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s33.

EXPERIMENT 437

Date
Tíme

ÐuratLon
Posítlon
Wat,er depth
Forward draught
Aft draught
lrlfnd direction
Wind velocity

Wave hetght
PSIREF

RREF

Rudder limlt
DEL1M at termination

L97 4-L0-21
07.49
92 mín
s zgo 44t E 32o 39 '

deep
20.2 m

20.2 m

SW (1; see Appendíx A)

8-9 BeauforÈ (17-24 m/s,
strong gale)
I - 10 m (sea from SW)

21go , 2L5o

0.07 deg/s
Not actÍve
4 .0go

A yaw from 2lgo to 2l5o was performed between I min and

3 min of the experiment. IIODYAW was then equal to I during

the flrst 10 s of the yaw and then equal to 3.

Requlator structure

NC=0 K-5

0.29L

-0.480
0.218

0 .001

0.000

1. 309

-0.896

-0.026
-0.017

0.738

0.027

0.018

0.002

0.001

fresh to

NA=3
IREG = 15

Final values

-22.296-

31.504

-9.285
0.349

0.316

a

NB=2
RL = 0.99

al
a2

a3

b1

P-

I +a
2

+a
3 = - 0.077

0.001



534.

Yaw resulator structure

NAY=3
IREGY = 10

AKI-V = 40

CIV = I0
EPS1V = 0.02
PSISV = 0. 15

I1MV = 60

DELTA

PSI-PSTREF

AN

U

VI
v

2

NBY=2
RLY = 0.95
AK2V = 1.8
CZV = 80

EPS2V = 0.03
PSISSV = 1.5
I2MV = 300

KY=2
IRR=3
AK3V = L20

PSIMAV = 0.3
I3MV = 150

3 .93 r 7.09 deg

0.158 t 0.847 deg

54.02 t 0.57 rpm

4.82 t 0.35 knots

7 ,3L4

5.769

IDPSI = 5

StatistÍcs (mean value and standard deviation)

I0 - 92 min
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s48.

EXPERTMENT A38

Date
Time
Duratlon
Posltfon
Water depth
Forward draught
Aft, draught
Wtnd dfrectlon
Wlnd veloclty

Vfave helght
PSIRET

Rudder lfmlt

Requlator str ucture

197 4-L0-2L
11.43
TL mln
s 2go oo I E 32o z4l
deep
20.2 m

20.2 m

SW (Ii see Appendix A)

8-9 Beaufort (L7-24 m/s,
strong gale)
I - 10 m (sea from SW)

2150

Not active

NC=0 l(=5NA=3
IREG = 15

Flnal values

-22.7L2
34.18s

-lL.401
0.136

0.187

NB=2
RL = 0.99

p=

a1

az

a3

b1

0.358

-0.603
0.295

0.004

0.001

1.941

-1.469

-0.050

-0.027

L.298

0.050

0.028

0.003

0.001

fresh to

0 .001

al + a2 * "3 = 0.072



549 .

Statistlcs (mean value and standard deviation)

DELTA

PSI-PSIREF

AN

U

Vt = 4.326

= 3.942V
2

1.96 É 5.91 <leg

0.250 t 0.622 deg

49 .30 * 0.95 rpm

5.24 * 0.33 knots
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563.

EXPERTMENT A39A

Date
Tfme

Duratlon
Position
Water depth
Forward draught
Aft draught
IrIind dlrection
Wlnd velocity

l{ave heIght
PSTREF

Rudder tlmlt

ReguLator struct.ure

L97 4-I0-2I
15.51
22 mfn
s zgo 30' E 3zo oot
deep
20,2 m

2A.2 m

Süf (1; see Appendlx A)
8-9 Beaufort (L7-24 m/s t
strong gale)
10 ¡n (sea from SW)

2r20
* 250

NC 0 t{=5NA=3
ïREG = 15

Flnal va lues

-24,797
39.146

-14.606
0.015

0.096

NB=l
RL = 0.99

al
az

a3

bl

0.229

-0.362
0.150

-0.00I
-0.002

1.095

-0,792
-0.022
-0.014

0.694

0.025

0.016
0.001

0.001

fresh to

0.001

a?. +Ia

p=

+ t3 = - 0'257
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Statistics (mean value and standard devlation)

DELTA

PST-PSTRET

AN

U

-1.51 * 10 .98 deg

0.522 * 1.089 deg

48,53 * 0.71 rpm

4.32 * 0.21 knots

V

v
1

2

= L3.7 42

= 13.514
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EXPERIMENT A398

Date
Tfme

Duration
{

Positíon
Water depth
Forward draught
Aft draught
Wind direct,i-on
Wind veloclty

Wave height
PSIREF

Rudder llmft

Requlator structure

L97 4-L0-22
07.31
48 min
s 3oo s6' E 3oo 40'
deep
20..2 m

20.2 m

SSW (1; see Appendíx A)

4-5 Beaufort (6-10.5 m/s, moderate
to fresh breeze)
Rough sea from SSW

2].60

Not actLve

NC=0 K 5NA=3
IREG =" 15

Ffnal values

NB=2
RL = 0.99

"I
a2

t3
b1

b2

p=

-22.693
34.390

-11.816

0.757

0.2L0

0.677

-0.909
0.410

0.005

0.004

2.59L

-L.982
-0.056

-0.047

1.919

0.061

0.050

0.003

0.002 0,002

"r* "A 
* a3 s - 0.L29



580.

S tatis ti.cs (mean value and stanclard deviation)

DELTA

PSI-PSIREF
AN

U

f7

1 = ].f81

= 0.744V
2

2.09 t 2.62 deg
0.015 È 0.240 deg
64.07 x I.27 rpm

L2.64 *. 0.15 knots
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EXPERIMENT A4O

Date
Time
Duration
PosÍtlon
Wat,er depth
Forward draught,
Aft draught
Wlnd directfon
lrffnd velocity

lrlave hefght
PSTREF

RREF

Rudder limit,
DELIM at terminatíon

594.

L97 4-L0-22
08.44
.140 mín

s 3ro 11 t E 3oo 261

deep
20.2 m

20.2 m

SSV{ (li see APPendlx A)

4-5 Beaufort (6-10.5 m/s, moderate

to fresh breeze)
Rough sea from SSW

2L2,Lo - 224.4o (saÍlmaster' course
correction)
0.07 deg/s
Probabl-y active, but unknown

0.3go

The speed was lncreased during the experiment. The Satlmas-

ter and the Course correctlon were switched on and off a

couple of tLmes, which result,ed f n course changes.

MODYAW was equal to 1, 3 or 4 durlng all the ya\^ts except
during 40 s of the yaw after 121 min, when MODYAW was equal

to 2.

Requlator structure

NC=0 (=5NA=3
IREG = 15

NB=2
RIJ = 0.99



595.

Final values

-20.82
32.393

-L2.t47
0. 7l-g

0. I98

a1

az

a3

bl
p=

0.374

-0.454
0.190

-0.006
-0.003

L.027

-0.754
-0.oLL
-0.018

0.759

0 .023

0.025

0 500

00
00
00

0.002

0.001

IDPSI = 5

I

0.002

11 f u2 f u3 = - 0.579

Yaw re uLat,or struct

NA,Y=3 NBY=2 KY=2
IREGY = l-0 RLY = 0.95 IRR = 3

AKIV = 40 AK2V = I.8 AK3V = L20

CIV = 10 C2V = 80

EPSIV = 0.02 EPS2V = 0.03
PSTSV = 0.15 PSISSV = 1.5 PSIMAV = 0.3
I1MV = 60 I2MV = 300 I3MV = 150

Inít.iaL yaw requlator values

-43.5 s00'il
"ål
.ål

oil

oå1

4.94

0.90

1.30

0.81

PY= 500

0

0

I

0

aI * ui + aj.= - 37'72



Yaw requl-ator values after 'the Vaw at 121 rnin.

613.869

0

0

0

613.869

0

0

596

a L.228

IIa

a)

I
3

a

-43.203

4.94Q

0.900

1.300

0.9I0

PVo

.960

0

0

0

0

bi 1.228

é1 I *uå*.åã-37.363

Statlstics (mean vaLue and etandard devfation)

0-120 min

DELTA

PST-PSTREF

AN

U

v1

v2

L.10 t 3.04 deg
0.L83 t 0.555 deg
78.98 t 3.37 rpm
15.51 * l.l-1 knots

1. 387

r,266
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EXPERTMENT A4I

Date
Tlme
Duration
Position
Water dePth
Forward draught
Aft draught
Wlnd dírection
Wind velocit'Y
Wave helght
PSTREF

RREF

Rudder lÍmit
DELIM at' termination

625.

L97 4-L0-22
13.06
I04 min
s 31o 59' It iga 39'

rieep

20.2 m

20.2 m

SW (1; see APPendix A)

4 Beaufort (6-8 m/s, moderate breeze)

Rough sea from S!{

210.0o 230.7o (Sailmaster, Course

correction)
0.07 deq/s
PossibtY actíve, but unknown

-0.120

TheSailmasterandtheCoursecorrection\¡Iereswitchedonand
offacoupleoft,imesduringtheexperiment,whichresulted
in course changes. Hov¡ever' the two yaws after 52 mín and 63

min were manually request'ed' MODYAVü was equal to l' 3 or 4

during all the yaws except during LzO s of the yaw after 52

minrg0softheyawafter63mfnandl0softheyawafter
8I min, when MOÐYAW was equal to 2'

Notethattheresolutionofthecoursemeasurementonlywas
L/6 deg.

ulator structure

NA=3
IREIG = 15

NB=2
RL = 0.99

NC=0 (=5



626.

Final values

-20.736ar
az

a3

bI

32.L24

-L2.39L
0.695

0.176

0 .204

-t.243
0 .066

-0.001
0.001

0.838

-0.632

-0.018
-0 .0r8

0.625

0,021

0 .018

500

0

0

0 .001

p=

b

0.001

0.001

IDPSI = l0

I

2

a, * a, * t3 3z - 1'003

Yaw regulator structure

NAY=3 NBY=2 KY=2
IREGY = 10 RLY = 0'95 IRR = 3

AKIV = 40 AK2V = 1.8 AK3V = t20

CIV = l0 CZV = 80

EPSIV = Q.02 EPSZV = 0'04

PSISV = 0.I5 PSISSV = 1'5 PSIMAV = 0'35

ïIMV = 60 Í2MV = 300 I3MV = 150

InÍtj-al yav/ regulator values

ai
ai

ai
bi
b

-43.5 6

4.94

0.90

1. 30

PY=

500

0

0

0

0

500

0

0

0

I
00.81

a i + ai + u5 = - 37'72



Yaw regulator values after the yaw at 8I min

-43. .316

526.316

0

0

627 .

0 1.053

ai

aj
II
I
z

b

b

4.94

0.90

1.30

0.81

0 526.316

PY=

äI * *å + aj = - 37.72

St,atlstics (mean value and standard deviation)

0-50 min

0

0

0

0

0

0

1.053

DELTA

PgT-PSTREF

AN

U

VI
V

2

L.64't 3.47 deg

0.002 * 0.322 deg

81.6L * 0.33 rpm

17.40 t 0.20 knots

L,577

1. 308



Í

{ 628.

a6
G¡

I.F

tÀJE
t-

_,--:g;;ffi--
od'*'.-'

-r-t'

æ¡*.
--7

---:i2æ
Ðta.dê

.--Ü-
'f

'!,il
-l:ll--

{s
l$lg¡

(,
C'(,
-¡rrl
CIt

6(t
@
8{t
cl
tÊ
fåN
n¡
,Ll
(F
t,
(F

û.
a-
t
rg

0'
ô
¿\
lrl
alp

v
i¡ù

È

G
l-oJs

t
G¡
00

¡
€

rr.@r!È¡?..q "ir.aT:ffib

:çS".!_¡!:: .-.,*:sÆi*-r--
rttl@¡--

'! 1ì,N

Í¿ -'.Ì'r:#T a it rÈ*Ì-rÐ
ærMã--æ"-*-------

t,:3...'#lw-

-¿Júdrú.E-E 
'- -æ4 '¡"'dt-

æ- !Ìr¡L.r .:rk-¡r!^ijrs
G-,Ê*,*

æ-éa*----"1¿-æ%ffi;ö-**:;t :jT.*â--::tr¡¡É¡i!::Êtl

--çrrtlf : " ';--:,*--;F
**T;å --ægt==âë

-!..tq-::-: 

.:: 
-..

s¡-t¡J¡.:igtùrr'.;.î}@

a

'01 0 'øl- 'øz-
a



ø10.
-2[.1.-lgt.

a
ar
C9
{
ts
'o
-
-̂gl
v
I.F
ru
Ða
-!o
-¿A
ht v
C\l
t?t
æ
o

a

ht
Þ
t{(Ð

t'
trt
fn
rfl
c)
u
C'
rn
5)

a¡ôl¡ls&i{ñl'r''¡ãtgiåål-
€;trï, .ìnæ

rff r'":-r"
G!¡a¡tlitEËt@å';;;---

G6r::l:.'
ffi'€ter'Q- r

slttttir¡ÌJ¡¡u.¡-.''
U¡ Æ.*

-ñ-.É
av_'!* _ '

':.d¡gt-
so-.à{-

".rt;;ixùD . ":dùøËflil-
",'ñ,Ð--4{¡ ..--..€ -¡s¡qmEFi*fr¡|-

Ðt

ti) a

et a

.,<ilártl
'''::=- -Ð

-¡-rrultffil 
,:-

.æËffircñ,j .-.,
€

-çæ,¡ffiñ.ti

arryi'ù_'

-#.
¡'rqry*-' G t"?;1 '"''

ãG¡B --
IreS.

-tÉFi'ú'a

rGflffiftifi¡¿l|"!..r:-

''r'\=:rr ... t.:l --¡Ð
;.lröffi ."rgÈrË

ffi
. tfrf:i9.5¡æ
'..],dv4d

',!v¿M

-!:írP- r _r*-&¡d

-t¡r..¡ry
"7Ðæ"-'3Ít

a

'.,'.-
--l-r+-.=-===æ

-== 
-------:=5.

.¡$3tlã]:q ItLdÚ'

--.---æ -? 
-

a4

3f?t
:s

ts
Êl a

G# '::
¿: ....,--¿;-

IIF¡*tuì

ffi---
-.-f# ;¿a--- .¡

Å ,

'629



¡
Itul¡Ea

'g
tt

il'ï

a
a

'F
A

l
l¡{l3vtt¡

oro\o

I6

ïï''

r{

üË
!;þl

;¡:

t,T
ill

l, 
r'

i:
6¡a

' i,J

T
r

r{t
È

1
¡I

II

I'

l¿.¡i

ilu,rul,'ït

l,\i

!,

$[lï
hH

[ut,l

i'tïl'hiii

I
I¡

II

¡I

6¡

c:ilt sul130. 6¿
 &

8- oìfilu (e) t d I hsr (91 ) ld tsg ¡01d



¡{
{¡it

!
I

lr
ll I

ll F
{I

t f

åt q I I

fi .l

ff

¡t I:. "[
'lT I i

,l! a ¡ Ê

P
LÛ

T
 ñ

T
I 

P
I T

 I 
Ë

}o
ftt

f 
I P

l (
f 
) 

lË
R

û 
-?

û 
Z

Ð
 

.D
Ë

LT
A

 B
ãC

I

rt
l,

llî
i'l !J :,¡

,i

! 1

'i 
'

Ë lil

¡¡
 i 

¡

f u.
¡I 'T
J

I { ri
llt

¡
.:l

t E cÞ

I 'il
i ì1

--
È

- t

t i l

tt
.¡ I

È
'

I
tl 'l

I
,

': a t
iï

O
t

U
J F

€ I I

@ f\ú I
f I

H
E

 (
F

I'
a

lø
.4

.
a

r,
1

¿
¡

ë'
éJ

.



F
LÐ

T
 fr

*I
P

I 
( 
I6

}Þ
ft{

lP
t 
(6

} 
Z

gR
0 

-0
.8

 0
.S

 
.p

p 
O

E
O

¿
S

tn f\¡
a

ts

,J
,

i, 
,l

,¡ îi ¡r

llu
i,l

i i
I

t ¡
çj

i

ii

l,' f: ri

':
ü,

on
*,

\ll
ril

I
,J

I,
)t

 
t

rÅ rli
i

') 
t

li

.J "t
ir I I' ¡:

i,l

fír
i¡,

,it
ii'

l

i
tll

lü
||r

ilu
{,

,r
ir 

i f
ri

¡i'
t

I

i I

JI li'
 'l

s
fr Ë

¡

ü iÍ

l¡í 'l
j I X

('r U
J

N
)

I.r
)

f\J € I

t
I

I

tft 3 Ë I
f

rt
I

t
a

H

I 8
Ð

.
q0

.



633.

rÐ
qs

a

a
rÀ,:r

t

Êa

a

l-

at
o.c
z,(r
t

c'
@

ct
IL

(̂o
v
ll-g
!Þ

?
GI
t̂o
IF

Y
tF

È.
rF
.(Þ

IE

ÞoJL
IJÐ

t

'6¿0sI

É.-ã¡5¡)!._

'¿B



'#8¡
'ø

g
'Ø

e
æfH

f 3t¡t¡
.ìfaî\0

ctl
(¡{Irtr

s¿
o$¿

)l l'ìl- gl 3t
(¿

l ldltgjr(3t, ldte$ Å
O

'td



P
LO

T
 n

llP
l (

l5
l-ñ

{ l
P

l (
8)

 tË
R

o 
-Ð

.?
6 

0.
36

 -
ut

 r
ilo

T
s

a

G
}

ú I'V
a G I tn G
} I

O
ì

U
J

U
¡

,.f
,

f\ a 6 I

a
a

llH
ãt

lil
a

t
tg

8.



$?
ts

r 
ñ9

tP
t(

fs
'r

.F
ttP

t{
g}

 ä
äÊ

0 
-e

 ?
 

*u
? 

K
H

ûT
S

.o
.c

s
t

-o

('t (, or
I

f\¿
1I

 H
€ 

¡ 

'{,
I

ü.
I

*ø
.

-
8g

l.
18

8.



P
LO

T
 ñ

{lP
l(1

6}
}ñ

9l
P

l (
tÐ

} 
Z

gR
0 

-A
'?

 9
.2

'R
 

D
E

0z
S

l$
,

t

I'T
n'

*

,;'
l

'1
1

,l i,. [,1

I H

f,l

I ,|
I I i] ri

[ln
or

I I I
,i& ¡ 

lil iig ir

lË I
'iï

,l .l

I t il

¡ I t I rl ;: I t I

aÐ @
il

þi
I'

el F
!

f I

i il ¡ 't .? rl il

(, \¡

g I ^J
a Y

lIH
E

 I
H

I

o
18

8.
8ø

.
6t

.
¡¡

tõ
.

a



ir

tr-

tìtt
oo

I
GIg
tt

U'\
ßtg

c
(E
t

{\l
o

€
(ìf

a
€Ð,

f,'
tß
l&t
F¿

â
rF
.l¡¡
+¡t
rFg
iF

*g,
û

l̂¡
(t¡
v
IF

ß
aÐ
f
G
Þ
ctJ&

I

{ít

-
o

,þ

638.

¡
€
6¡

Ë
t+,

t-

a

a

l'0 '0 1 '0- ¿'s-
a



639.

8
LUu
-<
Þ-

t
f.1Ð

Gì(: :l
,f
lt

-U'
CL
Ë¡
-t,

U'\
C)g

l-o
-af,
ô-
Cl
¡

GI
I

@

G¡
ao

I

o
ffi.
ul
hr
t\
ßt
rll¡

v
tt-
g,
.>
-dl€l
l̂Ð
F
ìt
rF
È.

f
G
t-
C'JÈ

o
;

a

çs

a

C3
fJ3

a

G¡

.Õ!"

t

I'B 'lâ I '0- ð'0-
a



15, 22ø, 225.l(å. '0
ú-
ct
-{
:Ð
{>
-!
-â
-dlvt
1ÐÒ
-r
-.ì
-6t

-*gv
ht
d

@

h¡
E\I
ül

t
ï
a^
-
!
atì

-7'
!nal

a
t

¡

a

t

a

{
3rrì
}g

g.r
S¡
a

'0t9



a

E
¡ F f\t

F
L0

1 
na

tîF
l(1

6'
Þ

fte
tlP

e 
-A

Ë
 3

6 
'R

g6
Ë

JL
fiT

S
R

 P
ftR

*f
tE

T
E

R
S

t1 <_
] 
^

/l \/-
.1

1l
 H

E
 li

lb,
t!; ?s f\l I

(}
r

rÞ H

a
$.

t¿
9.

â0
.

B
ø

.
Itg

.



EXPERIMENT 442

Date
Time
Dura.tion
Positfon
tntater depth
Forward draught.
Aft draught
Wi.nd direction
Vlind velocÍtY

Wave heíght
PSIREF

RREF

Rudder limit
DEL1M at termination

642.

]-97 4-L0-23
00.56
380 min
s 33o 30' E 260 30'
deep
20.O m

20.0 m

Ng (4-5; see APPendix A)

3-4 Beaufort (4^8 m/s, gentle to
moderate breeze)
Sea from ENE

230.0o 285.0c (sailmaster, course

correction)
0.07 deg/s
Not active
-0.650

NC=0 K 5

Data were recorded every second mÍn. The Sailmaster and the

course correctÍon were switched on and off a couple of times

during the experlment, which resulted in course changes.

Reg ulator structure

NA=3
IREG = 15

NB=2
RL å 0.99



64 3.

FlnaI values

L7.94

28,377

-10.738
0,830

0.159

a1

az

a3

b1

p=

0.645

-CI,830

0.361

-0.001
-0.001

2.088

-L.542

-0.046
-0.042

1.529

0.059

0.052

KV'*2
IRR-3
AK3V = 120

0.004

0.003

IDPSI = 5

0 .004

.1*ä2+a3,'-0.303

Yaw regula tor structure

NAY=3 NBY*2
IREGY = L0 RLY = 0'95
AKIV = 40 AK2V = I'8
CIV = 10 C2V o 80

EPSIV = 0.02 EPS2V = 0'04
PSISV - 0.15 PSISSV = l'5 PSÍMAV = 0'35

I1MV = 60 I2MV = 300 I3MV = 150

aÎ¡t uLator valuesni

a\

-43. 00

I
t
0

-to3

bi

4.94

0.90

r.30

0.81

PY=

0 500

00500
000
000

"i f *å + åt .* - 37,72



Yaw regulator values after the last ah¡

644.

0 L.292

ÐELfA

PST-PSIREF

Ã.N .

U

VI
V

2

-43.8s5

5.006

0.900

1.306

0. g10

32.466

-6 .043

0

-0 .526

0

513.950

0

-11.520

0

646.L78

0

0

^to1

^to2

I
3

a

b

PY=
I

I
I

ai * uà * rå = - 37.s4s

0.289

St,atisti cs (mean value and standard devlatlon)

200-380 mtn

-0.10 * 1.62 deg
-0.019 r 0.186 deg
85.55 t 0.28 rpm
L6.29 * 0.27 knots

0.299

0.297
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658.

EXPERIMENT A43

Date
Tlme
Duration
Positlon
V'later depth
Forward draught
Aft draught
!Íind dfrection
Wind veloclty

ttave height,l
PSIREF

Rudder limlt

1974-10-23
08.29
62 mln
s 34o 47, E z4o 01'
deep
20.0 m

20.0 m

E (5; see Appendfx A)

3-4 Beaufort (4-8 m/s, gentle to
mod.erate breeze)
Sea from E

259.6o zsg .ga (sailmaster)
Not active

NC=0 (=5

'The yaw regurator was never used, because psrMAV was equar
to 0.35o and the course changes requested by the sailmaster
were only 0.10.

Requlator s tructure

NA=3
IREG * 15

Flnal values

L8.0

NB=2
RL = 0.99

al
az

a

b1
3

29.138

-LL.T24
0.802

0.129

p=

0.929

-1.068
0.400

-0.010
-0 .006

2,663

-L.gzL
-0.052
-0.057

2.099

0.080

0 .078

0.006

0.005

aI*u2*"3=-S.057

0.005



659.

Statistics (mean value and standard cleviation)

0*'6 2 min 20-62 min

DTJLTA

PSI.PSTREF'

AN

U

V I
V

2

1,14 t 1.94 deg

0.050 r 0.291 deg
85.55 * 0.33 rpm

t5.19 * 0.16 knobs

0.594

0.464

1.21 * 1.58 deg

0.003 t 0.152 deg

85.57 Í 0.28 rpm

L5.I2 * 0.09 knots

0.419

0.273
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EXPERIMENT ^A44

Date
Tfme

DuratÍon
Position
Water dePth
Forward draught
Aft draught
Wínd directLon
V'IÍnd velocity
Wave height
PSTREF

Rudder limit

673.

:-97 4-r0-23
10.15
92 min
s 34o 52' E 23o 27 |

deep
20.0 m

20.0 m

E (5i see APPendÍx A)

4 Beaufort (6-8 m/s, moderate breeze)

Sea from E

260. Io - 260 .50 (sailmaster)

Not actÍve

The yaw regulator was never used, because PSIMAV was equal

to 0.35o and the course changes requested by the sailmaster

\^tere only O. to.

Requlator structure

NC=0 K-5NA=3
IREG = 15

Final values

17.86

29.2L4

-r1.686
0.776

0 .109

NB=2
RL = 0.99

ar
az

a3

b1

P-

0.736

-0.738
0.298

0 .005

0.009

2.529

-2.L84
-0.073
-0.071

2.594

0.089

0 .08r

0 .004

0.004

aI + 
^Z 

*.3 = - 0-339

0 .00



674.

Statistícs (mean value and standard deviation)

DELTA

PSf-PSTREF

AN

U

L.28 * 1.67 deg

0.002 t 0, f59 deg

85.25 t 0'28 rpm

15.43 t 0.14 icnots

V

V

t
2

= 0.468

= 0.304
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688.

EXPERIMENT A45

Dafe
fime
Duration
Position
l{ater depth
Forward draught
Aft draught
Wind directlon
Wlnd velocity

Vüave hetght
PSTREF

Rudder lfmit

I97 4-L0-23
12 .49
78 min
s 34o 59' E 2zo 40'
deep
20.0 m

20.0 m

SW (8; see Appendix A)

4-5 Beaufort (6-10.5 m/s, moderate
to fresh breeze)

260 .go 26L.40 (saitmaster)
Not active

NC 0 K=5

0.820

The yaw regulator was never used, because pSTMAV was equal
to 0 ' 35o and the course changes requested by the sailmaster
were only 0.1o

Regulator structure

NA=3
TREG = 15

Flnal values

NB=2
RL = 0.99

ar
az

a3

b1

17.8s81

2e.e3r I

L2.o77l
0.7571

o . oeij

-1.070
0.449

0.009

0.007

2.984

-2.24A
-0.078

-0.067

2.2L4

0 ,085

0.073

0.005

0 .004

P-

al+a2*"3=-0.004

0.004



689.

Statist.ics (mean value and standard deviation)

DELTA

PSI.PSIREF
AN

U

VI = 0.355

= 0.281V
2

CI . B6 t 1.54 deg

0.023 t 0.208 deg

85.13 t 0.27 rpm

15.43 t 0.I2 knots
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EXPERIMENT 81

Date
Time
Durat,lon
Position
!{ater depth
Forward draught.
Aft draught,
!{ind direction
lüfnd velocity

lVave hefght,
PSIREF

RREF

Rudder llmit
DEL1M at terminatfon
Approximat,e mean value

of AN

Approximate mean value
ofU

703.

1974-10-08
11.43
36 min
N zso 04 ' E 53o 23'
20 22m
10.9 m

10.9 m

NNW (7 ¡ see Appendix A)

I'2 Beaufort (1-3.5 m/s, light air
to tight breeze)
0.5 1.0 m

6o0, s}o, 640, 7Lo, 674

0.07 deg/s (0-7.5 min) , 0.14 deq/s
(7.5-36 min)
t6o tl2o
-1.910

78.5 rpm

16.3 knots

Data hrere recorded every 20th second.
A program error caused IDELC not Lo be assigned the value -1
when the rudder limit became active, whích meant that the au-
topilot never obtained that information. Another program error
caused the off-diagonal elements of the covariance matrÍx P

for the stratght course regulator parameters to be put zero
instead of the off-diagonal elements of PY for the yaw regu-
lator parameters, when phase 2 of the yaw regulator \^ras ini-
tiated, whích affected both the straight course keepÍng and

the yawing.



704.

Requlator structure

NAo3
IREG = 20

Fina1 values

13.88

20.427

-6.941
0.437

0.596

NB=I
IRDIF = 1

NC=l
RL = 0.98

0.171

l(=4
IRR=1

0

0

0

ar.

a2

a3

b1

p=
-0.L42
0,024

-0.013
0.539

0.289

-0.132
0.006

-2.236

.16l

.007 0.002

.456 -0.053 48.246

a. +a
2

+a '' - 0.395I 3

Yaw requlator structure

NAll=3 NBY=2 KY*5
IREGY = L0 RtY = 0.95 fRR = I
AKIV = 40 AK2V = 1.4 AK3V = 115

CIV = 30 C2V = 60

EPSIV = 0.02 EPS2V = 0.03
PSISV = 0.4 PSISSV = 1.5 PSIMAV = 0.6
I1MV = 100 I2MV = 300 I3MV = L20

Initlal yaw recrulator values

a)

a!

12.90

6,02

-6.87

t.30

4.649

PY=

1000

0

0

0

10CI0

0

0

10

0',

0

0

0

0

bi

= - 13.75aar
2

+arI
+

3

10



705.

Yaw regulator vaLues after 'the vaw at 22 rnÍn

ai -L2.90

6.02

-6.87

1.30

0.649

L052.632

-2131.196

280.764

4.632

-L2.469

L052.632

-2636.6L8

-167.430

-97.469

L052.632

21.118

-r4.887

10.526

6.704 10.526

a)

a!

bL

PY =.

ui+ai+ai=-13.75
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72r.

EXPERT}4ENT B2

Date
Time

Duration
Position
Water depth
Forward draught
Aft draught
Wind dlrection
!{lnd velocity

?fave height
PSTREF

RREF

Rudder lfmit
DEL1M at termÍnation
Approxi-mat,e mean value

Of AN

Approximate mean value
ofU

L97 4-10-08
13.02
83 min
N z5o r7t E 53o z': 1

22 25m
10.9 m

10.9 m

(7, 8, 1; see Appendix A)

Beaufort (1-3.5 m/s, light air
light breeze)

NNW

r-2
to
0.5 1.0 m

760r 70, 40,
0.07
i50

deg/s

1. 15

78.0 rpm

16.5 knots

358(), 3b9o, ro, 3soo10,

* l0o
o

The plot of the course PSI is mísleadi.ng, because the course
0o was passed a couple of times. A nrogram error caused IDELC

not to be assÍgned the value -1 when the rudder limit became
act.ive, whÍch meant that t,he autopilot never obtained that in-
formation. Another program error caused t,he off-diagonal ele-
ments of the covariance matrix P for the straight course regu-
lat,or parameters'to be put zero instead of the off-diagonal
elements of PY for the yaw regulator parameters, when phase 2

of the yaw regulator hras lnftiated, which affeeted both the
straight course keeping and the yawing.
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ReguLa tor structure

NA-3
IREG = 20

Final values

11.4

L7,996

-8.036
0,229

-22.936

NB=1
IRÞIF = I

NC=1
RL = 0.98

K=4
TRR=l

0.279

0.0r2
2.155

a1

az

a3

þ1

0.502

-0.287
0.008

-4.379

NAY=3
IREGY = l0
AKLV = 40

CIV = 30

EPSTV = 0.02
P$ISV = 0.4
II-MV = 100

0.2L5

p=
-0.245

0.075

-0.019
1.556

NBY=2
RLY = 0.95
AK2V = L.4
C2V = 60

EPS2V = 0.03
PSISSV = 1.5
I2MV = 300

KY=5
IRR=1
AK3V = 115

PSIMAV = 0.6
f 3IvfV = I20

0.004

-0.116 73.880

al_ + a2 * t3 ê - 1.460

Yaw a structure

Inltia aw ator val"ues

L2.90

6.02

-6.87

1.30

PY=

0 .649

ai+a)

10

-toz

a!
IIb

0

0

0

0

1000

0

0

0

1000

0

0

= - 13.75a+
3

010



723,

Yaw regulator values after the vaw at I min.

a

ai

a)

bi
b

a++ai

I

3

I
2

-L6.347

7.948

-6.272

L.2T3

0.609

PY unknown

^toz I

3
L4 .67 L
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EXPERTMENT B3

Date
Tfme

DuratLon
PosÍt,Íon
htater depth
Forward draught
Aft draught
ttind direction
Wind velocity
Wave height
PSTREF

RREF

Rudder limit
DELIM at terrnLnation
Approxlmate mean vaLue

Of AN

Approxlmatê mean value
ofU

19 74-10-l-0
08.28
L4 min
N zga oLt E 5oo 2gl
40m
20.I m

20.4 m

SE (I; see Appendix A)

1 Beaufort (1-1.5 m/s,
0.5 m

Ll50, L57o
0.14 deg/s
rl50
Unknown

64.5 rpm

9.2 knots

llght air)

A program error caused the off-dlagonal eLements of the co-

variance matrlx P for the stralght course regulator parame-

ters to be put zero lnstead of the off-dtagonal element's of
PY f,or the yaw regulator parameters, when phase 2 of the yaw

regulator ldas lnitiated I whfch affected both the stralght
course keeplng and the Yawlng.

RequLator structure

NA=3
IREG o 15

NB=I
IRDIF = 0

NC=i.
RL = 0.98

(=4
IRR=1



74r.

al
a2

a3

b1

Final values

-14.891
20.054

-4.41CI

0.705

7.180

p=

a +a +a = 0.753I 2 3

Yaw regulator structure

0.579

-0.744
0.139

-0.0L9
4.765

1.352

-a.672

0.0CI5

-3.157

0.734

0.022

-2.480

0.010

0.014

010

98.402

NAY-3
IREGY = L0

AKIV o 40

CLV = 30

EPSIV = 0.02
P$ISV = 0.4
I1MV = 100

NBY=2
RLY Ë 0.95
AK2V - 1.4
C2V = 60

EPS2V = 0.03
PSISSV = l-.5
I2MV = 300

KY=5
IRR=1
AK3V = 115

PSIMAV = 0.6
I3MV = I20

Inlt.ial yaw regulator values

L2.9Aai

a)

000

0

0

0

0

1000

0

0

0

r_00Q

0

0

a I
3

6.02

-6.87 PY=

1.30

0.649

"i + .å + uå .= - 13.75

10bi



Final yaw Lator vaLues

-14.

6,l.79

-5.934

L.324

0,652

67L.445

-498.822

-139.348

-r7,265

-L2.495

L257.655

-456.727

-28.618

-23.926

L038.426

1".036

-5.841_

6.997

4.515

7 42.

7.

ai

a)

aj

bi

b

PY=

* "å - -L3.744a + a)II
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EXPERIMENT 84

Date
Time
Durat,lon
Positlon
lrfater depth
Forward draught
Aft, draught
T{índ dfrection
!üind velocfty
Wave height
PSIREF

RREF

Rudder llmit
DELIM at termination
Approximate mean value

of AN

Approximate mean value
ofu

L97 4-I0-10
L9.23
31 mln
N z7o 38' E 51o o9t
70m
20.1 m

20.4 m

S (2i see Appendix A)

1 Beaufort (f -f . 5 m/s ,

0.5 m

1570, ll,9o
0.07 deg/s
Not actlve
0.100

82;0 rpm

L4.9 knots

Iight air)

A program error caused the off-dfagonal elements of the co-
varÍance matríx P for the straight course regulator parame-
ters to be put zero instead of the off-diagonal element.s of
PY for t,he yaw regulator parameters, when phase 2 of the yaw

regulator was lnit,iated, whlch affected both the straÍghÈ
course keeping and the yawlng.

Re ator structure

NA=3
IREG = 15

NB=l
IRDIF = 0

NC=L
RL = 0.98

K=4
IRR=1



Fina1 values

-10.020
Lg.g75

-I2.195
0.772

L67.570

al
az

a3

b1

L5.692

-2r.352
6.094

-0.303
L20.492

3L.24L

-10.355

0.395

-159.480

4.756

-0.108
33.504

0.025

-0.213

759.

L720.745

p=

al * 
^Z 

*.3 = - 2.240

Yaw requlator structure

NAY=3
IREGY = 10

AKLV = 40

CIV = 30

EPSIV = 0.02
PSISV = 0.4
I1MV = 100

NBY=2
RLY = 0.95
AK2V = 1.4
C2V = 60

EPS2V = 0.03
PSISSV = L.5
I2MV = 300

KY=5
IRR=1
AK3V = 1I5

PSIMAV = 0.6
f3MV = L20

1000

0

0

InltÍal yar^r regulator values

a)

ai

bi

-12.90

6.42

-6.87

1.30

0.649

PY=

00

0 1000

00
00
00

10

010

*al ,+ = - 13.75I

I
I

a I a
3
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Fínal yaw requlator values

-14.6ai

-toz

a!

bi

6.953

-7.220

I.237

0.595

PY=

a) + a! = - 14.983

.793

-943.045

-185.826

-26.980

-23,2L5

2397.s0s

-1000.036

-57.732

-44.126

1518.064

-4.159

-19.200

11.491

8.270 l0 .884

+^t"1
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EXPERIMENT 85

Date
Tíme

Duration
Position
Water depth
Forward draught,
Aft draught
Wind direction
Wind velocity
Wave helght
PSIREF

RREF

Rudder limit
DELIM at terminatÍon
Approximate mean value

of AN

Approximate mean value
ofU

NA=3
IREG = 20

NB=1
IRDIF = 0

r97 4-10-r0
20.25
7 min
N 27o zs' E 5oo 47 |

40m
20.1 m

20.4 m

S (2i see Appendix A)

1 Beaufort (I-f.5 m/s,
0.5 m

rlgo, l350
0.07 ð,eg/s
r15o r20o
2.goo

80.5 rpm

l-4.6 knots

liqht air)

A program error caused the off-dÍagonal elements of the co-
variance matrix P for the straight course regulator parame-

ters to be put zero insteacl of the off-diagonal elements of
PY for the ya\^r regulator parameters, when phase 2 of. the yaw

regulator \¡Ias Ínitíated, which affected both the straight
course keeping and the yawing.

Regulator structure

NC=1
RL = 0.98

K-4
IRR=1



Fina1 values

9.722

-15 .834

L.47L

-0.2L6
L43.728

26.733

-0.314
0.387

-240.096

r1.546

0.074

-2r.858

0.008

-3.415

776,

235L.332

a1

2a

-3.
15.

-18.
I

116.

780-l

rB8 I

ssll
ot, 

I

zaol

p=a3

b1

al * uZ * t3 = - 7.589

Yaw requl ator structure

NAY=3
IREGY = 10

AKIV = 40

CIV = 30

EPSIV = 0.02
PSISV = 0'4
IIMV = I00

NBY=2
RLY = 0.95
AK2V = L.4
CZY = 60

EPS2V = 0.03
PSISSV = 1.5
I2MV = 300

KY=5
tRn=1
AK3V = 115

PSIMAV = 0.6
I3MV = 120

a II
a)

Inlt,fal yaw requlator values

-12.90

6.02

-6 .87

1. 30

a.649

PY=

b

000

0

0

0

0

100 0

0

0

0

1000

0

0

a!

bi 10

010

+uiaI +a
3 = - 13.75



Final yaw regulator values

-L2.27L

5.427

-6.987

L.283

0.634

L289.822

-1216.36r

-239.682

-34 .800

-29.943

130s. ss3

-1456.936

-86.287

-66.299

L427.064

-6.668

-28.r07

777 .

L4.2t6

11.753 L4.243

-to2

-to3

bi

PY=

ai+ai+af=-13.831
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EXPERIMENT 86

Date
Time
Duratlon
Posltion
Water depth
Forward draught
Aft draught
Vü1nd directlon
I¡üind veloclty
llave helght
PSÏRET

RREF

Rudder limit
DELIM at t,erminatlon
Approxlmate mean value

of AN

Approximate mean value
ofU

19 7 4-10-rr
08.51
25 mln
N 260 10, g 54o 33'
90m
20.L m

20.4 m

0 Beaufort (0-0.5 m/s, calm)
0m
11Oo , g7o

0.07 des/s
Not active
0.240

82.5 rpm

14.8 knots

A program error caused the off-diagonal elements of the co-
variance matrix P for the straÍght course regulator parame-
ters to be put, zero instead of the off-diagonar erement,s of
PY for the yaw regulator parameters, when phase 2 of the yaw
regulator $¡as inftÍated, whj-ch affected both t,he straight
course keeping and the yawing.

Recrulator structure

NA=3
ïREG = 20

NB=f
,ïRDIF = 0

NC=1
RL = 0.98

l(= 4

IRR=1



Flnal values.

-9.
13.744

-5.940
0.827

37.450

tl
a2

a3

b1

c1

p=

11.061

-15.415

4.340

-0.209
130.941

22.683

-7.343
a.247

-L72.030

3.120

-0.043
35.542

795.

2L76.874

al * 
"2 

* 13 = - 0.923

Yaw requlator structure

6.9

-7.2

L.2

0.6

PY=

000

0

0

0

0

1000

0

0

0

1000

0

0

0 .053

-L.L92

10

NAY=3
IREGY = 10

AKIV = 30

CIV = 10

EPSLV = 0.02
PSISV = 0.2
IIMV = 100

NBY=2
RLY = 0.95
AK2V = 1.4
C2V = 70

EPS2V = 0.03
PSISSV = 1.5
I2MV = 300

KY=5
IRR=t
AK3V = 130

PSIMAV = 0.6
I3MV = 180

Init,lal yaw regulator values

-14.IIa

a)

^to3

bi
bi 010

ai * u, * rå = - LA.e



796.

Final aw regula tor values

a

^to2

I
3

bi

-L4.735

7.I79

-6.892

1.193

0. s56

729.805

-726.67].

-293.449

-7.7t4

39.709

1835.190

-253r.493

-113.121

8t-.460

-26.47L

93.922

348.347

12.354

8.278

PY=

-35.225

ai+aj+a!=-L4.448

Notíce that PY ís not positive deflnlte, because of the program
error mentioned above.
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