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Vessel's ice speed performances will be verified in ice sea trial but environmental conditions of ice fields are changeable according
to the weather condition of ice trial area, Speed performance has to correct in the no wind, wave and current etc, after sea
trial, Especially finding ice fields which is exact the same as owner’s ice thickness and strength requirements is not easy.
Therefore speed correction according to environment condition has to be done after sea trial measurements, Correction methods
for ice thickness, ice strength, wave, wind and ship draft, trim, ice drift etc. are checked in ice sea trial based on literature
review such as ISO standard, ITTC recommendation, journal papers and proceedings of conferences, Possibility of application
for current and ice drift correction in ice field are discussed and measuring schemes and procedures of correction methods
are described in this paper, Al of correction schemes are calculated for ‘Araon’ which is ice breaking research vessel with
Arctic and Antarctic ice field test results, Analyzed results shows that Araon is satisfied with her official ice speed performance
of 3 knots with 10MW power at 1m ice thickness, 570kPa ice flexural strength,

Keywords : Ice field trial(oi A7), Flexural strength(ze! Z45), Ice thickness(Z& S, Correction method(E& BiH), Speed  performance

in ice( £= &5)

1. 2 25 S oY SMn 25, Hi2h =R/, siyel ER(ice drift)
S 2 ol Fatets Yol AR T8 Fe Aol o
20| 210], Holol| oAFE Aol SHoll ZAkeh SFollAM Yl
Hie Hde LNG d=el X el dofey AIRHOI G852 o A2xig saisin s w4 s BEsls Wi Yuikos
= Bl ATl SIZHLUCHING world news, 2017). Agsin| ofefst 2ge Uutsi(open Sea)ollAl HERY, TiE,
Christophe de Margerie2 W™= 0| MEk2 ME 299m, = X2 So| Zxfjsks AEOIM Al2MS 4sis 5 2R EXO
50m, 20| 26.5m, HAE= 11.7m M=SZ 80.200ton, &= ISO 15016 &2 MFet Hez X3t uhH 5SS AlRslo] 2zt
2= 128,806 ton2 2 2 1=K Ship Technology, 2018). 7|& 0] Yl A2 BXS sh= diHmp 2+ Mij2 DjEkEol 27
AMeiMetol Zol 100~150m L&, ZES 1238k 2o 2 Jx|2 BX™o| $3i=1 Qlch
o7, ok 8 = FXo| 90|24H Christophe de Margerie Hislod A|SA Ak i 232 TAlSHH Chex} Zo| Aa
= SSE2E HYUM =3 o0 SARC R RESIHM LNGE 2 4= Aok gk £ Eo| HYATERAMIC! of2k2(Araon)o]
88 4= e Mute| SHo|Ek= 2o|E 7|2 A0 =M/ =&l 0| Viadimir (2010)= of2k2 52| A|2X ZAniE M=
= X oflX] Aol BlASE Zalg 2ot Rlon], Jf ML AMSIQIC) S MR S2 E5) of2k29| AlM A2 Z
oM 1550] =AH2 =z ol Sof RACt Do} A=l =20] 03] H AME=0], E IHK| T ZnE
Lo AlRE2 MFQt A otelol| AE YaldolMel M= Mz|5tH chgat Zot Kim et al.(2011a)2 of2k2 Mk ALE
2 A3sts S8t FHS T et SHR|gh siyel St of SS0lM AlREE Ssl] 245 Also| ASUHa A

Received : 14 August 2018 | Revised : 15 October 2018 | Accepted : 28 October 2018
T Corresponding author : Hyun Soo Kim, hyunsookim@inhtc.ac kr



o
:IOL
12
>
Ho
2
:IOL
1x
mo
4o
rok
fol
o
B
[
HL
0t

o

(3

o
oY
o[

N
L
Kl
2
ml
o
ol

910, Kim et al.(2012)
fote7| lalf =2 L=
| OREtA et Y2zl oSt 2= SiX| &
2™ AF Z2E 26t ot

89| Amundsen SfiollA i
2MX|E ol3sl U2l ZEl
O'Brien(1994)2| ZEAIZ ARB310{ A
IAch £ Lee et
=< to] 370of mE HYUMS
As0| 2FE 31 38 FHe
Mg Sdaff SYsHE RACE Kim et al.(2011
Aol Pack ice AEHS| Chuckehi ol A] Bi5H
ESIFL, Lee et al.(2011)2 Canada2l Al
2 AR50 WIZEZA9| T[otete MApt HEEX]|
AlMO| AIEAE EYStE AT
M2 Al Haid
AIE SINSHA| ot RS V(IF EHX| &
X2+ Wilkman et al.(2003)2 KV Svalbard Aglof| Cf
ol MM A2 Z3lE eEsigin, M3l M5 S

sto] Mo| Mo S HsHf Aot ESH

Wilkman et al.(2007)2 MV Norilskiy Nickel A1&tol| CH3H Kara
FEsh QAL

1B

Fn
0x
or =
mo Hr

o kI
o )
mju

k1 rlo
-]

ol
2
oz
gl
=
mn

0
o
8
|
10

g

0>

fEfol| A
(2014
= AS3t

imc

%0
[0 T
2
(@)
e 3.

ot rx

s
0Z -
1o

faasd

_,__
M p>

o]

Q
N Tl
A

oln
ol
kl
:IOI__I
H1
X

[ 0)
o
:IOL

F[F
=
o]

Qo

lo on
gl
ol
oy
H
X
s
N
|
il
3
EEI
o

QO
~
o
2
o &

OU:
o
121
>

o

[0

of
re

1o

= rlo

N

£

>
o

< mw o

> K

o H[r

ol

12 rlo rx o .

)

O H oo o - X rlo HIorhoon
> o > rH

e Ho 2 Ho

_‘
ha ™
F[F“<m.u.
n K
&%IQM
X
H
ok
>
ol
i}

£2
n
o
H
1o
o
-0
> 0
+
>
T
HT
re

rlo n> mu Ho
I

Ko

- X o
0B >
2 Ho

Rl

ol

2 =
i

=

>

ool gk

o
i
0ok
ol

ook

b
2
x

>

i
=
[0
ra

Iy
Iy
fn
s

ol

K
r

Ao
el
mjo
ojm
_?k
>
Mo
Al
:OII__l

fol

N

1o
B
|'L| g
2
x
o
4>
rr o
N
o
.
o
oo rE

Ho 1z
2
2
x
rot
o
|'II
s
S 4y

dhal
lo =

Ho 1x
=

_9&

[N

=l

U
bl

30 2
2

rir

o
K

i

_?ﬂ

OII
o

2

il

rt
rr
MO
2
x
rr 4

H 2
I

0
ol
F[F

Jm 0E
o

ol
ok on d

8
rot
02
ook
Ml
ek
rir
Ral
0kl
AN
S
2
a

[o]
1L
T >

0.
I
ox
1

o
3
2

o
&
0 T
[ o

kJ
e
ol
kl

mjo
Al
ot
ol
2
d
b g
c N
=
o
oy
H1
mjn
HL mp T
0
ofr
rir
o

0.
i
1
ro
oz
:IOI__I
Q
>
B [0]
Rl
HI
0%
o
1

ﬁ

T O
m M
=l
=

0
1n

I 2
0x

ARIE 2705k,
AlLE 2ol| el ZelZ=ARE

=

\N}

mo ox

Ho fjo
do
:|°£
x
Hr
10

— e
i

>
[
{nt}
rok

or Hi

2

>
n
o
3
o 0

Ty
=l

Uy
>
ofo
:IOI__I
o [
El
oy
0|?|
o R
ful
N

m N

do

_9&

S

it]

h

2

x

]

oo g

I

> 0
ol

H

HioleiE ALSE
= A2 FalsINct

M ko2 J H> oZ
N 12 H

I
2

N
ot
[
)
1o
T
m
0
A
T
£

N
ox
=CIDI__I
19
Rl
MO
(RAl
.
)
o=
h =]
X
%

T
0=

0
ol
=
12
N
-

0
m
In

TH)ollAL 7l

ox 0X

Mool

:Oé

o

2 o
s T Ajm
x

ne

0jo

1o

3
rx
1
]
b
H o
[he)
(]
2
Mo
]

kA
ol 0% O

Ho

Ao
_|0 I—_l.
B =2
m o x
I rir
H
S

2]

e

ojo

1o

[¢]
e

Sy

o W kO 0z
or

mjo

oy

= o

ofr

F[l__

|

o

R
1z
<)
o
Qt
2
po M
r
N
Hu
rx
-
Hu
Y Jr @ 2

=)
b=
2 rx

o ]
:
0

S
ln

omm
X
™
|0
HU
AT
1>

mo M 1.
mx
2 o
A
r_l_

>
mo o
0o
z mp'k
T\
s
ES]
> i
> fAr
o
_O'L
k=l
o

X
el

rlo

1§
W
or Py
rok
ne
o
inl
=t
i)
Rl
e O
]
1o

>
[HO
Rt
on
Q
2
x
=
rr

\N)

A

Fhet =g ZEol tisl B8 S st EMANE DAY 4
nfe} v Wsto] AHekAe| =E BHESH=X| 0{FE TP &
Ch Aol et B0t 71a 525 29| thAlo|X|TH 5l
Yol ER(ice drift) et Wek xR Set tek Higke|
Lot ek Brash ice Z=Z0A] ot S& WallY Al2M 21}
off ek 7| uf2ol| olol| CHEH EM 2 F=lSl0{of St Al2H
ZHof| Z8=O] = &, 2, EE 07, $A Sk AN
Zaojof| Paks F= W2 olof cish 247} =lofof st 2N
s Z==2 Me|siH ol Table 12 Zo| Mzlgt = qck
Table 19| 2R, 5257, LaFc EHS slof sk= Zioll O
5l 275 sk= 2| cish H2IE sIRic olE 2 HEF
sl EMS EMsP| flsiM e siidlel EFet 8% 50| UL,
siele| FHE 7| fisiMe =2 FAHet =2 UTE Lolof

Table 1 Items for measurement and correction in ice trial
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Table 2 Ice properties measurement methods & devices
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Table 3 Artificial measured sea ice properties based on
Choi et al.(2014)

Temperature | Density Salinity
Place ID

‘C kg/m® %o
A -1.45 915.3 3.8
Amundsen B -1.72 843.5 3.8
Sea (1) D -1.67 855.8 4.4
E -1.68 850.9 4.3
F -1.82 824.5 3.8
Chukchi G -1.72 852.1 4.0
Sea (II) H -1.77 792.2 4.4
J -1.69 847.8 4.1

4T 2HE 2lsliA Choi et al.(2014)2] = Table 20{|A

HA= siEle] xS E10510{ Table 32} 20| Test IDE 7}
25104 ARZSIF T, Choi et al.(2014), Kim et al.(2011a), Kim
1 2ol MAE MM A2M Ho[EE i

=
—_ — —_ L
aif

Table 40 Fz|siAct.

o -'|:—771| 2YE 4

Table 4 Datum from Arctic and Antarctic sea

V (speed) Ice Snow | Measured
Place | ID thickness | thickness power
(m/s) | (knots) |~ (cm) (cm) (Mw)
A | 151 ] 293 145.4 13.1 8.02
B | 1.24 | 2.41 99.1 17.6 6.10
D | 044 | 085 198.2 29.3 6.95
E [ 099 | 193 192.5 29.7 7.95
F | 286 | 555 1143 13.0 5.99
| G | 246 | 479 225.1 9.0 6.04
H | 1.75 | 3.40 190.7 8.0 5.03
J | 1.43 | 278 249.3 10.0 6.55
3.1 YA, wdE By Za)

FEHE ENSHE 2HHE 2 4MoM AMudE dHiQt 20| =
et gekol flot & e 1 5320f 2Rkl w2t o=
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Z DAY Zop L2 E X5 xE T T 810 ARESIX|
25} w2bM Al (9)E ARZSI0] HSVA(2007)2] WfHo = bl
S BEE ofH A (9)2] X[ A Zint I sHEIFAol| A2
Froude =(Fn)E AlAtsHoF Bt Table 5= Table 42} A1 (9)&
ALg5101 AlMkSHF (FAHRE A, siYel SFe HER M)

oo T1o
W42 Felgk Z21o|ck

X2 eltAA| ke FE S Y 4 glon, A (14)2] U
01 5 Uel daiE T AE U EEXY

oF == Ql=H|, ol2{st
ZE HHo|M Timeo2| SHallXH| A Ak &

Table 72 Table 62| Tlmco Zojet Al
st 4742 Mal5kT, Choi et al.(2014)2] 22 +9+ Hlﬂéu xfOI
QxR EHSIYen, 4T EEAS Fe Talod Melgt
do|ct.
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S

Table 7 Calculation of ice strength correction factor

Table 5 Calculated results of Fn, A, F; D Choi et al. Eq. (14) Ezror B Ep
Place | D | Hractual g A F 2014) %)
with snow A 205 209 -2.0 | 3.26 1.22
A 158.5 0.4808 1.35 0.538 B 292 274 6.5 3.09 1.17
B 116.7 0.3960 1.37 0.809 D) 239 227 5.3 2.58 1.27
D 227.5 0.1395 1.46 0.302 E 240 235 2.0 2.94 1.22
E 222.2 0.3176 1.40 0.328 F 302 296 2.1 412 1.1
F 127.3 0.9122 1.21 0.747 G 281 259 8.7 3.87 1.14
I G 2341 0.7859 1.25 0.346 H 267 261 2.4 3.42 1.16
H 198.7 0.5587 1.32 0.404 J 261 251 4.0 3.21 1.18
J 259.3 0.4561 1.35 0.275

Table 50 & 4= UXO|
power 20| HHE & A Ho| &
uCk,

8l ZE BN 2 25iME Table 30lA FO{ZI HIO[E{E AR
fo A6 (11) ~ Al (13)2] go2 HLAMH|(v,)E &
oo, A&t ZA3IE Table 60l H|5I%CH

ol

39

Table 6 Calculation of brine volume using formula
(11)~(13)

Place| ID | Eq. (11) | Eq. (12) | Eq. (13) |Eq. (14)
A 0.1051 0.1309 0.1239 0.1312

B 0.0937 0.1107 0.1050 0.1000

D 0.1088 0.1319 0.1251 0.1214

E 0.1062 0.1282 0.1215 0.1172

F 0.0903 0.1047 0.0994 0.0920

| G | 0.0981 0.1165 0.1105 0.1064
H | 0.1046 | 0.1246 0.1182 0.1054

J | 0.1008 | 0.1207 0.1144 0.1098
Table 62| F4=A|&H| gfo| IH sidol| 4Tt Boke 22|

A 2n|E 7R3 o] sfge] Bt ASS o FE = A
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Table 8 Sample calculation of ice drift

Direction (deg) Speed(Knots)
Ice Drift 200 0.49
Trajectory 209.83 3
Correction 9.83 2.51
Kim et al.(2011a)2, Kim et al.(2012)= =32} Z=0lM
Araong ALE5101 AT =& 9 Alﬁ-’“ Tt B gﬁ;@'g
O:

2 A2 SFS| glolt £ =
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0| 5 O|A2 R Lackenby(1963)2| A ALS HeTt 7Anp Ux|510{ ZHoAM H|2lSIRACE
7(|':'F alo| HHof| thst HEE metsp| 2l 252l 2F 2
B M 71510 Atk $RSIQICE o] Al AR Alkgnt Table 11 Correction of current of Araon
UX|SIX| L=t ALt ZIH= Table 92 22 Zoe =1 U ltems Value
=H A (2002 ARSSIHCE Water temperature (°C) 10
Water density (Kg/m®) 999.8
Table 9 Sea depth correction of Araon Current speed (m/s) 0.1
ltems Value Current direction (°) 120
Araon draft (m) 7.62 Coeff. of viscosity (i, kg/m-s) 0.001317
Sea depth (m) 15 Coeff. of kinematic viscosity(m?/s) 0.001318
Midship section Area (m?) 140 Reynolds number (Re,) 7,210
Ship speed (knots) 3.0 Cf 0.0217
AV 0.2132 Projection area (m?, Assume) 700
Corrected speed (knots) 2.7868 ARcu (kN) 0.11
33 B, T, X% U &4 B Z 3.4 YRS AxE BY Za}
High o 3 ZFe 2Y2 o =HH MEL| geE EH HSVA(2007)e| FHet ZE Eds st ZTE He(stH
0| == HE 2381} 2. 6%0l|M 7|=5I9Ct SHR[2E Haed A Table 129} Zo| &z| & £ 9o},
29| 29 FeElo|M e Tiert WHSHK| ooz 2 =20
Me Hes|2 sk diZlof] olst HE2 Al (1)2 ARSI Table 12 Calculating of corrected power
1, =Fof oieh 282 4 (6)2 ARSIt D ” - Measured Corrected
power(MW) power(MW)
Table 10 Wind resistance correction of Araon A 0.538 1.22 8.02 4.25
ltems Value B 0.809 1.17 6.10 5.62
TA (m) 7.2 D 0.302 1.27 6.95 1.65
TF (m) 6.8 E 0.328 1.22 7.95 2.01
LPP (m) 95 F 0.747 1.1 5.99 4.52
LOA (m) 111 G 0.346 1.14 6.04 1.50
Density of air (pA) (Kg/m®) 1.292 H 0.404 1.16 5.03 1.62
Air temperature (°C) 0 J 0.275 1.18 6.55 1.22
Relative wind direction (°) 354.00
Relative wind speed (m/s) 10.2 of2k2o| MsECh g YFMoX|2t & 2ot o5t 2
Wind force coefficient (Car, Assume) -0.744 BlmolM Al2HsH Aot ASE ZofEct = AR E3 )
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Table 102 Araon MEfe| diZtol| o5t K&t BN g2 Hof
10 U=l Cyr 22 T w42 ARSSIICE dHigtel £571 3
X| 4 dizke| digto| Mutol A2 (180°)2t Hirf wake = =t
5 Ao Mg glo] FF=2 L

ofzf2 Mufe| x=Foi thst 2H
Rt Table 110M K07 A=
2:

A1z =F &7} Zof AEe| &

= Aot

Table 1101 &Hz|
A 22 AAkS
1

—
of &tes| 22 A

[

< th

|->1 W oo —=
Ju = oo &
M o

1o
o 3 o

0z
N

&! (18)1} (19)2 AL2slo{ 2AME —JF 91

2132 knotsZ 4| (26)0l| 2I$t MA &£ HH g+ <
.7032 knots O|Ct. Table 42 74I§E &5 2ol BM g2 M
3lo 2E AZE &2 E 78 = Uk

HiZlol| 2|8t XEH-10 kN)Tt _’F_Troﬂ oI5t MEH0.37 kN)2
HEH5tM -9.63 kNE ¥ = U=0l 9.63 kNe| M&2 Fig. 3
o| E2I=Z A& (Bollard pull test) 22t ARSsI0 718t 4= 9l
Cl Fig. 3ol EA|E Z2E Mot F3 T2 3™
o} QIFIZ=S MAIE Sl AlAkS 51 9.63 kNe| Aol a5t
ozl Z2{2 9 kwolch,

I

rir

JSNAK, Vol, 56, No. 2, April 2019

125



L33 S30I4 AIRTS 504 M| FofRl B4 x
2ol Mete] £, 9171 52| S0 AZHD, AR SHAle]
Y v, DT, X7, 4, Y EF S 2y Hao
ool Bae S 2 W ot 5 AeH

el

Table 13 Speed power value of Araon after correction

D V (knots) Power(MW)
A 2.22 4.24
B 1.71 5.61
D 0.15 1.64
E 1.23 2.00
F 4.85 4.51
G 4.08 1.49
H 2.70 1.61
J 2.07 1.21
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Fig. 4 Speed power relation of Araon after correction
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