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Abstract

In the recent years, major ship registers have demanded improved safety on the hull stress of large

bulk carriers which are on navigation or cargo handling in harbour.l)

Under these circumstances, a system that monitors hull stress and ship condition is being more and

more important. If efficient and appropriate navigational information is given, safety of navigation would

be greatly improved.

The major ship registers of the globe are investing a great effort on the development of a system that

monitors the hull stress of ship. Using this system, information of hull stress and ship motion is given to

the users and also the data is stored on the external data storage system simultaneously.

Through this study, a software that monitors hull stress was developed. Not only can randomized

input-data of the standard hardwares be applied to the system, but also this system can be operated on

and applied to real hardware systems.
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Table 1. Sensor Table 2. Data Processing and Display
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Table 3. Equipment Position and Type

o} ALAAL HeE A A/D Converter® £
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Zede] FEA A/EH F F ¥ xH Ax
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L
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Fig. I(b)& Fig. 1(a)9] st=slo] ¥-¥o gajuz
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AEE F712 g8t g2 VDRSS ¥
74at Zloix}, o] 715 ko2 VDR 7HA| &)
Aol HEd A% Azl WA glo] ALY 5 9l

measuring equipment position equibment o] Lo ] [on
object type
0 LVDT : 47 N
Hull 42‘ LVDT : Midship P&S Hull girder (o
Girder side stress
Stress -1 LVDT : L/4 from Bow B o
; -1 LVDT : L/4 form stem )
o e ] oo ] [Zo ]
& . .
197
Stip Clmometer 2 .H Pitch and roll
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Motion
Accelerometer and/or .
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® | A | deR
Slamming | | Lot e Y o) o g4 Fig. 1 Diagram of HSMS
ll)t ressure gauge : Bow AL
m
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Table 4. Scale and Precision of Equipment

Table 5. Electrical Specification of LP-10FB

944 9 Foel
gy | B [T A | as
Heave, e
Sway, 57;] +2g+1g| Sz | Midship | %00lg
Surge
. Midship or
Pitch, ZAAHA | 3 5z | Appropriate | £0.3°
Roll .
Position
U N it Sz | Forward end| 2001
A | w4 +2g+1g z |Forward end| £0.0lg
Hull
. _ Midship on | 2%
+
Girder | LVDT | £25mm | 5Hz Deck (+5p¢)
Stress
Midship in
+8 | £2500 way of _
H O ° +
Fed AZ7) | nre ol Longitudinal oue
on bilge
X0 Bow on
b | oA | ~100 | SHz £5%
Bottom
mbar

3.1.1 LBSG(Long Based Strain Gauge)
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e dA Az "ol Heol welaks A3l Ax
olch &, Fugo 2= A-g sueko g ksl
F-o FAE Ao Aelxe FHHe vAHHE
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Fig. 2 Diagram of LBSG
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RS-232C
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Fig. 3 Diagram of the Interface
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AA Fo AFe] AAGEe di3 e 2@ =
Z FEAES AL A A FF e
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Table 6. Requirements conceming Strength of Ship

Requirements
M,= M, + M,
<J+a*T Ao 34 FYZAEMW>

fx fz Mw (kN-m)

f 1 - ship service factor
34 Aede] Qe H¥ = -1,
54 Aloko] Q= A% =
f» : wave bending moment factor
for sagging

for hogging ( C,=0.6)

Mup=0.1C, Cs L*B(C,+0.7)

C, = 0.0412L+4.0 L0 m
- 10.75— (QQ%—L)“ 90<L<300 m
= 10.75 L H0CL50 m
- 10.75— (L_IS%SQ) 350< L<500 m

C, ' longitudinal distribution factor
=0 for A.P. and F.P.
=1.0 for 0.4L<x<0.65L
9] ke Ay rate] 23 g
<HeF A 34 FHEAEMS>
M) = FuZsx10°—| M, &kN-m)
o A3 ¢4v}vloﬂ 03 84 =3
R (A4F+ 32329 (N/ar)
=175
ky
DAY Ae
——?Ai Az W AS A4,
" Huizt 0723 Atzte] 072t} AW
0E Ad
=1.0: A+ At A7 Ay
oo ¢ A2gE-SH, 353 N/ B 39 Hx e

Z e 2 ATES] A kA
=fiky Cy L B(C,+0.7)%x 10 ® m
F ; : Local scantling reduction factors = —Z‘j-
M+ M, s

0 4= 7, x 10

dutg e g ol &g gufte]l AMAo 37-&HY
o} A3, F e 3 dalAde 067, SR =
0758k A H3x] derh

Zy ¢ 7Rt 2Zo e AdAFgeti A

A Al
(LR Rules and Regulations for the Classification
of Ships, Part 3 ship Structures, Chapter 4
Longitudinal Strength, 1992]
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Requirements

Requirements

=

M, = M, + 1.1 M, in intact condition
M= C, L*B(0.1225-0.015 C)
kN~-m: hogging
=—0.065 C, LZB( C;,+0.7)
kN-m: sagging
M,=0.19 C, L*BC, kN-m: hogging
=-0.11 C, L*B( C,+0.7)
kN-m: hogging
C.=0.0792 for L<100m
=10.75— {(300—L)/100} * for 100< L<300m
=0.075 for 300< L<350m
=10.75~ {(L~—350)/150) '* for L>350m
[DnV Hull Structural Design,
ships with length 100 meters and above, 1994]

>

M[ = Ms + Mu'
M= C, L**B( C,+0.5) (ft-1.ton)
Cy=0.275x% 10 * 690< L<8201t

c,.,={o.275——L—ﬁ§§Q x 10 "* 690< L<820ft

L =Aw9bdol(ft), B =AlutE&(ft),
C, =block coefficient

M.= C, L'BH, K, (ft-1.ton)
C,=(6.53 C,+0.57)x 10 ~*

H=(335+4.5L-0.00216 L})x 10 * ¢
(720< L<1000)
K,=1.0 C,20.80
[Rules for Building and Classing Steel Vessels,
Section 6-Longitudinal Strength, 1977]

=

<AHLF Ao HE FIEANES

M~z —am,

K:ARYs, Zn, 0 Aa wdds

Zmn = C, L?B(C4+0.1K

. =10.75—(—@i0‘0—é) for 90<L<300m
= for 300<L<350m

10-(—]L) for 350<L<500m

L : A Aol

B : A% %

: 93 A4 (block coefficient)

H(=1.0)

@ A%, seke) Aol sk BU=05), A 4

M, 33 FFIedE
M (hogging)=0.19 C, C, L:BC,
M (sagging)=—0.11 C, C, L*B( C,+
C, At Zo] Whspe] 22 AL

1.0 for 0.4L<x<(.65L
0.0 for A.Pand F.P

ol9] FtellME MY oz A4}

<#HFF A &4 FYPENE>

szl_;{s_ Zmin— ( Ms)

[

actual

0.7

k.

K (M), < Beam o]2el oj#] ALY & o]
43tk &, FEFIFAIN FYHFAL Ao 2% 5%
Rizdg olgsted At FWee ZHozye
& 4 glch
oldi, ot} Z-& Hd FYuWEF T 4t
Alx o] 4715
_ WL
M o C
W o wballmpekton), C @ A
334 35(hogging),
F3sEAl © 32(hogging)
#4324kl 35(hogging/sagging),
F241:40(sagging)
AF 9 A A 39 AAF=E, 1995]
gaFd of 4 FPrAEE ALF FYEANE
o} HaE FYPRNESY oz Ao, AupEd
i H FYURYEE JoF FYZVEZT ALt

. 2 BAE o Al e

M o= Mstillj‘—l tﬂl wave

x100(%) : &) %

M.
Mua=—77" *x 100 (%) 243
A7, Mpw & BT EE

% ZTYRAE o83
ojt}. M= Table 60 s AALR 2 o)s &
YyunlE, ME Hos$ FYmde

AeE

-

Ak, A&
SHERENG FPRNES HE, M
M= % SPRAE

A
A

32

el

Iz M= HAHE A%F YW et LBSG
o] Az $2] xellA ASE dleles MxE AR

#:7 Msh‘ll:‘q' Mwavegl 7'“/&_}'0“ °]‘§’%‘4 m*‘f‘

A(2)9}F 7Fo] vieRIc}(5).
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M gy + Mwave _
Mtatal:—m”"M""— ><10()(%) T
Muw T (1
M o= Mm” x 100 (%) . etz
— Vout A[ max
Mx= ( Vmax)( 7 )E Zy e (2)
7|14, V.. LBSGS E24AZ MY, Vo

= LBSGH #d &3 A, 42 p © LBSG Rod
o] Ho ¥sles 7 & LBSG Rod®] #Hol, E & 4
+#(Young’s Modulus), Z,+ €A xolAe] Alxddd
A+E ‘JrEMD}

Maps 5% 29 My HFF2E, odF AQB)
#} zho] viepdl 4 QUc)

o714, N& 58 ot A=% dlolele] o]t}
Mwavet' %°é7]71.]_"’] MX"] _g-\."éi]'% 265”“?}
ez, ohg Aok o] vebd $ gloh

Moo = 2.65><‘/—11VE( M.~ )"

o714, A% 265% 30709 d&aloA dgYg
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Mpws M2t M .5 73 F, A6 o4
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L ( Mpdl g HAER AT A5
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dae]zoz geiglch
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Hr}

NEEARRYH A2d Ade rMEEe 9 &
AL Z2H37] AT Aok olwf, &7 FA o
3 {4 riEse AU g JMExze] A
74T g2 40% =2 g2 $d10]. F, 7t
257} 04gelatd AS AHEAA Ll 2%
AAEd ARE Foh

AR A" AEe S AF AeA

o] Ao 9] Aol o] &¥ 1w, Alg-AtE AAE Abd
Heg Adpx &5 Az 99 AnE: FAd
P25 4 gt dubdog ApA &5 A 7E
( Warning, )& AFA e £z Aopisie] 28
Azt ( opyg Yo BAASF 5228 F ABE o4
slo] vtepdchH11l

- D S
7 ”V [ 220%)

Warning, = Opue X 5.22

o714, He 5% 58 Ast dHAq2Ye

A2 gtee 52 A 319 Hdm), N2 A
7} AeA(ES 0m)e 47 HAY o =22
#ez B

A 014 Hgeh BAAS 5228 29-F7]
¥ Eatel BEUAE 2 AZHEL

A A

R % z}ﬁ} A

o] BEHA Aol ule]w] qug 5 %

o] A&(V)e] g2 7l dubgo Zo|AE

AHg-ske, A/(6)3F 2ol et

A9

R=0.012X VAH0.65 +rrererereererrmrmessmeerisesceeseerenenne 6)

o714, Vi Aot

Warning /& 58 2818 A4=ed, HAZS
B 58 F ASd g AGE AR F ol & 7]
Fog sy, t}d 58 F< AESH A5 +H
o) H\AE 71Ea-g vlasted 2o $igtel
71238 2308 A 2% Aoz #Agd

N

vl Az 71FE(Warning) & Asxe} £97k
“H"!iﬂ’] EFH} opy)oll BAAST 522% FF
& ol&sle] vtebdci1l1].

1+! Rd"'!z
OpMs = H\ - H
s 21n( ZKNS)
3600R
O pys X 5.22

Warning ; =

A7H, N& AP A
4018 Ao, Rt 99 AASEE v

B
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=
ol
e
-
ol
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W, (@) zte] vhehcl.
R 4= 0.0927Y gL (mm/sec)

A71A, gv FY 7HEE, L& Ald ZHololc)

Warning ;£ 5% <92 AAso, A 58 %9t
2 AEzE AN ol &d AT F AT 58 &
¢ HHAZYE A" ApAer £z AHopHY
3t vlaale] aiv)ol o iy o RE wsigic)

4.2 =23 7

AAEH " 5 AAA2H 25 el 5
o FAR 2 xR g 2 asge] A FE
L& Fig. 49} o} 22 g8e] AL 275 99
A4l initial setup window, e} &8 F Al4H =
sailing mode window, &l AHA] A48+ har-
bour mode window, AMA FYHNEE F71e
= 91+ bending moments window, 2%l dje|E
2 ¥ # 9l data display mode window, 7t A14]
2 A olHFE FAY¥ 4 sl gauge check
mode window 2 FYRWEL trendE & F AU
trend window2 Ao} glct

x23 Fgol AH8-% #7-S windows 98],
AHS- qle visual basic 6.0°]t), 28] e
z g @3] 913 OCX(OLE Custom Control)&
+ mhgaug32.ocx, mhhist32.ocx % mhfram32.ocxg
AH8-3}=4], mhgaug32.ocx+ ]2 ZE, mhhist
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