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ABSTRACT

The electronic inclinometer can measure and print various output data related to the ship’s heel, rolling cycle, and
amplitude. The electronic inclinometer that can support ship stability judgment is equipped with a platform that supports
stability for recovery performance, so it is possible to provide data even for small ships that lack ship stability judgment
information. GM is an important factor in determining stability, and each type of ship has different GM scope. The
purpose of this paper is to analyze GM according to the type of target ship and to review for a stable GM proposal. In
addition, it is expected that GM data for each ship type will be embedded in the electronic inclinometer for ship that
meets international standards, and will be used as data for securing and reviewing GM for strengthening ship safety
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AAA]) HAAA = ZAI3A7 ] IMO (International
Maritime Organization) MSC.363(92)[ 1]} ISO(International
Organization for Standardization) 19697[2]°| 4 {75}
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table. 1 coefficient of approximate formulation in full
loading condition

i
coefficient BC LGT ocT
a; 0.0029 0.0005 0.0024
b, 0.6449 1.5620 0.5259
AEAeNtsl Adoludle] Ae, s AR

(loading)©] 54 37184 of w2 A4 A=) A1)
o] ShE| got zhol2AtA] Aok HhAIsIA B
2l GM& 217 thet o] Aksh ek,

- A5 2}LHHA(CC: car carrier) : 2.6m
- Ad| o] A(CS:container ship) : 1.2m

A AtAR o] R ES 7]
O 82 F7HA AEO AR GME =5 }‘ﬂ‘:} (5]
St Aure] 544 3] 724 o] of e A Fofl A=
PA-tAtE el Zo] HoF A< GME AAIEH

gt 24 A e (ballast condition)= THAJ A el (full load
condition) Xt} =& GMS F/J5H7] wjszol] T/ e
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(full load condition)E& 7|#2.2 A4 GM= 4313t}
2 Ao A F7HE A e e, ZF Aol
ol e = w20 Pk
- &= AI(CF: car ferry) : 3%
- 7} 2](RFP: ro-pax ferry) : 4%
- o] AI(FV: fishing vessel) : 52
- AWFSHEA(GC: general cargo) : 6%
table. 2 additional target ship information
type | no| GT(ton) | LBP(m) | B(m) | draft(m) | GoM(m)
CF | 1| 376.000 47.000 | 12.000 | 3.000 6.021
CF | 2| 466.000 55.000 | 13.000 | 2.700 7.121
CF | 3| 301.000 52.000 | 9.200 2.750 2.335
RPF| 1 [15,188.000| 171.000 | 27.000 | 9.700 1.881
RPF| 2| 2,862.000 | 102.000 | 17.800 | 6.700 1.462
RPF| 3| 9,690.000 | 147.000 | 25.000 | 8.300 2.240
RPF | 4 [13,665.000| 175.000 | 27.000 | 9.900 2.318
Fv | 1 8.550 13.050 | 5.000 0.800 5.218
Fv | 2 9.770 15.100 | 4.180 1.120 2.324
Fv | 3 6.670 12.130 | 4.620 0.780 4.896
FV | 4| 201.050 34.000 | 6.900 3.100 0.513
FV | 5| 430.020 | 49.000 | 8.600 4.000 0.543
GC | 1| 998.000 66.990 | 12.800 | 5.250 3.013
GC | 2|4,562.000 | 102.000 | 16.600 | 8.700 3.089
GC | 3| 1,993.000 | 74.000 | 13.600 | 7.000 1.662
GC | 410,758.000| 125.200 | 26.000 | 8.000 4.688
GC | 5/22,070.000| 179.500 | 27.700 | 15.000 4.578
GC | 641,416.000| 198.200 | 33.950 | 19.000 5.740
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- H3X(BC: bulk carrier) : 434 %]

- A= 2} HHA(CC: car carrier) : 1132

- 71| o] A(CS: container ship) : 243 2]

- 7}2~-2-HEA(LGT: liquid gas tanker) : 99

- 7]1& - 3}8HA| Z-2-HHA(OCT: oil chemical tanker) :
3762

- A= A1(CF: car ferry) : 622

- 7} 2](RPF: ro-pax ferry) : 30

- o] X(FV:fishing vessel) : 1897

- UuFSHE-A(GC: general cargo) : 3062

table. 3 ship information for estimation of maximum
allowed static heeling angle

type no GT(ton) depth(m) draft(m)
BC 1 31,261.0 17.200 12.508
BC 2 47,051.0 19.900 14.138
BC | 434 84,482.0 23.800 17.625
CcC 1 996.0 2.850 2.040
CcC 2 1,510.0 9.600 5.542
CcC 113 72,635.0 14.300 10.015
CS 1 9,030.0 11.200 8.651
CS 2 20,624.0 15.900 10.720
CS 243 2,396.0 7.100 5.800
LGT 1 95.376.0 26.000 12.020
LGT 2 113,998.0 26.500 12.020
LGT | 99 2,677.0 10.600 7.400
OCT 1 6,757.0 11.400 8.514
OCT 2 5,160.0 9.600 7.213
OCT | 376 1,554.0 6.600 5.200
CF 1 151.0 2.100 1.610
CF 2 153.0 2.360 1.340
CF 76 4,599.0 7.200 3.148
RPF 1 2,862.0 11.920 5.114
RPF 2 3,780.0 11.500 4.716
RPF 30 31,804.0 9.900 7.903
FV 1 1,096.0 7.250 4.430
FV 2 780.0 8.130 5.945
FV 189 360.0 4.150 3.950
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type no GT(ton) depth(m) draft(m)
GC 1 121.0 2.000 1.412
GC 2 299.0 6.200 3.770
GC | 306 43,181.0 22.700 11.210

1.000 A

0.000 T T T
0.000 10.000 20.000 30.000
B(m)
fig. 1 GM regression by ship's breadth in full loading
condition

40.000

table. 4 coefficient of correlation by ship's B

L ro-pax fishing general
ship kind car ferry ferry vessel cargo
coeff. corr.(r)|  0.999 0.817 -0.738 0.943
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fig.3 (a)FV regression analysis (b) GC regression analysis
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table. 5 coefficient in full loading condition for fv, gc

coefficient fv gc
a; -0.0856 0.0029
b; 4.1469 2.3811
AEEE 4 Qs k0] S EH 9 63} 2T

table. 6 effective GT range for fv, gc

ship kind fv gc

effective Range(GT) 6.67~430.02 998.00~41,416.00

B 11502 253k AeAl(CF)$} 71 2|(RPF) =
Sl Mol Hedol AA 3= niA= 1}5
X

a2

1
%
_/r\_
Al

RS

HPAIT fARG WEE BHES AT Wak oket
95 dlolg 4-0) BAIZ AZ} GMo| A
20| tha vhrha perEic,

SHAJgE, 54 Elo]e] £Ao] ofshul 2} H(CF) o
719 2](RPF) = GM2} Al8H7do], Z3k9] ARaA 7t 4
T BT 7| 22(70%) ek A 24 =]91] oh o]
TS ol §3to] GME EE317] Hol, ATEI 2L
BUOR QI £49) w0 GTBE 59

S GME F505R gste] B ARAL 245t

GM(M)
8
¢ CF RPF
7 . L]
6 4 «
5 -
4 -
3
L)
2 4
1 4
0 T T T T T T T T T T
0 100 200 300 400 500 600

GT/B
fig. 4 GM regression by GT/B in full loading condition
for CF, RPF

o g4t gt A RS THE
sholan Hadsol o BRA Ak YA
ERLTR

7184 Al 248 AHASNA AEACHS
0.1821 2 712).5(a)9} 2+, 7} 2)(RPF)= 04517271
%1.5(b)9} 2o Lrekdeh GMat Alukzlo], Eakol At
A7} 9 o] B4k Se] GT/Bo] tha GM )
A= ZHEA(CF)-2 0.4268 71| 2](RPF)+= 0.6721
= W 2AE gl

GM(M) GM(M)
8 2.5
6 P I . 20 4
N 1; ]
2 V:O-%zfx'lo-zi -] y = 0.0015x + 1.3773
. R2-0.1821] 05 R? - 0.4517
T T T ™ o0 7 -
00 32 34 36 38 0 200 200 600
GT/B GT/B

fig. 5 (a) CF regression analysis (b) RPF regression
analysis
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fig. 6 GM distribution and average in full loading
condition for CF, RPF
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fig. 7 draft distribution by ship's depth for each ship kind
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ship kind average freeboard/D ratio(f7) S.D
LGT 0.371 0.125
OCT 0.245 0.068

CF 0.457 0.155
RPF 0.429 0.138
FV 0.114 0.127

87) ol A2} o] ARe] oo mE Ze
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2 sojm AF Zolo] w2 S5 ulee] Bk £
3} e
table. 7 average d/D ratio for each ship kind

ship kind Average d/D ratio S.D

BC 0.719 0.019
GC 0.741 0.085
CcC 0.484 0.192
CS 0.678 0.077
LGT 0.629 0.125
OCT 0.755 0.068
CF 0.543 0.155
RPF 0.571 0.138
FV 0.886 0.127

table. 8 average freeboard/D ratio for each ship kind

ship kind average freeboard/D ratio(f7) S.D
BC 0.281 0.019
GC 0.259 0.085
cC 0.516 0.192
Cs 0.322 0.077
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table. 9 result of study for minimum GM

Anal. ltem BC LGT ocT CcC s 2% GC CF RPF
.| Pre. Stud o o] o]
Ship } This Stud);f o 8} o 8}
Samnple(ships) 30 21 43 34 31 5 6 3 4
Corr. Coef. 0941 | 0827 | 0938 | 07} 071 | 0825 | 0.864 | 0427 | 0.672
a 0.0029 |0.0005 | 0.0024 n/a n/a |-0.0856 | 0.0029 n/a n/a
b, 0.6449 |1.5620 | 0.5259 | n/a n/a | 41469 | 23811 n/a n/a
GMayg(m) n/a n/a n/a 2.600 | 1.200 n/a n/a 5.159 1975

table.10 result of

Anal. ltem BC
[ Pre. Study
| This Swdy[  © 0 0 0 o 0 0 o 0

study
LGT

for angle of deck edge immersion(A.l)
oCT CC CS v GC CF

RPF

Shi

Sample(ships) 434 99 376 113 243 189 306 62 30
Avg. draft/depth | 0.719 | 0629 | 0755 | 0484 | 0678 | 0.886 | 0.741 | 0.543 | 0.571
f 0281 | 0371 | 0245 | 0516 | 0322 | 0.114 | 0.259 | 0457 | 0429
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