)
) @&'& Stagnant Air - Simplifiec | [ veerss teis 71000 MPa |‘5.
=& LngHismries n " [Jowssmnssste 03 N
& Conveciion Coeficiens | | L ]
-~ Gy feat Flows (D) s e 2% 1 [\
{2 Heat U | tgmateg N
-+~ 3 Heat Fluxes (0) = :
[ ] Tanste i Srancin 280, MPa
[ Comerasmia Ve Brangtn i I B e e ] ey b, S oh
[ Tunsin imata Stunin 310, MPa
[ Zomerasris Uit Sangs 0. MPa
s Thermal Corductivity Alterrating Eirazs
El Thermal BégRarais Figaras
[ Thaemal Condoctvly [
[t s ket [N
1 Blaclromaguatics AegRaraia Fanarter
[ | et farmaasy 1,
Ty 5 Te-05 Chmmm
1 |

Metric {mrm, ka, M, °C, s, mV, mé&)

a9 43 dAYY wolE ] Mg =44

Fig 4.3 Material Properties of Matter Engineering Data

2
N

-~
2

Pedestalell 2§% 7} &Al9 AAAE=E O3 2o 2EHdd s 2] A=
= 1158 MPa, STS3047} 5156MPa, 18] 1, &Fn]H <2 AL6061-T6°] 455 MPao|t}.
A4 (Young's Modulus)= 275790.280 kPa, ¥Fo}4H]=0.33, ¥ %= 271 g/cmeo|t}.
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# 41

F 894 3} Pedestal?] 8 HE &4 X

Table 4.1 Material properties of Matter Stabilization Pedestal

. . p(kg/m') E(GPa) v

ID Description Meterial e gu G(GPa) S op 4
1 Top Plate A6061 2770 72.4 27 0.33
2 Side Plate 1 A6061 2770 72.4 27 0.33
3 Side Plate 2 A6061 2770 72.4 27 0.33
4 Motor

5 Side base 1 A6061 2770 72.4 27 0.33
6 Side Plate Bush SUS304 7900 200 0.29
7 Side base 2 A6061 2770 72.4 27 0.33
8 Bearing SUS304 7900 200 0.29
9 Bearing cover SUS304 7900 200 0.29
10 Bottom base A6061 2770 72.4 27 0.33
11 Moter Base Bush SUS304 7900 200 0.29
12 Base SUS304 7900 200 0.29

a9 44 2-Axis #lH 2= (Pedestal) &8 =

Fig 44 2-Axis Pedestal a deal drawing
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4.3 NastranE °©] 83 Pedestal T334

F2 43 Pedestale Rrte] FED w: AFH A Az A48 2 /g
wol Agets A AN F4 £ AL F olok Bk ey TE Fo B3

f Rae PARNES} AR A e ATl E A TAFAEA o5 WE A

4.3.1 Y14 (Mesh) Ato] % A A

Catia V52 A A% Pedestal =W S Nastran® & 9o} Eo] 29 393 Zo] w4
A4S 39t Pedestal 22 A #AA 9 Arme w4 (Mesh) AFe]l=& 0.25 in
2 AAG e, FERA HALFEEA ol AFFE T2 VE WARYg ¢ e b

He AP,

000 250,00 500,00 (mm)
T ]

125,00 375,00

2% 45 Nastran<S o] €3 Mesh =28

Fig 45 Mesh modelling of Nastran
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Tetails of "Mesh” 1}
- Defaults

-Glnbal Contral |Basic

|Relevance |0
-—_:'ét-a-t-is-tit:s '

Nodes | 215087

Elements 1129926

2% 46 Solid 2¥E& Meshd 23z (433 a4 AA)

Fig 46 Mesh Data of Solid Model
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6061 Annealed Wroughtol™, #H | 52 60kg= A3
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® 42 W9 F =4

=

Table 4.2 A displacement measurement

Total :
2 o Tranglgtion Von Mises Stress Arm= 7]
(¥ 9] %) (5=
Case 1 | 114.79 kg 0.00121mm Hol 0.231kg 100mm
Case 2 | 6258 kg 0.00431mm ) 0.453kg 50mm

Case 19 A3 Ao Pedestal® A#EFE 114.79%kg, ¥ = 0.0012lmmolH, $3&
] 0.231kgeltf. X3k Case 29 A%, AL 6258kg, W9 FL 0.00431lmmeo]H,
Hg $8-2 0543kg oItk SHolu, WY FE& B wf, Pedestal o ZFHL ¢ 60Kg

7tA 282 Arme ZolE 50mm A= 7HA =Y 5 dvn ddHT)

Case 1 Case 2

a9 47 FF A RdYy

Fig 4.7 Structural Analysis Modeling
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Casel : Hd 0.231kg Case2 : F o 0.453kg

1Y 49 571 ¢4

Fig 49 Von Mises Stress
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w9 W o o 7FAFE AE W(beam), F(plate), & (shell), 2212 A (solid)
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Fig 5.1 Mesh Preview
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Fig 5.2 Pressure activity condition
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Display 1
Fenl

SUB ID=1->STRESS

TITLE = NX NASTRAN FILE TRANSLATOR -— UNITS =

STRESS Von Mises Averaged Top shell
Min: 9.43E-03 mlfma'z Max: 1.98E402 mll/rmn~2

SUB ID=1->DISPLACEMENT

TITLE = NX NASTRAN FILE TRANSLATOR -— UNITS =
DISPLACEMENT XYZ Magnitude

Min: 0.00E+00 mn Max: 6.07E-D4 mm

Part Coordinate System

a3 53 AP A (AA Aoy scale factor 5.0)¢F &

Fig 5.3 The variant situation.(scale factor 5.0)
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Fig 5.4 The result of an oscillation frequency interpreting of the Pedestal
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Mode 1 : 0.00313769Hz Mode 2 : 0.00122712 Hz

Mode 3 : 0.0010466 Hz Mode 4 : 0.000742388 Hz

Mode 5 : 0.00123722 Hz Mode 6 : 0.00145436 Hz
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Mode 7 : 0.0880014 Hz Mode 8 : 0.191205 Hz

Mode 9 : 0.231891 Hz Mode 10 : 86.72519 Hz

a9 55 A e A

Fig 5.5 Original Oscillation Frequency Interpreting
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