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ABSTRACT

This report is a summary of SRI research project entitled “Study on Performance of a Small Patrol
Icebreaker in Ice - covered Waters” . All parts of the report are quotation of the original papers which have
already been published.

One of the purpose of the study was to provide useful data for the technology of design and operation of
patrol icebreakers from the viewpoint of performance in ice - covered waters. Another purpose was to evaluate
and develop the technology of ice tank test method for performance of icebreakers.

Model tests of the patrol icebreaker “TESHIO” including basic experiments were carried out in the ice
model basin in SRI. Series of model test were carried out both in ice and ice - free water. Results of the model
tests were compared with the trials and evaluation and development of the model test method were performed.
Full-scale trials of the icebreaker “TESHIO” in ice were conducted at the Sea of Okhotsk. In the trials
continuous ice-breaking, ramming and stopping performance, turning capability and zigzag course
manoeuvrability, and coordinated ice - breaking operation together with the patrol icebreaker “SOYA” were
performed. Measurements of thrust and torque of the propeller using strain gauges attached on the propeller
shaft were carried out. Measurements of sea ice conditions including ice thickness and concentration were
also performed.

Results of the study are as follows. Useful data for design and operation of a patrol icebreaker were obtained
from the model test and the full - scale test. Quantitative correlation between the model test and the full - scale
test was shown. A model test procedure with new concept of the ice effect factor was developed.
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a=30° 10.16 0.417 0455 10.293 0.329 0.130 0.165
0.32 0.334 0.454 |0.273 0.376 0.136 0.153

0.72 0.195 0.184 [0.120 0.145 0.116 0.930

21.2.2.1 Side Cut lce hNDEEH

39, EBRBOKEOESLOBELASEREF12
R L7z. BITBRESEKATELEML2E (DM) &,
EIEHEE S HEE L2E (WM) 27RLTWAD, W
FiTIITE B L T 5, #HER o PEREREEEIC X
HLOfE% (19) RTHEFTLEL=0301TmThH b, E



ARRRBURBTSERTIE  4534% %55  (FRIE) BREAWMS 75

Estimation
O Rs+Rv+Rs Re=12.5N (Simple Cantilever Beam)
A Rg+R/+Rs Rp=18.1N (Semi-infinite Beam on Elastic Foundation)
O Rg+R+Rs Re=40.4N (Cantilever Beam on Elastic Foundation)

A Rg
Heave Fix
120 120 F Heave %
80 | 80 | :
=3 = Measurement
= 60 |- = 60 |-
n] o o u]
a0l ® a0l u]
A
20 |
Ri Rz Rs Ra Rs Rs
120 120
100§ 100 &
U=0.32m/s U=0.72m/s
80 | 80 | - .
= = o L
= 60 | = 60 |
o n}
[m]
40 | 40 |
20 | 20 |
0 Ri R2 Rs R4 Rs Rs 0

1R234

Re+Rv+Rs for Ri,Rs,...(Hump) Rs for Rz,Ra,...(Hollow)

2-15 IEPUREMEOFAE L HETME (« =20° #F, Side CutlIce)

(263)
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Estimation

O Rs+Rv+Rs RB=18,7N (Simple Cantilever Beam)
A Re+Rv+Rs Re=27.1N (Semi-infinite Beam on Elastic Foundation)

O Re+Rv+Rs  RB=60.4N (Cantilever Beam on Elastic Foundation)

A Rg
120F 120F Heave Fix
Heave Free
100} 100} \
U=0.08m/s U=0.16m/s "

80

140fF o &
100} U=032m/3 120 |-
a
80F o s N 100 o 5 o
Z&m.. Z 80 |
a a 60 |-
40 °
40 |
20 & o0 L f

&

3!

i1
Ry Rz R

i

o L | | ]
R, R, R, R, R. R,

Re+Rv+Rs for R1,Rs,...(Hump) Rs for RgzRus,...(Hollow)
B2-1-6 EPRBEOFHAME L HEME (« =30° #E, Side Cut Ice)

(264)
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Estimation
o=20" ,L=0.4m

(x=20° ,L=0.2m
a=30" ,L=0.4m

opo

RSl o
i I 1

(e -
Measurement

U=0.16m/s

a b
i L fiag I

Rs R4 R

R

Rv+Rs for Ri1,Rs,...(Hump) Rs for Rz, R4,... (Hollow)
2-1-7 EPUBERBEOFHE & #EEE (Presawn Ice)

(265)
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ERfEIZIZIZC OBIZEWEZRLTWAD, MEU=
0.08—0.32m/s TETKZDTH 5, U=0.72m/sDHE
OEBEIIP R VNS REER LT,

AEf a=20" £30° DKEAIZDOWT, R, Ry Ry, Ry,
DERMBLEHERNICLIFEM/LZ LB L TENENR2-1-
5, BI2-1-6 1R L7z EIHOHFITH 25 Ry, Ry, K LT
FEHEMERs E R Ly ILICH 75 Ry, Ry, 408 L TIRENE
fERg+Ry+Rs (¥—21H) 2R 7z,

Pk PR D ¥ — 7 Rp % 38 0 B HE 55 O R 141620
TEIE L. EEER), Rs,,,,, LTV BE A, Z2mfiEs 2
HEROMED RS EREITNMEZRL TWAH, BIER LD
B ZEEOMEIZRPRED T, MR EOEER
ZHHOEIFIARKTH L, 2OFX v v TE#EELED
FIERPZHFOKR BELOESEREL VRS DHTH - 72
BLEELTWLIDEEZ NS, TRHR EOZH
FROENEREL Y REDOERERLAEL, EEOR
A, R OREEZWHA L TWiREWEIZRLEEZ LN
%)o

=K FEINC X BEHUR G Rl 2 Tid, Ry, Ry,,,, T
HELE NS S, HEEEME & EBREOMIIZITIZEV,

Heave Free & Heave Fix ™3\ IZH L TIE—iRAY 2 @)
FR SN o72,
2.1.2.2.2 Presawn lce PDEEE

Presawn Ice P OEEEDFITFER LIEEFEOILE %
21-TWR LT BROBIZH 725 Ry, Ry, 124 L TIEEE
BRsZ/R L. WIZH72B Ry, Rs,,,, W0 L TIREIEMERy +
Rs (¥—71l) 2R L7z, IEHERKFRLIKEVE,
NARE A a WREVWIERBREZEZRTHN, GTEMEL FH
WCERMBICOENTWS, ReDHEFTEME (HLSKA
H2) D) LEHAEEDOER, Ry, B H_THD L, —
AL VD, Ryt RsDHEEFHEME LFMEEOIUR,,
R, B 5 L —H DBV, ReDEEFBEETIR VKR
ERLTWED, RyDEFHEHEICIIFEEIZEN TS
DLBEbhs,

213 #&E

PokEPLOBFE LB T 5HE%BHE LT, 20OE
Bl OEEERTHERN T HW T, EEBELOICER
Nz EBRIIGTEAMMEEEE v, f4 OROKIRRIT
L 72 B RFHEHETAE 2 570, B o NIk n@Y
‘/G\al;)éo

KB DTN L BB RIS L CldiEEsTEE L
EEREOIIE T L v,

KA OEENC X BIEPUR S RyICE L TIIEESTEE L
Presawn Ice B D EERE £ O—FHE

KA EWIET 2 FIC L BI|PURS ReICBA L Tid, &
Rt R OMED R b EBEIOE <, MR LoRERG
OEIZEBRBE LY KEWEL R L2, BEE Lo FRRE
BRI X VRO 7ZEOKAELOBEIIEREISE VA, 2R
NERfEERR LT,

(266)

ok

L

2-2-1 BodyPlan

0

2.2 BEHERIC L BKPHEEMBEDHARE (5]

REEZBVWTE, BICERLLTESESN, TTLE]
Lt SNTz A R — 7 ki O /N EIRoK KA AR ORI
BRIZOWTHET S, ZOMIAMEOIHE 2T DT,
BEOEMABRIIZOMTITON, 2T, FfoKk
ARHEEMERE O AMERERICE L THRETT A,

BT, kP OBEERABRIE., BET EENHEERORERE
LT L2 IEEVEWE D 5, RTI2BWTIL,
K O TR 2 LTI ER & T L ORI BRI 125
REELIEEFAME LT, KDEMBEOHBMEZOHES
A REL & PETRAR I B L TR EBRE B & ET L 72

2.21. EBRKEE

HHIMOBEEEIIBE 34 EDFIA]1 RUPEISENFESS
THRLTH A, BRIIEI2EDHI2-1ITRENRTWS,
Body Plan % AKX 2-2-1 1278 L7z, HEERLY 7 MFTE
¥y F7a~s (EEIZY v F10.900) T, 28248 (44
mY) TH5,

EEE, TP RUKPICBIT HERBE R R EELS
FREEEZ ATV, HEMRE R BT L2 T 75 Ly
7 b ROH R TH B LA LTIT o 720 HEEROH
RIS, HEMEEDS F— 7 2R L TV,

Tk OEBIT =R 2 AMABAEICB VT, KD
EER KRB IC BV TT o 72, BAEDKIZ 70 ¥
Vg a— 0.6 %% KEKISHEMLIZPGRTH D
HREBEEHTAHEKTH 5, KO HITHEE O HIEE
13 36kPa (EEREFOMEIX27.6-47.7kPa) . FHKDE 213
28mm (26.3—27.7) K UP51mm (48.0 —49.9) THh, =
NS X EMBE THTEE 392kPa, K/E 30cm % UF55¢m
W ARIET 5,

2.2.2. EBHRHR
EHRERIIM, Y2 —E—2ARPELTF— L EEEL
T2RBETAT o 720 BBRIGTHEK S, Fok i R OFkh TfF
2720 FOKPEIEREBROGKIREIL, FHOKPREER TR



