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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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0.72 0.195 0.184 [0.120 0.145 0.116 0.930
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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)
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1R234

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

2-15 IEPUREMEOFAE L HETME (« =20° #F, Side CutlIce)
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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)
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Re+Rv+Rs for R1,Rs,...(Hump) Rs for RgzRus,...(Hollow)
B2-1-6 EPRBEOFHAME L HEME (« =30° #E, Side Cut Ice)
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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)
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F2-3-1 WRITEIZ L BRER

J Identity Method
Ice (cm) ship ( kt) N = 1-t= 1-w= = Qi/Ql= RiRI=
30 2 0.7815 0.7509  0.9608 1.8827 0.9008 1.6960
30 3 0.8923 0.7920 0.8876 1.3473 0.9012 1.2142
30 5 0.8811 0.8003  0.9082 0.8828 1.1109 0.9807
55 1 0.9843 0.8870  0.9012 0.9060 1.0949 0.9920
55 2 1.0866 0.8896 0.8187 0.7753 1.1290 0.8753

R Identity Method
Ice (cm) ship ( kt) VRS 1-t= 1-w= 7= Qi/Ql= Jilll=
30 2 0.8718 0.8049 0.9232 1.8132 0.6376 1.1561
30 3 0.9164 0.8089 0.8826 1.2523 0.7978 0.9991
30 5 0.8783 0.7979  0.9084 0.8766 1.1273 0.9882
55 1 0.9829 0.8868  0.9023 0.8965 1.1028 0.9887
55 2 1.0784 0.8857 0.8213 0.6967 1.2745 0.8880
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REITHCTIE, EMBBIC L BRI E LT, K
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— v 7 WPKINEE ., FORBREAS [T LB okhiif
fie, BRI [TLB) 1802705 kTl
oW THIAT %o

34 REM (2P ICkBFF—Y7ipkiREa (6] [4]
AR MR ZE AT CUERARAR [ 9 ) 12X D 19904 X
DAZET F—Y 7B AKBERER*ER LTS
FOEBETIIRPHATEROFTM T — 7 & L TRATIERD
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SEHE
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o TONBRBEEICHEROE, ELHIITELTWS
DWHIRTH A9,
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B3-12 VIRAAZ - kvT7A27

311 95 % AFEED ETIRME

h i U+ U-
[cm] [cm] [cm]
10 2.05 2.13
20 2.34 2.63
30 2.76 3.30
40 3.26 4,05
50 3.89 5.82
60 4.49 6.86
70 511 . 7.92
80 574 8.99
20 6.38 10.06
100 7.03 11.14

TN b ELRERV, ThbHKBEREENS
B RITIUE, KBIIESRBICE o THERE N A L9
12720, KEBEOWIEIRI ZHRIIERT T4, F/KER
HEHMEL D S/NSINE BT EE LD LIETNKE T

BICED, MokBBOREIREINIZ (b, ThbbR

EHIFEIC L 29 7)) v 7L — MIREBERERE LOKER

RIZER R T %,
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FECEINIFELRHEEERICE,

(DE=% W LESOFHAL VEEE

KSR O MERAEDEE (0EP» S DRZE)

(R REBIZEIC X 2REME & VIRY A 5 O BZESIZ X
% FhsE

(OEBEHOFTA L WVALBESIC L 28E

B E=y—EELESZKEHRET 2BORAr—) v 7
B
BHEITFOND, TS DEEL RED SHENOTFIFIH -
TEEI L7, RO S N7295%DIEED | TFHRE% 3 3-1-1
IZRT o 95% &35 EE S PR IIOKIE OB INIZ fE - CTEF I

CER94E) BawE 85

L. HE20cm TiE5em#2E, 50cm Tid 10emiEETH 5,
BT EOBEI P E L L RBWRITFLBECHL LS
X>. J: 5 Q

BB, THEIPSIFTFCEINTVEEERE LCOkE R
DEEOHENBTONDG, LBHHTLVWREB S 55
B RERIEE ZNIHED REESOBICHET 254
HELLZVBEOWMGOr — AHBEINS, DT Ol
RTINS EZRAL TWiwn,

31.2 EHRERRUEE
AREHINIFELIA T2 52 A LGIcirbh s LM%
FTATE ORARM [Z 9 ] FOokMEMOBES 2R L TER
L7zo COBHNIFRINER T 2 EICIZITTIE L TWS,
19914E A5 1994 FFITH T, ERI4AMICHA D ERL
REHAEROT L0 EFEIL2IZT T, 19954123 FED
FHI A FHE L7245, RIS S R AR ICEBTE

#£312 EEBERTLD
Data No| Date

Measured Location
Latitude Longitude
9101 | 2/13/91| 44-27:44-51 | 143-41:143-56
9102 | 2/14/91) 45-00:45-15 | 143-30:143-51
9201 2/6/92 ] 44-55:45-00| 142-42:143-10
9202 2/7/92| 44-59:45-06 | 143-15:143-26
9301 2/5/93| 45-12:45-18 | 143-04:143-21
9302 2/6/93 - N/A N/A
9303 | 2/10/93 N/A N/A
F 9401 | 1/26/94 | 44-40:45-27 | 144-35:144-59
9402 | 1/28/94| 44-17:44-25| 143-18:144-08
9403 | 1/29/94 45-05:45-20 | 143-12:143-32
9404 | 1/30/94 N/A ‘ N/A
| 9405 1/31/94 | 44-20:44-36 | 143-10:143-24
9406 2/1/94| 46-21:47-09| 144-38:145-45
9407 2/2/94| 45-00:45-34 | 142-37:143-11

Data No| Typical | Concen- | Data| Average
lce Type | tration [%] | Size | Thick[em]
9101 | Ck,Cs,Br{ 80-90 363 32.6
9102 | Ck,Cs,Bri 60-80 300 25.8
9201 Ck,Cs 30-50 62 20.7
9202 |Fs,Ck,Cs 50-70 595 25.8
9301 |Fs,Ck,Cs| 90-100 | 582 47.7
9302 N/A N/A 242 37.0
9303 N/A N/A 102 42.2
9401 Ck,Cs 70-100 80 33.0
9402 |Fm,Fs,Ck| 30-90 777 33.7
9403 |Fs,Ck,Cs| 90-100 | 634 35.8
9404 N/A N/A 130 32.7
9405 N/A MN/A 42 41.2
9406 |Fm,Fs,Ckj 70-80 852 43.7
9407 |Fm,Fs,Ck|] 40-100 | 942 42.1
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28248 |16:58 |45° 227 N,143° 10" E 29 303 Type C
2H25H |10:15 [45° 227 N,143° 10 E 17 195 Type B
2H27H ]10:20 |45° 30" N,144° 02" E 58 331 Type D
2/278 [17:40 {45° 31" N,142° 21" E 32 249 Type C
2H28H |08:20 (45° 317 N,142° 20" E 30 226 Type B

—7., BRICE 2B F— 7 HIEEL L b 0miE)
TUEALTHRREPEBONIFEND Y, HEIEEZAT
I LR E S TEFAFHINCEHRTRED BWEHIER %
BAZLDMETH S, EEBREICE S NIKEDFHEE
rEFHENE BRBAERETHRE L ERYRI-3-3I
R, MEFITIF—F L TV EEREOFH LRI
KEBKEEGZTWE, ZHRIIEFFEIC L AEH0
B, EROKELENEFHET 2ERN D E7:DTH
%9 [61s
3.3.222 KESGHODRERE

KIESAE T AIFZEE) & L TiddbimiEnk Bk % x4
LI EDP S {frbNhTw b, Wadhamset.al. ik
Beaufort /DK LR D keel i3 & T U sail & & DWERFE DS
KRB 2 & FR L7 [24]0
p)Ah = aexp(— fh)Ah

SEDEBRTELNIETOKEFT— 7 26RO 7B
HIRER B E DA % X 3-3-4 1278 o KIE 40cm Rk D 5E T
AR EROBBESHTEAONL I LD bh b, 2D
&P O FIR DS L i Type DTH b . £k
HDWIEKERE DK AL L 7ok BICHY T 5, &aids
HOBHEZFOLELD LD, WBETRBT HKERE
HRENDEZZHN., KREILZKEBOKESHIERED
@A % 7R 2 &R THERBEEY,
3.3.2.3 EBREHOEKETEE

F£3-3-LIIKYT ¥ T OIRE ICIETIRE OIS
POMEEE N HITEEELY AT, SRIOFHITIX, KE
Bl A B S TR E T o 2720, KT v TV OFREL
FHINE AR TRNCE & F o720 LA LD, Type A% B
CHKIZDWTEFNFNMITHEEOHREZIT o TV D720,
AR OEMBREBEOXTRIFBRIB T ZROBHEOMEL M5
ZEiETELI,

LEFITIR, R0 [£9 ) EMEBROBEESICZEET
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B13-34 IRIEDHESRERE 5T

ABRIC L KO MIFRERTN E ZBAToTwaH, Th
HbORERIEASEIEE L HITEEBELBR—HLTWE
(F3-35) 0

3.3.3 #@E
SEOEMBERILZ, IhFETO [Z9 %] EMEHTI
BoN o7z RE K, BN —HLKE, MRS



AARERTEPT IS 4534% #6555

PeE b o ZZEINIOKMTERT S, BokivoBEAR N 2k

RS F BT B 72O DNR—AF— ¥ L 577,

500
o
EAWO-
o A
A
~ 300} & A
o 3
pi X
al 200 =) 2 8 A
H O EEFMAR ©
100 @ kEHBHE
A H#EE@E
0 ] ) ) ] ]
'92 '93 94 '95 [ 96
B43-3-5 SAEM DK TR
#34-1 [TLB] 0xEH
Principal Dimensions Ship Model
Length on waterline | m 49.0 4,500
Breadth mid. m 10.6 0.973
Depth mid. m 5.0 0.459
Draft m 3.3 0.306
Gross tonnage ton 550
Output PS | 1800X2
Propeller diameter m 1.95 0.179
Number of blades 4

3.4 FEHKESKRM [TUB] OkapiiTise [12]
FREIZBVTIFOREEMR [TLB]) oRkbiifrita
oW TEBRRRELZ T o6 20RBIEA ICOWTHRET
bo T, BEIEEIC X ZEMREBDOHETE., ENEONE
FEIWZDWTEREZMA 72, BkBKHEM [TLB) 0EH
FERIAUIIRT, 2070774 MIZHS21IZRENT
Whe

3.4.1 FEMERBER
3441 B =
BN AR ORI BRI & kBRI X - THER
ENBHENL VDS, REBEHE HIEE500m Bl E oIk
B RLTHEEARENE <. FHERKE Vv /ciEiisE
BLOREBMHOLETREDT— % L o7z, EEREBEHO
IR UK E R R E 33 FICTMENEY TH 5,
AEMEBRTTOLNHBEEIUTO®E) TH 5, K
PriE MR RIAR TILTFHDOR P EEHATAER, FHk R
EHHEB R T I v ekl e, Rt BMRoOEE T

CEFR9E) BEHE 93

PR ERIREE R CZ e T . &R0 E
HE L THmHARORMITRS 2 £l L 72,
3.4.1.2 FIRKDPEERITER

EAERKES5ecm DA BT 2 #500mEE L. EHERH
i AHT (MCO) D 1/4, 2/4, 3/4 RUS4/4 D 4 BEFEIZ
RELTED, FRENOFHN*ER L 72 O DHREIZ
4/ 4BV TERERY —FEE L. CPPOEMLFELT
fThhiz, EITIZHEWE GPSIC L 25 26 H L7275,
AR TR X B HAPREN 2 F e, T2 EEE NI
EERE 2R L ES M EB ) ICRET 5 Tk, S o
NIEIZEL T — T 2B T T MV 2 OFHIE ATV,
INDPLENEROLAFEOL2EEEYER L. BEIZL
BHEHAAERIIEISEICFHE LV, AR TIRAMEIZLLE
FHEEMEE 225, MPEIC L 2 FREENIZ R V—
BERL7z

FHIEE R, LB LN [TLB] OEFRKIERE% ™3
4-1ICFRT . HMOMENIKBEOFIYKEE, T /- #HiwdFE
BEE T ENRFEL, EHIZL1/4, 1/2MCO EERAEN
(NSO = 85%MCO) (=BT 2 MEEEMEETHL, Zhd
5 [TLB) EREABIC L Y RO SN EERk Ik
WMELTWAZ L, T4bHIKESem DHKEEE 3knot T
HEEEOKMITTE L Z Db h 5,
3.4.1.3 TRKPEIEEHER

SPHOK B EMATRERAR TR, BEELEAEEESL,
EARICES T TOEMR URESLEHI L 72, 7272 LIEH
BREEIZIRARIC X o TEHII L 7=,

SRR L F I B AR OMEDOBRE R 3-4-2127R
Fo TR LEBOMFRIFEEKELERT, Kb TIERII
EARMAEE—A Y NPEBT 5720, BEBETOEE
BHRBFRELIERELVELBARSBOHEIIZIZ—E
THolzo EERKED KB TOEBREEIIKEF—EL
T 5 L WEREO RN THEBTE L Z LI o,
3.414.4 T3 TR

K2MMBEOMEREZ ABBOB D TEE L -2RICEE
KB 75em QKR ICEE ¥, BEREL T oL,

10

|
1/2MCO §
8 % NSO

N\

T 6[1/4MCO N\ \\
> 4
2 ‘i:JP
Design Target
0 |
20 30 40 50 60

h, [cm]
3-4-1 K IERE
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Vs [knot]

342 SPHRHEARTERE

MR R OEHEMOBNELFH L 72, HE0KITITIZ—R
ZRILBEEZETHFHEKTIER L, MERKRIEL
DEoTNYEY 7L L7zRIRDO KR E VR BIFOKBEDH
L:%@T‘E@b:ﬁﬁbfio

IV E AR RBEHEEREOETOBEY
B-3-4-312R T o 7272 LEPOBFIZFEHKE (cm) RO
Z AR (knot) % F#7, 2 ABOAEIL4 ~ Sknot D
HETH o7 I WAEMENVEY 2L L -FHKE
75em ORBIZERB R IITEATS LH—MEEET
XL Edbhroil,
3.4.1.5 FIRKPIEE R

FOREBEHR & ) R OEA—E CHEES) S ¢,
LR I USRS 2 BHAI U 72 BEEIMBRIE GPSI2 & - TEF
BIL 720 KR TIIAEDEE L Il BEBZRNT
KEEBIERIE TRV, FITHRERAIZIyr— AKX
LIS E L7z,
FHERO—BE % £ 34213 T, KEA 23~ 38cm D
FKBRCREADVIEEDORIZT AV ARMEDH T,
TEEIEIIMEDOR 113G L o 72, S HEOENEED ST
FEEERE OB RIS IO b2 o, 20D
EEBEBBTOERERLLETLLET FNYADH
1445, HEEESH 1665125 5,
3.41.6 FiHKZIEREAR

Kok#EF % EHEH D —%E TZigZag e S ¥, FHiA.
MARUIES M L, 7272 LM AR U EADE
BARMERERIC L > TiTo 720 ALY — A %KX 10
FEL L. WFNRbHEAER D 5 L7,
FHERD—B 2 R343R T, VEZRETES K
TR K 13I8 T0.69TH Y, BEBIHTHEE
BRI TI%REERT LA, F—"—3 2 — FEIZWw
THOTr —ATH BN SV, KD ZEERBRIIBEE
B AR TERARGEIE TIT b N B 72 O MR DB A5k I7 12
BRTREWZ kI BbNs,
3.4.1.7 mERRIKHITHER

U T HEB R KB OO TFE S 5 7290 IR DA
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75/4.3 ©
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BHP/MCO

B134-3 T3 2R

BRZATIBEIC2EORKMEFOFBRICEE LA+
L—=2a P iibhbl edldb, MI44IZRTEIIC
[TLB] % [F5%] OoftoBFICEE LWEMHOMER
BREREL T FEERKMITZITV, 2MOBHICTE
BHEKBORRKET [TLB] OBHEREZFHIL 22,
2RROMIBIRL — ¥ =12k o TR,

HEFERE D L ITKE 46cm DR B ITHE L7 E 8
BHLAREESEOEFRET RO L &, MEESES30mE L
72HA . A—AmECHMBR L 2B A IS THREE NI
12 TFEH 72020l LA L7%&dS 20 %5 ICTER
NRKBIZI BN REKBETEDILTBY, FEHAD
MBEER L VIBEPL I 2HROMEL & S5IZETIT L0

F3-4-2 Pk A e RERAS R

Rudder | Ice Thick.| Advance | Tactical
[deg] [cm] /L Dia./Ly,
158 32 6.5 12.9
15P 23 6.6 13.0
15S 27 8.7 12.0
15P 26 6.8 13.2
158 31 7.1 13.2
15P 38 7.0 14.4
35S 30 6.2 9.7

F34-3 ZHARBAE R
Rudder llce Thicky K' [Overshoot Angle

[deg] [em] ist | 2nd | 3rd
10S 33 0.65 | 3.0 | 0.5 | N.A.
10S 33 068 |1 051 1.0} 1.0

10S 31 0.75115] 10 1.0
208 31 0.76 | 55 ] 20| 55
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3-4-4  THFRBORMATHER

BhH L, EEOTRABER T 2Ry V-2 3>
DEMELRIET 7205 BERE T — ¥ OERIUVE
ThHiHEBRDNS,

3.4.2 HEERICLIEMBEHOETE
3.4.21 HERE
R & — AR CEEMAT T 2B EOHERE ()
PRI, FATBEFRBER 7O RS
BB R E AV TUTO L S I2R5BT 5,
EHP _ RV,
ﬂ=m5%i

= TOVO (QO TOL VOL ){QOL I; Vl )(l—t)
2mQo Qo To Voo O Tor Voo

NroL1 NritoL
= Mo o whroy |
-t 1-1¢)
=NolMroL10) (1 Sl W )(izl; o 1 ?R::’/’;L;L ) (i - t;();L
AYAH PN
Ri =(1_t)l.];, ................................................ (3’2)
T2 FL OLRTTORFNFIOKFREE, FAhbBER
REBER V7O HRBRIZ L > THEoNbsZ b r, T2
OL/O%nERIF2EEORBEEOESHIZL > TE
OOND T EEERT S,

(3.1) RNAMHEIRT T O ~T HMghEE, 7282
HFEHERBADOTORTHEEOEE YR T, £3H
F3FEK P AR L PP EAFRBOEZEERL, F
LLoke7Tang /) ANVoFBEoEELET, (3.1)
RESLIERTL L,

Nr(oL10) (A=) I MreiroL) ]

n="1pl
© (1-w)iso)

(1- W)(OL/O)

CER94E) BEHE 95

=ToL oL -~ (3.3)
b, RRELUEMERERZ L LI (3.1) Xboam
BET RN TE 272091,

(1=1); = (1= 1), =0.888 -coverrererrecrncinciniianas (3.4)

I-wor0 =0.817+0.2477, 35)
1—w; 0 =1.149+5.925 exp(—4.755F;, ) )
NroLio = LO00 (3.6)
MrisoL = 0.866

(3.3) RIEKFHATHEOHEERII T ORI HEED
RO LT SUHIEERE (hOL) 12, HEER L KOTHIC
X 2BE (hi/OL) 2725V EERELTWS,

— IR PRI B I RDK & ok OKE, BIZE
TDEIZEYRETTRT /) ANDOFIOEEL BREF
i3 2B A % [13]c EMOIEEFREUIK IR EBRGE
B/ EN-hi/OLEZH5E4L, hi/OL=10H
BIZHHDT, hi/OLIZHEERBISH T IREFEL S A
PRFWNRT A =L BTN TEL, BEREHICS
VBRI O RESET 7 0 RS MR B R R AR
KEEINTHEDNE Z WS\, 7277 URMETIIER
EMOMWRI P BN E W0, Tho 2EE LT,

REIZBITLZEMBENEETECIRHOHEL A
720 REOFEIIZ., IFESHOBE»S, T2, &
23BOHBITEZFEDON TV,

3.4.22 FHEH

KRR BE R A TUToEBR 2 /ER L,
ERROEI CERET)) ZMEE LIz, 772 LEBRFKROH
LB 2.2BBICEE L\,

i

= ao + alF}, + azcn

pwgBhiz
........................ (3.7)
g
F, = Vi c, =-U
ghi pwghi

7272l puldROBE, g 3ENMERE, BIIMRIEE Zh
EThERT, Boh/-BIRFEKIT a0 =6.3618, al = 2.5172,
a2=—0.0153TdH 5, KFHOMITHEEDBE4*FE T4
EIWEDRI PRI > TWBHDI, BEMOEITHE
EmEiE el (EMNHEE392kPa) TEICER LT
WASHTH5D,

(3.7) RIZEMMUEEZRAT L LT X - TEMRE
PUEEMEE RO, BWENZHE Lz 7277 Lok
FEIZ392KPa & L7z,

3.4.23 EMBHOHTE

HERE y o 2 KPEMRABERPLORD G L,
Ny =1& LI2GE02EZ RE L, Fikh % #EHET
BT T B0 ERENOWE LT o720 RBMZROH
WANEE 5432095 & L7z,

3-4-5 13 FEHEH 1 1/2MCO 12 BT 5 BBk TR O
R EKEDHFRERT, ZORPD 5,2 EE L72H
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(1345 MERIERRIC L 2 EMEHHE

ERBE AL L EMOMER N ¢ LB R WRE TS
TELILENDDD. —H pyq=1& LI2BEITEE—H
HECTHOKMATTE BKEMEE RIBISBAEET S 2 LR
ENTVD, 7272 UMEDOKEIHT 518 S 3 HEEHRO
FWREV, TIUIEREERIC L S EIEOMRITTT S
FHEEF BN 2R RBEL T2,

3.4.3 EWREROETE
3.4.31 TEMERRICLBIEROETE

ME CREERBIIHT IREEEICOWTER L
B BRHES, ThbEKFIENORERE D EELE
BRETH D, FIROBERIERRFN CIIERIREBICEEITH
o LIKE MR EOROBEEOEMLHE 2 I 2 L —
FEAZERBOTHETH S, (o THEEERICL AE
MORFEIOWEEBE LM LT 57001203, BRRUE
BROK BB 2 ATV E OB ZHSL 22T 5 2 L8
ERRBEHNIEOK P RAEERIC X 2 EEEH, @A
A FEHINC X BEEIMT LN TV B D EHAEE B ET I
BHENDH D, T THFHRFPEIENRBEELZFHALT
EMEPLOHEE & A7z,
BRERERETBR L2 (3.7) X6 0EHICL-T
EROKPEIUIMED R TEAONB LIKET 5, 2
DEILE AR BT 2 st oEB HRERILRA T
HEZbNb,

(m+m,)%+(Ro'+R,v)=0 ........................... (4.1)
dv
ph +AOR+A1v=O .
__ Ry A= L eeereeseeseeesanoanon (4.2)
Ao m+m, ' mtm,

(4.2) R LARRIRATEHELLNS,
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Fitted by Eq.(4.3)

Vs Corrected [m/sec]
N

.....................

0
0 20
Time [sec]
B 3-4-6 A s Hhat
4o 2 w3)

V=00 +Zhexp(~A) =70
fEILTE TR BRI GPS I X o TEHI L 72 A = il
%346 1277 T, BEEIKBEDOTEHKEIZM4ecm TH B, 72
72 LA IRV GPSEBOHINICIZFEILT 4 vy =28
HBENTWEDTHEREIT- 72, FHMEICIES D& 0R
LB, BEHATOFEFRICINITERERTHW
GPSEEDEHIZEZE D rms 12 0.2m/secBETH 5,

GPSIZ X A st HE I TH b, HEOKBOEREE
HEENL, BEBBOKBOEREZILREIEKTET S
A, BEOFREEIC LT EYTO.1m/sec, AT
0.3m/sect2 & L ME I N-FI0H 5 (28], & Z CTHEEIE
BRI E N7 GPSHRE L ¢l % F Vv ORBOEERE
DIBEIEE L 7o 1BIE S N-AGEMEITRRIC X - THEEIC
Al SNz E BVW—HER L7,

MR ERE T (4.3) RTREBERSHEITV. BHAOR
CAl ko, EMEREETER LA, 22 LANEE
(mx) BMEEED10% L L, BURSEEIEMEELRREAS
SEEDPSMFELEEETE L, OREREM346105
T
3.4.3.2 EREROETEE

EHKIE 3dem A 5 39cm D 3TEIH D RIS B EMVIE
HidEE (Rss) ZHEIEERDS OHEM (Rsm) & HEk
L7z #EREH34-7T RURI4-8ITRT,

B 3-4-7 & 0 {3 1L JI A BREE S H H M L 7 HBUE DR
BARGESETIER D S OREHEICHRTREVWI L5
5o KIEHOEEMREMRIEE L L TR ORI @EE
ROETIGERS %, EBEHICEHEINIBOKEORE X
BHERIERED FAKE WA, BEIEER CIITREE R Ok
FHEICEARPRONZ DI L, EMTIREASINE W,
> Ty 5 Ventilation |2 & 2 BEEFEIZEINILED
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200 7 - I
Rss Rsm
—[J— —@— hi=39cm :
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Vs [knot]
B03-4-7 EfpRPifEeEo kB — 1
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L o " O hi=39%cm
50 foerf A A hi=37cml|-—
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348 EMIEPHEEMO LE -2

FHHEKEL BB ETFHEINS,

RIZIA2FECTRHA LI ERENHEEAF -2 2o T
Z - ETIRERE R 6 RO - EAETUEEE OB E OMREE
4T o 7o B 35em DRI LT 2T O EMEHLE
FHWCENZHELFEREEB L (M34-9), 7272
LIEEREER—L L. o2 BB LMET HV 7z, &
IHEHREEE R D O RO - ERIBPIEEEL AV /2B
EREBRIIRAIER A AW EE IR TERERFER L
BL—H L7z TNREFEICLZEEEZOFENIEL R
BLTWwWHEBDRS,

LA LBRASSRFEIC L 2 EMEBEPHEEICIIBERTO
ISV, B AT RREE KRB OEREEDIBEEED
BRI L o TRURFBRHOZEB K E (. EIHEEMEICRE
LEBEE 25, F/-GPSEBOETNMAEIILIEED

CE9E) REWSE 97

1.0~ @ Full-scale Stopping Test
A Model Resistance Test
0.8
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E 06
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s 0.4
o
@
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0.2 i Y
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0.0 0.2 04 0.6 0.8 1.0
BHP/MCO (Measured)
H3-4-9 2fEFEOEIEEE L A V7-BHEEHEROLE

EHTERVEEERO—2TH b, AFHEIC L BIEHH
FERELRITTH7-DIIE I N DEBIIOWTEENIC
£534 5 L & 112, Differential GPS O FIFH % & o 7-EH
DERBENIPLETHL LEbRL,

3.5 RKESKEM [TUB) KB 270N EXDOTHN3)

WU % AT T AT, IREER TRk L=k a8
ONRFIHETLAHBIIHEBEIIREL, HFEOETDIED,
BEE LT TuRTIBORBLRE~NOEELR E2F[ &S
FTo R ETORTOTFEHIL, KPEIEIEAT, Kb
HEEREOPTHHBICEELZMEL 2o TV, ERTO
TFHETFT— 713, RESHRSOPFFEFEI v, T, XK
BHTORG L LT AN TR FSEAINLEEIE
Lo TWABA, KFIZLB ANVEHESRKEDTFEIZD
WTORFED, F— T TaFIIHRTE61h% L,
% OBEIRIN TV 5,

B ERETOWKBIEM [T LB] okiEhEMRRE
BRI, POkt 7oxg, @Rk, I rdF vy v Tq
EDRETOL-OOEBERFEDLZEEFRHD—DL L
Ty J ANTaRT EXFEOTHEEHI 24T Z e HTE
oo ZITRFOBIKREERTEL DI, —HiZonT
3, KB TOBRIERER L ORBLRT,

3.5.1 EMERBE

[TLB] TOANTORT LKOFEHET— 7 DIE
13, PR PEEMITHREE (Continuous Test), “FIHKH
fEm KB (Turning Test), HFPOKMITAS (Dual Line
Ice Breaking Test) @ 3FEEDREREH 2BV TiTbiLiz,
BREBOEE, ([TLB] OFXEH, —HKEEREIZOW
TIXEE3234BE2 SR I,
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#3351 TORSITERE

Propeller
Type CPP  (2-shaft)
Diameter 1950.00 (mm)
Boss Diameter 680.00 (mm)
Number of Blades 4
Tip Thickness 19.00 (mim)
Angle of Rake 0°
Nozzle
Inside Diameter 1980.00 (mm)
Outside Diameter 2411.30 (mm)
TipClearance 15.00 (mm)

#3652 HEBRMG—E

Ship Blade Enginelce
Speed Angle Rev. Thick.
(knot) (deg) (rpm) (cm)
2402 2/4 Continuous 6.7 25 710 28
2404 3/4 Continuous 6.7 29 710 34
2406 4/4 Continuous 8.1 30 750 35
2408 1/4 Continuous 3.4 18 710 34
2409 3/4 Continuous 9.7 29 716 25
2501 1/4 8.S. Tuming - 18 716 31
2502 1/4P.S. Turning - 18 710 38
2503 1/4 Continuous 19 18 710 36
2504 2/4 Continuous 5.7 25 710 36
2505 3/4 Continuous 69 29 710 40
2701 2/4 Continuous 57 25 710 36
2702 2/4DualLine-IB 65 25 710 37
2703 2/4DualLine-IB 6.0 25 710 47
2704 3/4 Continuous 3.8 29 710 46
2706 2/4 8.S. Turning - 25 710 30
2707 4/4 Continuous 43 30 750 53

Exp. Test Species
No.

351 [TLBl o7axRy - JANVEEREEHELZR
T WHERILEBEOWNEY vy F 70T THY, BWEN
KEWD, RALEBREFEBEO ORI IZHERTRR
KEV,

#3521, AELEHO—ET, FHIEEETI6 — A,
REBEEHHOSHIIEREHN DO EHRE AL (18T
1800PS) \Zx4 2EEE TR T, 4/4 HIIUALCIEFEAKFT
DNRT=H =TV W->oTRAREZTHIREL LB
D, EREEHITTI0pm TH -7z, 4/4HH1 TR, B
2I0FEELTHE LB, HEHEE 750pmE LTW5S,
Berp, B, BEBBEAGTEICR—E%25 X 9ABIA
720 TRTOBBIDKFEEE10/10, 2 W iBEEIKTE
TEDLNIRETIT o 72,

3.5.2 EtEIAE
B3-5-11C8 by - A5 AN - WEHROFHMICERL

(286)

Receivor
‘Tateyama Deshi 560B |
. Digital Data Recod,
Calibrator SONY PC216A
Battery
Tateyama Deshi 1256
‘Transmitter
| Tateyama Deshi 8366

otoelectric Switch|

eceivor
Tateyama Deshi 5601
Revolution
Counter -
110 ||

{Photoelectric Sensor

B3-5-1 FHAlY A7 L[

TERD VAT LARERT, @y - A5 X boOsHENG
IBEE L BEE,FS TuTEIZES -V E), FOH
NeT7VA—5 TR T HEZRHE L7z, 22R007% &0
POEHIEEE O A TH Y, FHUHOE S — ¥ K U [a]
EHENAREE, WHEPI L CHATESEVWERE O
BN HL Y T 72
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