








.+.
Ac:qui$itIOI'lSand Ac:quIs4JonI ..
BibliographlcSeMC:e$ UlNICeS~

=~::: =c:-:r'~

'Theauth or bas granteda non
exdusIve licence allO\\ing the
Nariooal Library of Canada to
reproduce. loan. distribute or sell
copies of this thesis In microform,
paper or electronic formats .

The auth or retains owuenhip of the
copyrigbI in this thesis . Neither the
thesis nor substantial extracts from.it
may be printed or otherwise
reproduced without the author ' s
permission .

L 'autelD'"a accorde une licencebOO

exclusive pcrmettant a la
Blbliothe:quenationale du Canada de
reproduin:. prCter. distribuer au
vendre des copies de eeae these sous
la forme de microfiche/film., de
reproduction sur papier au SW' format
electronique .

L ' auteur conserve la proprietcdu
droitd'meur qui protege cene these .
Ni la these o:i desextra.its substantiels
de celle-cine doiventetreimprimes
ou autrement reprodurts sans son
autorisation.

0Ji1 2-731:>35-0

Canadii



Faculty of Engineering and Applied Science

Memoria l Lnive rsiry of Newfoundland

Model Test Data Analysis of Ship

Maneuverability in Ice

b

Yu Shr. B. Eng

.-\ theSIS submured to II\e School 01 Graduate St udies

In parnal fullillm ent of the requ iremen t lo r

the degree 01\1. Eng

Sr.Jotms ;O';e..... foundl and Canada



Acknowledgements

I "' 00 1.1 h l.. ~ 10 ..peclaJl ~ than l.. Dr . F. ~f. wuhcm s and Dr . ~t. R. Haddara, m~ th~sls

i Upe l"\lo;.)("S. ior tberr gU If;L.U1':~ and support thro ugh m ~ ilUd~ .11~temonall'n l \~rsll ~ Ilf

;-,;~", foundb.rni- The ir rn endshrp. eOl:ourJgeme nl. ev penenc e ;md lTlslghtful i uggeSlrons

ha \ ~ gre.:ltl~ fac lllLJled the successful co mpleno n o( m~ research .

FmOln':laJ supports from Canaca- x e....lo und lanJ Cooperano n ,~ greemenl on Eccncrruc

Rene...OI I. ..upports from Fxult ~ of Engmeenng and .-'.ppho:d Scie nce and School of

Gr J.duJ.te Stud ies Of ~lemonaJ l" n l \ o:rS ll ~ il l ;\"e...touncland JJ"ehl!!hl~ apprecrared

FmJ I I ~ . I would hke 10 Ihalll.. .111 [~D sla ff ....ho J~Ig:neJ. planned .1nd performed the

mood te st and pro vide s. the ra ... t~ S I .Lla ior m~ rese arch



Abstract

ThIs th~IS pre sents .1 detailed an.1l~slS of planar motion mech ams m mode l lest dJ.u In

In Ice was perfo rmed , The m3ln foc us of this I>. ork.1$tene r understand ing.of the effects

of drffere m Ice condmons on ship maroeu\cr.:lbl l lt~ and mrcrmance for .1fI effecnve and

cccu rare mamemancal model for cSllma tlng sr np nu ncu\ cr3 blh t:!" In ICC. Beca use of high

rorces and hIgh ccce ter anon s In rce breakmg cper anon . the da ta arc comple x. A comp lete

proced ure for the anaJ~ s l s of the ra... test dat a. incl ud ing ....a\ 'CICI transform and neural

net"' or l calc ulauc n, was de veloped . A shIp turning radius predictor based on the data

grves mlcm aJ l~ co nsts tem resu lts . The propo sal s fOTfurthe r research. to achieve J. mor e

accurate model. .lJ' C pro vrded



CONTENTS

n U..PT ER I "TRODl"CTI O' _ _..... . 1

C HAPTE R ~ L1TE RATUlE Sl"R\ E '

R E'o IE... ' >f~" ' P " H\ EIt ..e IU TY rsICE

5'..1' .W""n~ IHJ", ' " tIp.,,_u
2. / .2 SIup.W/lM ....'""'WI7'''/u .

~ ,I .~, l M01l'IklJo,)'~ph~ICaJ propcrtoes of loU see

~ J ::: PII~ICJJ~npuon of ' slup ~l"IC'u ',nnl , n .ce

: .1 ::) P~mcleA lnnuenc,n, Stup M.lnc:II , c:r;lbdlly ,n Icc .

SrR ' ~'" OFCl' RJt E_""T "l ETIKlD~ t o eee e e-r SHIP ......' n .. EIIU ILIT'Y 1~ ICF.

2.1.1 FtdJ'l;tli, "O.,...urvtu

"otJd~rIIfI''''' , .

l .1.J Or .., 16PM'tV o/ ...."'ntclli lIIDtUu o.

J.l. " £OG/_" O/ llt , IIppUnIItolU tlNlluoIlt4llo >Uof C''' '' ' N GppnM clN s.

......~

' 0

:0

. ' 0

CHAPTER J DERJV" n ON OF THE '''SIC EQl;A TIONS OF MOTl ON ·U

U ...t ...1t S E"' TO' 14 ." EOI .. no..s

.\ :: Dt ll r.. ..r lO,of EQt ...ncvs FOIIPMM ~loDEl TH n

) .] . / Sill .u oullilTnfs

C.", u" III RAtIl... T,Il.

"

"
CHAPTER .a EXPERJ~IEST." L PROGRAM ._.. ~_.. ~

T HE PLA'o..RMono~ .\.{ECH"' 'oISM , PM,.'1 1

~ ~ .. t " ' El ~ER I'o G TEST PRoc; R","l .

D4u A.Cq. llItW1I4M I IISU"MUWJlJOII ".

Sh.p Couiliolls

-1.2 .) I n Cofltlilw lIS....

U /HriMt ..uJ.W" ,lt..... " .

ss

."
CHA.PTER S O"T " ,-\....ALYSIS ._ .. . 6-1

o .. r .. .. I ..'oIPl ·L..no.'

5 ::: W ..~ E L.ET .~" "'L ~ S IS

C O M II " O IH 14·.. . t l .. TnIlI ll f _ Appbcari ofl



CHAPTER ' DISCTSSIOS ",~D CO~CLL:SIO!liS _ I"
[)IsC1.;U IOHOF neE TuT f'l;0G ........ . . . 1) 1

6 ~ 041 Alo4L YSIS M £'T)t()D()UXiY . 1))

6) CONCLUSIONS . . _._._ IJ.l

R ECOOol"'l [."b"'1'JO'OSI'O.. nTln "'e-x ... 136

II O " U ItCnI£' ''-L O CO''.. EIUIOH _ ._

I : O"HS11tlcn'U:

I) O " f .. REDl ·CT!ON ..... OV ..uo...TlO"O ..

FILn: .. PltOGR..."

.U rn<"'l(TlC Ql'E.. ..no ..

........ .. ........ l ~~

.. I ~)

. I ~O

.'0
",'P E:oro.-oIX : "'PL I CA-no s PROGRAM ,5J

: ) ~.~TL~S I'1lOG "I-c..Let. _ "" ~

: ~ ~.~TL-\S I'1l OGR "'l · .....' .. .. ,, ·

. 53,...
In

".






















































































































































































































































































































































	0001_Cover
	0002_Inside Cover
	0003_Blank Page
	0005_Blank Page
	0008_Copyright Information
	0010_Title Page
	0011_Acknowledgements
	0012_Abstract
	0013_Table of Contents
	0014_Table of Contents
	0015_List of Figures
	0016_List of Figures
	0017_List of Tables
	0018_List of Abbreviations
	0019_List of Symbols
	0020_Chapter 1 - Page 1
	0021_Page 2
	0022_Page 3
	0023_Page 4
	0024_Chapter 2 - Page 5
	0025_Page 6
	0026_Page 7
	0027_Page 8
	0028_Page 9
	0029_Page 10
	0030_Page 11
	0031_Page 12
	0032_Page 13
	0033_Page 14
	0034_Page 15
	0035_Page 16
	0036_Page 17
	0037_Page 18
	0038_Page 19
	0039_Page 20
	0040_Page 21
	0041_Page 22
	0042_Page 23
	0043_Page 24
	0044_Page 25
	0045_Page 26
	0046_Page 27
	0047_Page 28
	0048_Page 29
	0049_Page 30
	0050_Page 31
	0051_Page 32
	0052_Page 33
	0053_Page 34
	0054_Page 35
	0055_Page 36
	0056_Page 37
	0057_Page 38
	0058_Page 39
	0059_Page 40
	0060_Page 41
	0061_Chapter 3 - Page 42
	0062_Page 43
	0063_Page 44
	0064_Page 45
	0065_Page 46
	0066_Page 47
	0067_Page 48
	0068_Page 49
	0069_Page 50
	0070_Page 51
	0071_Page 52
	0072_Page 53
	0073_Page 54
	0074_Page 55
	0075_Chapter 4 - Page 56
	0076_Page 57
	0077_Page 58
	0078_Page 59
	0079_Page 60
	0080_Page 61
	0081_Page 62
	0082_Page 63
	0083_Chapter 5 - Page 64
	0084_Page 65
	0085_Page 66
	0086_Page 67
	0087_Page 68
	0088_Page 69
	0089_Page 70
	0090_Page 71
	0091_Page 72
	0092_Page 73
	0093_Page 74
	0094_Page 75
	0095_Page 76
	0096_Page 77
	0097_Page 78
	0098_Page 79
	0099_Page 80
	0100_Page 81
	0101_Page 82
	0102_Page 83
	0103_Page 84
	0104_Page 85
	0105_Page 86
	0106_Page 87
	0107_Page 88
	0108_Page 89
	0109_Page 90
	0110_Page 91
	0111_Page 92
	0112_Page 93
	0113_Page 94
	0114_Page 95
	0115_Page 96
	0116_Page 97
	0117_Page 98
	0118_Page 99
	0119_Page 100
	0120_Page 101
	0121_Page 102
	0122_Page 103
	0123_Page 104
	0124_Page 105
	0125_Page 106
	0126_Page 107
	0127_Page 108
	0128_Page 109
	0129_Page 110
	0130_Page 111
	0131_Page 112
	0132_Page 113
	0133_Page 114
	0134_Page 115
	0135_Page 116
	0136_Page 117
	0137_Page 118
	0138_Page 119
	0139_Page 120
	0140_Page 121
	0141_Page 122
	0142_Page 123
	0143_Page 124
	0144_Page 125
	0145_Page 126
	0146_Page 127
	0147_Page 128
	0148_Page 129
	0149_Page 130
	0150_Chapter 6 - Page 131
	0151_Page 132
	0152_Page 133
	0153_Page 134
	0154_Page 135
	0155_Page 136
	0156_References
	0157_Page 138
	0158_Page 139
	0159_Page 140
	0160_Page 141
	0161_Appendix 1
	0162_Page 143
	0163_Page 144
	0164_Page 145
	0165_Page 146
	0166_Page 147
	0167_Page 148
	0168_Page 149
	0169_Page 150
	0170_Page 151
	0171_Page 152
	0172_Appendix 2
	0173_Page 154
	0174_Page 155
	0175_Page 156
	0176_Page 157
	0177_Page 158
	0178_Page 159
	0179_Page 160
	0180_Page 161
	0181_Page 162
	0182_Blank Page
	0183_Inside Back Cover
	0184_Back Cover

