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Summary

A ship, advancing in a level ice field with continuous icebreaking mode, is subject to several
compornents of ice resistance such as resistance due to breaking of ice, ice buoyancy, removing ice and
ship motion. Although the third and forth components increase with ship speed, the first component,
i. e. icebreaking resistance, is the most significant. This paper studies the icebreaking resistance at low
ship speed.

The results of model experiments on icebreaking resistance were analyzed in detail for three
different bows. They were a conventional wedge-shaped bow, spoon bow and concave bow. The
following results were obtained.

(1) Independently of the bow shape, icebreaking resistance is in proportion to the total crack
length, ice flexural strength and ice thickness squared.

(2) Decreasing hull stem angle at ice contact point raises the width of broken ice piece, resulting
in shorter crack length. The icebreaking resistance nondimensionalized by the ice flexural strength and
ice thickness is determined by the tangent of hull stem angle at the contact point.

(3) Since the spoon bow has smaller stem angle and larger waterline angle, the total crack length
becomes shorter compared to the other bows. This is the reason why the spoon how gives the lowest
ice resistance.
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Fig.1 Typical one cycle of icebreaking in continuous

mode
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Fig. 2 Pre-sawn pattern
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Fig.3 Floating ice beam without flooded region (upper
figure) and with fiooded region (lower figure)
(Usami, 1995)
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This is the most common bow
form for ice—going vessels.
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A spoon bow.

7 This bow has a biunt appearance.
The waterline is round near stem.
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////j A conventional wedge-shaped bow.
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Bow-C
8 112 Contrary to Bow-B.

8 7 This bow is slightly concave near
and below the wateriine.

Fig.4 Bow profile of models

TVv—h74 YETRMEO® 2D BRI,

MEROBAMED 7 V7 —AMBEFIIKE W,

MREAR 19 B,

737 7— M, BT 2 m DBECERE,

(c) #E C (M)

MEROBEARBETCHED 7 v—A 7 1 YK,

TV T ARKT, MEH»S Y a vy —RiERfaE T
iy =

SEETR ¢ P4 Y RKBEEEFER Polarstern &,

3.3 FEKEREER

IKHIRAER T, BRI surge, yaw B U sway 2HE L7z
REET, —EERETERERDRkOTERE| LT, KK
BN, Fig. 5 KWRTED TH L BERREHRSI Ay FRU
HA ROy FiZkYRFIEEICERT 2, Ry FT
i, 7582000 N ORAEHT & 0 ERICE BT EETET
%L LIz, HAOD heave DEHHILITH S, BHDOHA K
oy Fix, fIRARCIGESHPEHRT, EERO roll,
heave R Uf pitch DEEI 1T 5, EEM L 4 BB
TIEEOFH b T -7, —H, BB (EES,
FIFARCREE— XA > M) bBAOFHc X DEHEIL 72, &

Desktop

Data
Computer  A/D

Recorder

Converter
O
e - <

-
Carriage J

Q% Q)

Towing Post

Guiding Post
Model Ship

> ¢! -'L_ (/l/)

Ice Sheet
Dynamometer N
Dynamometer

(resistance)

(rudder force)

Fig.5 Experimental setup
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Fig.6 Resistance in level ice, Rr, and resistance in pre

-sawn ice, Rps

coefficients
and Froude

Table. 1 Comparison of correlation
between nondimensional R,

Number
Y axis and X axis Ship A | Ship B | Ship C
Ry/Rs, and V/\/gh 0.625 | 0.434 | 0.593
Ry/Ri, and V//gL | 0.802 | 0.648 | 0.772
RyJosh? and V//gh | 0.888 | 0.729 | 0.885
Ryfosh? and V/\/gL | 0.949 | 0.829 | 0.962

Ry = \ﬂTIB2h3g(pw - pi)
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Fig. 7 Comparison of non-dimensional icebreaking
resistance, R»/o/h* for different bows
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Fig.8 Relationship between the stem angle at contact
point, ¢, and icebreaking resistance, R»
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BAOAEED, kEeREOEMEr SBRENELT
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0 il 1 ! 1
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Relationship between R./o-4*tan ¢ and Froude

Number V/ (gL)*.

0 10
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Fig.10 Relationship between R,[N] and a/%° tan #[N]
at low speed (V=0.086 m/s)
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crack the waterfine of ship bow 50 T : ! ! !
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a0k -
=
o
20 - =
: ShipA +
unit length o Xi' .
e s 1 crack width of 10 | + * gg:gg ; y
total crack length par umit length forward direction
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o L2 ! ] ] ! !
Fig.11 Icebreaking pattern and broken ice piece size 0 200 400 h%(l)o[N] 800 1000 1200
O ey
: . : . : Fig. 13 Relationship between R,[N] and ¢/%/.[N] at
16 - 7 low speed (V'=0.086 m/s)
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Fig. 12 Relationship between /,/B and /.,
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4.2.3 MREMENA LK/ —
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FAEDES L, BWHICE D HETHADORKIE L d/NE
(BBEEZOND, ¢ 13, M BTISL, WA, C
TREVDT, ETHEORIKE Lo 1 IM B TKRE <,

Ship A and Ship C

Ice axial compression by force
from ship body is big when
stem angle at contact point is big.

force from

bending ship body

reaction force  force
from ice sheet

Stem angle ¢ is small

ik

ShipB
Ice axial comtression is small
when stem angle at is small.

Fig. 14 Comparison of ice axial compression between
Ship A, Ship C and Ship B

ME A, CThIwEFHETES,

b BEAETOXBA L L, ZRVT,

loz=1lp/sin a (12)

L&EDD (Fig 1688), sHIL: L L e b b E
», tan ¢ TEET L L Fig. 1518 %, e ld, BE BT
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¥/, KERA a1, M B TKEL, E A, CT/hE
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DEMEAR 2 L Fig lTERB->TEBY, ZOI ENERT
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40 T T T T 1 T T T T

E V=0.086m/s _ 18 V=0.086m/s -

= x = N

= %er ] s 15 .

) X
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508 24 - x . S 1
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S ® 2
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=
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0 0.2 04 0.6 0.8 tan¢
tan¢

Fig. 17 Relationship between tan ¢ and /,[cm] at

Fig. 15 Relationship between /sz{cm] and tan ¢ at low low speed (1/=0.086 m/s)
speed (V=0.086 m/s)
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