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E:XPERIMENT 87

Date
Time

Duration
Posit,i-on
lVater depth
Forward draught,
Aft draught
Wind dÍrect,ion
Wind veloclty
Wave heÍght,
PSTRET

RRET

Rudder llmit
DEL1M after the yaw

Approxímate mean value
of AN

Approximate mean value
ofu

1 9 74 -10-1 r
11.43
26 min
N 26a o7t E 55o 16r

100 m

20.L m

20.4 m

0 Beaufort (0-0.5 mrls, calm)
0m
97o, 7Lo

0.07 deg/s
*4o *1oo
o. g20

75.0 rpm

15.0 knots

The main engine trÍpped during the experiment. A program er-
ror caused the off-diagonal elements of the covarfance mat-
rix P for the straight course regulator paraneters to be put,

zero lnstead of the off-diagonal element,s of PY for the yaw

regulator parameters, when phase 2 of. the yaw regulator was

inÍtiated, whfch affected both the straight course keepÍng
and the yawing.

Regulator structure

NA=3
IREG = 20

ISPM = 600

NB=1
IRDIF = 0

INO=]

NC=l
RL = 0.98
ANO = 45

l(= 4

IRR=1
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Final values

a

a

a

b

c

I
2

3

L

I

-I2 .844
I8. 5I2
-7.225
0.432

L56.L77

P unknown

.1 f t2 * "3 = - 1.557

Regulator parameter values for low speed were used after
13 mín of the experj.ment", but initlal high speed parameter
values were Íntroduced again after 23 min.

Yaw regulator st.ructure

NAY=3
IREGY = 10

AKIV = 30

CIV = 10

EPSIV = 0.02
PSISV = 0.2
IIMV = I00

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

EPS2V = 0.03
PSISSV = 1.5
I2MV = 300

KY=5
IRR=1
AK3V = L20

PSIMAV = 0.6
I3MV = 180

0 100

010

Inlt,ial yaw regulator values

-L4.

100

ai

a)

a!

7.2

-6.9

L,2

0.6

PY=

0

0

0

0

bi

b

ai+ai*uå=-LA,A

0

0 0010
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Final yaw ator values

ai

ai

L4.2461

7.8e8 
|

-8.806 I

1.2e6 I

0.71J

PY=

223.039

-666.916

555.104

-4.729

-8.304

1600.364

-208.102

-78.567

-71.308

-514.165

42.855

41.513

bi 4.925

3.720 4.074

ai + ai + ai = - 1s.1s4

Notice that, PY fs not positive definite, because of the program

error mentioned above.

The yaw was not affected by the main engJ-ne trÍp.
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EXPERIMENT 88

Date
Time

Position

L97 4-I0-11
15.1?
N zso 25' E 560 2ol

It was not possible to read ttre paper tape from this experi-

ment.
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EXPERIMENT 89

Date
Tlme

ÐuratÍon
Position
lfater dePth
Forward draught
Aft draught
Wind directLon
Vtind velocÍtY
Wave helght
PSIRET

RREF

Rudder llmtt'
DELIM at termlnation
Approximate mean value

of An

Approxfmate mean value
ofU

L97 4-r0-L2
11.28
2I min
N z2a Lzt E 600 ot'
deep
20.1 m

20.4 m

0 Beaufort (0-0.5 m/s, calm)

0m
1710, 2030

0.07 deg/s
Not active
0.710

85.5 rpm

16.3 knots

Recrulator structure

NA=3
IREG = 20

.E'1nal vaLues

.661

NB=1
IRDIF = 0

NC=1
RL = 0.98

t(=4
IRR=I

ar.

az

a3

b1

13.078

-5.030
1.001

34.97L

rl+"2+43=-0.613

P r¡tl<¡rov¡n
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Yaw regul"ator structure

NAY=3
IREGY = I0
AKIV = 40

CLV = 10

EPSIV = 0.02
PSISV = 0. 15

I1MV = 80

NBY-I
RLY = 0.95
AK2V = L.4
CZY = 70

EPS2V = 0.03
PSISSV = I.5
I2MV = 300

KY=5
IRR=1
AK3V = 115

PSIMAV = 0.6
I3MV = 180

Inltial yaw reaul ator values

ai
ai

-14.8

7.8

-8. I
1.3

0.7

PY=

000

0

0

0

0

1000

0

0

ai

bi

100 0

0

0

0

L437.434

-6L9.447

-26.774

-24.218

10

LL42.L39

4.774

0.354

010I
2b

ai+ai+.å = - I5.8

Fina1 ya\ir regulator values

ai

ai

ai

-L5.

7.227

-8.735 PY=

I.336

0.745

842.963

-582.335

-238.814

-19.780

-16.483

bi 5.961

4.262 5.825

a1
+ ai + ai = - 16.889
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EXPERIMENT BTO

Date
Tfme

Duratíon
Posftion
Water depth
Forward draught
Aft draught
Infind dÍrect,Lon
!{ind velocity
Wave height
PSTREF

RRET

Rudder lfmtt
DELIM at termÍnatÍon
Approxfmate mean value

of Al{

Approxfmate mean value
ofU

847 .

r9 74-10-18
10.11
99 min
s r2o oz' E 4zo 4t'
deep
20.2 m

20.2 m

ENE (6; see Appendix A)

3 Beaufort (4-5.5 m/s, gent,le breeze)
3 m (sea from E)

2030, 1g5o , zrso, 1g5o , 2zso, 1goo,
20 30

0.07 deg/s
Not active
o.040

85.5 rpm

L7.9 knot,s

NC 0 K 5

Requlator structure

NA=3
IREG = 15

final values

NB=2
RL = 0.99

a

a

a

b

b

I
2

3

I
2

-L3.224
Ig. g52

-7 .459
0 .626
0.2L4

al + a2 + a3 = - 0.831

P unknown



849.

Initial yaw regulator structure

NAY=3
IREGY = I0
AKIV = 40

CIV = 10

EPSIV = 0.02
PSISV = 0.15
ILMV = 40

NBY=2
RI¡Y = 0.95
AK2V = I.4
CZY = 70

EPS2V = 0.03
PSISSV = 1.5
I2MV = 300

KY=5
IRR=1
AK3V = 115

PSIMAV = 0.6
I3MV = L20

Inftial yaw requl,ator values for the vaw at 9 mÍn.

ai

a)

a!

bi
bi

-15.4

7.2

-8.7

1.3

0.75

PY=

1000

0

0

0

100 0

0

0

000

0

0

0

0

10

010

ai+a) +a I
3 = - L6,9

Yaw regu lator values after the yaw at 9 min.

.817 4L2.070ai

ai

ai

bi

7.437

-7.966 PY=

1.309

0.760

-324.495

-16.705

-L.932

-2.404

8s6.484

-361.750

-18.392

-13.195

44L.8L2

2,ALL

-2.204

L.952

r.459 1.943

a1
* 

^i, 
+ at = - 16.346



849.

Inltial Ya\Á, regulator values for the yaw at 30 min.

ai
a)

-15.8

, 7,4

-8.0

1.3

0.76

PY=

0 1000

00
00
00

500

a!

bi

500

0

0 5

2.234

L.628

5

0b

ai+ai+ai=-L6.4

Yal¡r requlator values after the vaw at 30 min.

16.4 332.998a

-toz

-to3

7.498

-7.520

L.297

0.757

PY=

-26L.532

-L.202

-5.372

-6.350

693.874

-305.942

-15.238

-10.003

391.886

3.520

-0.334

b II
2.L17b

"i+^i+ai=-L6.422

Chanqe of yaw requlator s tructure at 40 min.

KY=4
IRR=3 (IDPSI = 5)



Initlal vaw requlator values for the y:r, at 49 min.

500

0

0

850.

^t-.717

5

1.781

1.353

ai

a)

-L6 .4

7.5

-7.5

1.3

0,76

00

PY= 0

0 1000

-to3

bi 5

0

0

0

0b

0

0

ct
T

*uL*.å=-16.4

Yaw requla tor values after the yaw at, 49 min.

-tol

-t"2
a!

b II

17.4381

7.43s I

-6.6e11

1.30e I

0.?8J

PY=

256.899

-227.056

43.434

-3.347

-4.846

62L.280

-277.],29

-14.966

-9.076

297.66I

3.282

-0.946

ai+al+ai=-LG,694

Chanqe of yaw recfu lator structure at 60 mín.

AK3V = I20



8s1.

Inltial. yaw requlator values for the yaw at 65 min.

ai
a)

-L7 .4

7.4

-6.7

1.3

0.79

PY=

0 1000

00
00
00

s00

ai

bi
bi

500

0

0

5

0 5

.i * ai + ai = - L6.7

Yaw regu lator values after the yaw at 65 min.

a)

^to3

bi

-18.020

6.853

-7.23L

L.292

0.783

PY=

306,112

-220.849

-70.393

-3.015

-2.997

763.456

-337.549

-20.739

-r5,997

393.669

7.457

2.502

1.908

L.344 L.824

ai+a)+uå=-18.398

InitÍa1 yaw requl"ator values for the yaw aE 79 mln.

ai
ai

-18. 0 2

6.85

-7.23

1. 30

0.78

PY=

s00

0

0

0

0

1000

0

0

0

s00

0

0

a!

bi
bi

5

0

a I +ui+"å=-18.40

5



Yaw re lator values af ter the

-19.119

6.2L8

-7.3L2

1.307

0.786

PY=

232.L80

-226.43L

-16.996

-0.077

-0.042

682.297

-31I.824

-13.30s

-9 .359

3L3.462

5.325

1.700

852.

0.707

aw at 79 min.

ai

-to2

^to3

bi

I

2
a+ai

0,763

0.570

Initial

+ a! = - 20.2L3

yaw rectu lator values for the yaw at 93 min.

ai

a)

I
2

b

a)+ai

-Lg.12

6 .22

-7 .3L

1. 31

0.79

00

0

0

0

0

1000

ai

bi
PY= 0

0

0

500

0

0 5

4.624

2.905

5

0

+ = - 20.2I

Yaw requlator va lues after the yaw at 93 min.

a!

a)

a!

bi

*ui

-19 .533

6.541

-6.603

1.305

0.823

64I.466

-232.89L

36. 314

-6.L76

-12. 535

1107.308

-252.368

-26.769

-11.023

683.220

1.807

-8.550

PY=

+ a!a 1 = - 19.595

4.850



Ê
--

a o a

ts
)

P
LO

Î 
B

læ
l{l

t}
-}

F
 B

le
P

l(l
} 

U
Ë

R
O

 -
ã8

 ã
8 

-B
Ë

LC
ûC

 B
gt

a
(Ð I R I

@ (J
l

(¿
)

I

f I
H

E
 IH

'
t

ø
.

6ø
,,

8ø
.

lw
.



854.

a

cÐ
rÐ

-
H
l-

a

a

t9

a

{s¡
{l

çl
Sr.9
f¡

6{'
t8
Þ.-J
H
¡

mrï
#
(rN
I

çÐtr
$,el
f'¡
ar\
fav
lr
lL
(Ð
.t-
I¡Ã
3
v
!D
G.
s¡
6
Þ()
d

a

(

t'

a

'ø2,-'0 [-'0'0I



855.

I

G¡
eû

-
r^JÊ
i-

a

a
(s¡
(.ct

a
eÐ
.:Û

&s
[.h¡
bJ

ffil-
*¡
lÅ¿É
I

ffisl
m
nl
I

ç¡
et
l¡¡
f\l
alr'a

f
ìt
G
ß-
@
;ii

6t
ô

'\þ
F
t,
tÐ
il
@
lD
Íû
l-g¡
J
&,

a

a

'øz'Íl [-'0'0I



856.

T
l¡JE a

eÐot-

a

a

e¡.t

..€É6;¡æ'

gt
\
(Ð
þl

è
ß.

l!
a

6
at

ao
I

ç,
ffi
&t
l\l
.lt
ut
t,
rF
ßI,
@
|rË
6fl¡
€̂¡S
iÐ
Y
rp
(b,
GI
{F
18

0"-
{::

*¡
åå.

I

-^-_-GtF

-:

...:-æ

a

sg "t 'ø w'g-^ ¡ '0-
a



857.

cio

I

I

I

I

t
t¡.l
¡-
t-

a
ñ
.iÎ

a
Q

ß
0-
t¡É

¿;
(Ë
t

60
.\l
Ð
,\
¡ov
F
ß.
Ët
1&Õ

6
ô
A
¡0
tFt
t,
ÇD
È
r¡¡
rFa
Ì-g
d

iq

'¿8'ttg'88'Gl€l



1].n 3!¡¡¡

a
'8tt

'lt

@l.l.
@

dra-¡aoa

IIti1i

S
¡G

tlX
 fl, 

8l gt (¿
t læ

19'(9t' 1&
ù¡8 r0.ld



I
a

'ø
61

ft,lllt'¡l¡
'ø

'6t?
a

IF

oìtn@

IGa(J|

gIotún

!

sÅ
O

il)l If'|. 
lI-O

ülu 
(81 td0l8c(s3,1d018 loìc



I

P
tf¡

T
 B

le
r!

 fi
61

çs
tG

P
! 
(8

' Z
E

R
O

 -2
 2

 
'U

3 
X

llt
ï$

I

f3
I I

@ oì o

a rt I
11

F
E

 {
rll

a
a

uØ
.

6ø
.

8ø
.

-lg
g.



¡
'gg

'Ø
tl

)
'ø

a
f H

¡ ilI¡
'Ð

g-
I(9f\tIc9t

.{roco

rgI€9t

8/9:¡g U
. 

g*g Z
'g- tË

32 (61)ld$t8'(9ll1d0l8 lgld



P
üÐ

T
 B

l S
P

l (
 l6

'-8
l G

P
? 

( 
I t

 ) 
3€

R
O

 -
S

 "
2 

O
 ,?

 
-Ê

U
m

 G
5Ð

/€
 {

8*
'ê

.å
}

,,t _l .¡ I

a s o a o I ^l G
Ð I

1l
 ll

E
 rl

l,
a

a
a

@ o\ f\)

a
!

lg
ø

.



pL
or

 B
ttp

t i
l6

l.B
tB

pt
 il

al
 z

E
R

o 
-o

.z
 B

.a
 

'B
P

sl
D

T
 D

gc
/s

 ( 
lD

P
lS

l r
E

)

I
¡ g a t

cs
¡ I ^r
a

(Þ I
1¡

H
E

 IH
'

8ø
.

a

@ o\ (,

2ø
.

4Ø
,

0,
T

 
'lg

g.



..¡ .,1

ì

P
L0

1 
8l

8P
l (

 I 
S

)-
E

t s
P

l (
 l3

 l 
li)

 1
88

 2
qÐ

 '
P

S
 I 

P
g 

I 
R

E
F

 ft
E

t

a o f\¡ (\
¡ a F (9 N

a s @

a € (4

@ o\ À

1l
 H

E
 rr

lt

a
2ø

.
uø

,,
6A

--
--

-l-.a
ø

'L
gt

.



-
ii al t

P
üO

f 
Ê

le
P

l (
lS

rr
'B

lE
P

e(
l 2

 3
 T

 g
) 

'1
5 

l6
 

'ß
E

C
U

-ñ
I0

R
 F

ftR
#f

fi€
lE

R
S

è-

a,
o a,

\

a
3

J- T
IH

E
IH

I

a

c9

b,
a t ts I cd f\¡ I

@ ot (t
l

¡
a

4ø
.

a.
8Ð

.
'tø

0,



'ag
t

rH
r 3l{lt

LY
)

Þ[;
ItL¡"
It

'ø
9

'ø
g

æ
á-æ

-r.!

'ø
tl

'g

\o\0@

I¡\t
e.t€a(5¡
aIt

,v

r

a

S
üA

¡$$efüU
d ¡Ë

gå$'lí13ãU
 ilU

A
- 

ê¿
 9Z

- {Í¡1 B
 I ¿

 8}ec$38-{gl}ldG
tg f0Ë



:ll

ftl

P
LO

T
 B

læ
l(l

E
)-

l¡P
 E

tg
pe

fit
' Ð

 { 
.t{

Ð
O

yf
t$

I

@ ('\ \¡
a e

llH
E

 tä
l

l
2ø

.
4g

l.
a.

lø
4.



EXPERIMENT 811

Date
Time

DuratÍon
Positlon
Water depth
Forward draught
Aft draught
Wind dÍrectfon
Wind velocity
Wave height
PSIREF

RREF

Rudder limit
DELlIvl at termination
ApproxÍmate mean value

of AN

l\pproxlmate mean value
ofU

868.

1974-10-18
13.04
46 min
s r2o 30' E 42o 30'
deep
20.2 m

20.2 m

NE (5, 6i see Appendix A)

3 Beaufort (4-5.5 mrls, gentle breeze)
2 m (sea from NE)

zo4o, l8oo , zzso, lgoo
0.07 deg/s
Not acti-ve
Unknown

85.5 rpm

17.7 knots

NC=0 K 5

Requlator st,ructure

NA=3
IREG = 15

Final values

NB=2
RL = 0.99

a

a

a

b

b

I
2

3

1

2

13.917
20 .837
-7.849

0.645
0.L92

"I*.2+13=-0.929

P unknown



Yaw reg.ulator st,ructure

IDPSI = $

869.

0.783

NAY=3
IREGY = 10

AKIV = 40

ClV = I0
EPSIV = 0.02
PSISV = 0.15
I1MV = 40

NBY-I
RLY = 0.95
AK2V = 1.4
CZV = 80

EPS2V = 0.03
PSISSV = 1.5
I2MV = 300

KY=3
IRR=3
AK3V = L20

PSIMAV = 0.6
I3MV = 150

Initíal ya$t requlator values for the Vaw at 2 min.

ai -r9.53

6.54

-6.60

1. 31

a .82

PY=

500

0

0

0

0

500

0

0

0

500

a)

I
2

b

a!

bi

I *^i

0 5

-20.339

6.62L

-5.699

1.323

0.821

PY=

-153.743

-41.883

-1.181

-0.844

546.L96

-230.400

-1r.307

-10 .305

315 .06r

4.956

2.367

5

0.745

0.616

00

a + a = - 19.59
3

Yaw reqiulator va lues after the vaw aE 2 min.

268.805

^to2

ai

bi

at + ^i* a! =- L9 .4L7



870.

InÍtial vaw recrulator values for the yaw at 16 min.

ai
a)

a!

bi
bi

-20.34

6.62

-5. 70

1. 31

0 .82

PY=

s00

0

0

0

00

0

0

0

0

500

0

0

I

0 1

ai+ai+a!=-L9.42

Yaw regulator values al 24 min.

a -22.679

6.616

-5.095

l. 321

0.822

PY unknown

a i + a) + at = - 21.158

Initial vaht requlator values for the yaw at 3L min.

II
^toz

ai
bi

II
I
2

I
3

II

a

a

a

b

b

-22.6 I
6.62

-5. l0

1. 3l

0.82

PY=

500

0

0

0

0

500

0

0

0

500

0

0

I

0

+^tor a
2

+al=-2L.L6
5

T



871.

Yaw requlator values after the vaw at 3I mfn.

24.9L 369.611ai

a\

ai

bi

6.629

-5.083

L.325

0.824

-36r.661

3.954

-0.866

1.041

L034.462

-488.299

-L3.245

-12.880

411.048

6.715

4.852

0.6L2

0.441 0.552b

a + ^to2II

PY=

+ a = - 23.370
3
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EXPERIMENT 812

Date
Time
Duration
Posi-tion
I'iater depth
Forward draught
Aft draught
ülfnd direction
û'Ilnd velocity
lrlave height
PSIRET

RREF

Rudder limÍt
DELIM at terminatÍon
Approximate mean value

Of AN

Approximate mean value
ofU

Regulator s ure

19 74-10-1 I
13.52
41 min
s r3o oo I E 42o 2ol

deep
20.2 m

20.2 m

NE (5, 6i see APPendix A)

3 Beaufort (4-5.5 m/s, gentle breeze)

2 m (sea from NE)

r8oo , z2so, r8oo, 2250

0.07 deg/s (0-35 min) '
0.14 deg/s (35-41 min)
Not active
Unknown

85.5 rpm

17. B knots

NC=0 K 5NA=3
IREG = 15

FinaL values

NB=)
RL = 0.99

a

a

a

b

b

I
2

3

L

2

-14.001
20.837
-7 .7 42

0.650
0.197

.l * aZ +.3 = 0.906

P unknown



Yaw requlator structure

IDPSI 5

888.

NAY=3
IREGY = 10

AKIV = 40

ClV = 10

EPS1V = 0.02
PSISV = 0. 15

IIMV = 40

NBY=2
RLY = 0.95
AK2V = 1.4
C2V = 80

EPS2V = 0.1
PSISSV = 1.5
I2MV = 300

KY=)
IRR=3
AK3V = I20

PSIMAV = 0.6
f3MV = 150

Initial yaw resulator values for the yaw at 2 min.

ai
^to2

-25.00

6.62

-5.10

1. 31

0 .82

500

ai
bi
bi

PY

0 500

00500

000

000
1

0 I

23.48+ai aia

Yaw regulator values after the yaw aL 2 min.

I

2
+

a)

ai

ai

bi
bi

ai + a) + a! = -

-26 .07 3

6.L64

-5.168

1.303

0.812

PY

312.138

-2L4.L78

-6r.6L2

-1.170

-0.043

666.2L6

-350.575

-6.940

-6.445

383.342

4,497 0.284

0 .203

25.077

3.10 0.251



889.

Initial yaw requlator values for the yaw at 20 min.

ai
^to2

bi

ai

bi

26.07

6.L6

-5. l7

1. 30

0.81

PY= 0 500

00
00

00

0

0

0

0

500

I

0

ai + ai + ai = -15.08

Ya\n/ regulator values after the vaw at 20 min.

28.

5.911

-3.669

L.299

0.805

PY=

42L.5L2

-303.251

-48.991

-3.336

-2.790

1154.956

-579.292

-20.109

-14.114

5I7.920

10. 312

5.37L

I

0 .968

0.672

L
a

a)

ai

bi

b 0.763

a 1
+ a) + a! = - 26.134

Inftial yaw regulator values for the yaw at 37 min.

II
I
2

a

a

a!

28. 38J

s.erl

-3.671

r.30 I

o. ,r-]

500

bi
PY=

0 500

00
00
00

500

0

0

1

0b

a I + a) + ai = - 26.L4

1



Yaw regulator values after the yaw at 37 min.

-29. r01

5.883

-2 ,4L8

1.303

o .8I5

PY=

209.880

-L70.925

34.681

-0.782

-1.179

493.423

-235.097

-7.69L

-4.736

311.261

3.288

0 .660

890.

0.459

a\

ai

ai

bi
bi

"i * ai + a! = - 25.636

0.455

0.323
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EXPERIMENT 813

Ðate
Time
Duration
Position
Water depth
Forward draught
Aft draught
ltlind direction
Wind velocity
Wave height
PSTREF

RREF

Rudder limit
DEL1M at termination
Approximate mean value

of AN g5.5 rpm
Approxi-mate mean value of

of U L7 .7 knots

Regulato rs tructure

906.

197 4-10-18
14 .49
69 min
s l3o 40' E 42o o2l
deep
20.2 m

20.2 m

NE (5,6i see Appendix A)
3 Beaufort (4-5.5 m/sr gentle breeze)
1.5 m (sea from NE)
22so, lgoo , 22so, lgoo , 2250, 2a4o
0.07 deg/s (O-56 min) ,
0.2L deg/s (56-69 min)
Not active
Unknown

\
I

\

\

i
I

I
I

NA=3
ïREG = 15

Final va1ues

NB=)
RL = 0.99

NC=Q K 5

a1 -14.436
21.611

-8.203
0.661
0.215

az

d.^J
b1

b2
l

I

al*u2+a3=-1.029

P unknown



Yaw regulator structure

KY=2
IRR=3
AK3V = L20

PSIMAV

I3MV =

ÏDPSI 5

907 .

NAY=3
IREGY = I0
AK1V = 40

ClV = 10

EPSIV = 0.02
PSISV = 0.15
IIMV = 40

NBY =
RLY =
AK2V =

C2V =
EPS2V

PSTSSV

I2MV =

2

0.95
I.4

80

= 0.1
= 1.5
300

= 0.6
150

Initial yaw regulator values for the yaw at I m].n.

^to1

bi

ai + a) + ai = -

-35.00

5.91

-3,67

I.30

0.81

500

a)

a!

I

2
b

PY

0 500

0 0 500

000
000

1

0 1

32.76

Yaw requlator values aft,er the yaw at, I min.
\
!
i

\
1

ì

i
I

I
t

I

)

ai

a)

a! PY

-36.191

5. 915

-2.606

1.306

0.80j

478. s10

-490.041

38. 8sB

0.993

-0.39s

1360.51-2

-66L.526

-13.705

-7.2I4

565.202

5.772

1.504

0.410

0,?73

bi

b

+ai+ai a! 32 .882

0 .318



908.

InÍtiaI ahr re tor values for the aw at 16 mLn.

aj -38.00

5. g1

-2 .6I

1. 30

0.81

00

^to2

ai

1

0

0

0

0

0

500

PY 0 500

00
00

bi
bi

I

I
3

a+a

2
a+ai 34.70

Yaw regula tor values after the yaw at 16 min.

ai
^t"2

38. 965

5.536

-1. 518

1. 310

0.811

PY unknownai

b

bi

++al a a! 34 .9 472

rnitial aw lator values for the aw at 29

00

0 500

PY 00500

min.

a)

ai * 
^b, 

+ ai = -

aj -40.0

a!

5. 54

-L .52

1. 30

0. 81

bi

b,
0

0

0

0

01
00

35.98

1



Yaw requlator values a fter the yaw at 29 min.

362.6s7

-334 .834

-1.341

0.446

-0.199

1081.050

-539.284

-11.820

-6.807

473.293

5.755

2.226

0. 307

0.203

909.

0.222

ai .869

-!o2

a!

5.545

-1.100 PY=

1.306

0.806

a)+ai=-36.424

bi

+ai

Initial aw re lator value s for the aw at 43 min.

ai

a)

+ai

-40.8 500

5.54

-1.10

1. 30

0. 81

)+a!=-36.43

Yaw regulator values after the yaw a t 43 min.

I

3

I

1

a

b

b

PY=

0 500

00
00
00

500

0

0

1

0 1

a

ai
I
2

a

41.589-

5.488

-0. 531

1.308

0.814

PY unknowna!

bi
b

a
1

* uL + ai = - 36.632



910.

InLt,Ial yaw resulator values for the yaw at 57 min.

ai

oz

-41.60

5.49

-0.53

1. 30

0. 81

00

0

0

0

0

0

0

500

ai

bi

ai + a:, + ai = -

PY 0 500

01
b

36.64

Yaw re ator values after the yaw at 57 min.

00 I

ai

bi

ai

ai

ai + ai + ai E -

-{L.60

5.49

-0.53

l. 30

0.81

PY unknown

b

36 .64

I

I

l

I

Ì

I

I
I

I
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EXFERTMENT 814

Dafe
Tfme

Ðuratfon
Positlon
Water depth
Forward draugh.b,

.A,ft draught,
Wind dfrection
Wind velocity

Wave heíght,
PSTREA

RREF

Rudder timit
DELlIr4 at, te¡mlnation
Approxlmate mean val.ue

of AN

Approxímat,e mean value
ofU

I97 4-10-19
a8 .29
68 min
s r7o szt E 39o 54 '
deep
20.2 m

20.2 m

N (4i see Appendix A)

3-4 Beaufort (4-8 n/s, gentle to
moderate breeze)
4m
zogo , 2Lao, 2ogo , zago, 20go , zogo
2o8o , zLoo, 206C-, 2r2o, zozo
0.07 deg/s
Not active

0. 990

85.5 rpm

17.0 knots

NC=0 K 5

0.9s1

Resulator st,f Lrct,ure

NA-3
IREG = 15

Fina1 values

NB=/
RL = 0.99

p=

al 18. 996

29.767

-1I. 306

0. 700

4.273

-I.420
0.551

-0.018
0.013

3,275

-L942
-0.011

-0.072

1.454

0.028

0.060

0.004

0.002

az

a3

b
2

tlo.2+êq=-0.535

0.005
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Inlti al vaw regulator sLructure

NAY :i 3

IREGY = I0
AKIV = 40

CIV = L0

EPSIV - 0.02
PSISV * 0.15
IIMV * 60

NBY=2
RLY = 0.95
AKZV = 1.4
CZV ,: 80

EPSZV = 0.03
PSISSV = 1.5
I2lr{V = 300

KY=2
IRR =
AK3V =

ÏDPSI 5

I

J

r20

PSIMAV

I3MV =
= 0.4
r50

Ini lal yåw requlator values

ai
ai

a!

-41.6L

5.49

-0. s3

1. 30

0.81

PY

500

0

0

0

0

500

0 500

bi

ai

001

b 000

+ =- 36.65

Chanse of yaw requlator structure at 18 min.

AK2V 1.6

dhanqe of yaw regulator structure at 31 min.

-toz+ a!

AK2V - 1.8
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943.

EXPERTMEÑT 815

Date
Tfme

Durat,ion
Positlon
Water depth
Fon¡¡ard draught,
Aft draught,
lfind dlrectl"on
!{lnd velocity

lVave height,
PSTRsF

RRET

Rudder limlt
DELIM at termlnation
l\pproxlmat,e mean value

of AN

Approximat,e mean value
ofU

19 74-10-19
09.51
59 min.
s 1Bo 2gr E 39o 34,
deep
20.2 m

20.2 m

N (4, 5i see Appendix A)

3-4 Beaufort (4-8 m/sr gentle to
moderate breeze)
3-4 m

2ozo, zzso, lgoo , 22so, lgoo
0.07 deg/s (0-47 min)
0.14 deg/s (47-59 min)
Not active
-0 .570

85.0 rpm

17. I knots

NC=0 K-5

Regulator structure

NA=3
TREG g 15

NB=2
RL = 0.99



944.

az

F ina values

äl -20,29

a3

3I.260

-L2,075

4.702

4.256

Pa
bI

at*ar*"3s-1.lll

aw re to st ct e

0 .430

-0.584

0.198

-0.012
-0.003

L.245

-0. 719

-0.0002

-0.020

0.569

0.013

0.023
0.002

0.001

ïÐPSI = g

0.002

NAY*3
ïRËGY * I0
AK1V = 40

ClV o 10

EPSIV * 0.01
P$ISV * 0. lS
ILMV - 60

NBY=2
Rf,Y s 0.95
AKZV = 1.8
C2V * 80

EPSZV = 0.03
PSÍSSV = 1.5
IZMV = 300

KY=2
IRR=3
AK3V = I2O

PSII,IAV = 0. 4

I3MV = 1S0

Inf t 1aLvawrequ1ätor values for the yaw at 2 min.

ai
a)

-41. 6L

5.49

-0.53

l. 30

0. g1

PY=

00

0

0

0

0

500

0

0

0

500

0

0

a!

Ib

b
1

0

aj + a) * .å = - 36.65

1



¡

Yå$¡ resulâtof va lues after the yaw at 2 min.

945.

a

a

b

II
I
2

II
I
2

a!

b

-41.6L0

6.078

0.299

L. 305

0.820

PY unknown

ai + ai * 
"å 

ã - 38,243

ai

a)

ai

Inft al 1^¡ fe lator va lues for the awat13m ].n.

No change, see above!

Yaw re ct r values after the aw at 13 m].n.

-43.55 2I0.072

-59,415

-87.663

-2.073

-1.650

4,94L

0. 896 PY=

1.299

o. 809

aj + a) + a! = - 37,72A

Inftlal VâhT TEqulato r values fo

529.770

-292.586

-8.58s

-5. 516

296.564

5.26I

2.54r

0.266

0. I81 0.200

bí

r the aw at 32 mi-n.

a

a

a

bi
b

I

1

I
2

43.56

4.94

0.90

1. 30

0.81

500

0 500
I
3 0 500

00
00

1

0

0

0

0

*t

ÞV

1



946.

v w uLa tor values after the yawat3 2 min.

al
^toz

I
3

l
t

ét

b

b

-43.927

4.53g

0,679

L.295

0.901

PY unknown

ai + ai * *å = - 38.611

ïnftial yatr regulatorv alues for rhey aw at 49 min.

No change, see above!

Yaw re u cl va1 s afte r the aw at 49 min.

-43 .841 252,622

-66.307

-92.024

5.296

PY= 39L.749

L0.072

1.868

aj + a) + a! e - 36,987

aj

a)

aj

bi
1.559

1.321

0.919

-5. 996

-I.464

612.953

-316.671

-10.851

-r0.872

0.594

0.229 0.582
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962,

EXPERIMENT C].

Date
Time
ÐuratLon
Positlon
Wãter depth
Forward draught
Aft draught
lrtlnd dlrectlon
wind velocfty

t{ave hetght
psïREr

Rudder timit

L97 4-10-16
10.35
33 mln
s ooo 27' E 48o 50'

deep

20.2 m

20.2 m

S (8; see Appendix A)

3-4 Beaufort (4'8 m/s,
moderat,e breeze)
4m
20go

Not active

gentle to

Þrobably mlsleadÍng measurements of U, Vl and V2 due to air-
bubbles below the doppler logs. The yaw rate signal R rlttas Ii-
mfted to +0.03 deg/s.

Paråmeter values of the PID-regulator

-1 T = 15 skP ,' o'5 ko = 135 s kr = L/L35 s s

The parameters $tere manually tuned before the experiment

started.

Stat,lstlcs (mean value and standard deviation)

DELfA

PSÏ-PSTNEF

AN

U

V ã 0.4661

1.60 * L21 deg

0.024 t 0.252 deg

85.65 t 0.26 rpm

L9.25 * 0. I0 knots

uz = 0.21,0
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97 3.

EXPERTMENT C2

Date
Time

Duratlon
Posit,lon
Wat,er depth
Forward draught
Aft, draught,
Wlnd dlrect,lon
Wind veloclty

l{ave helght
PSIREF

Rudder lfmlt

L97 4-r0-L7
16.50
37 min
s o7o 4or E Aso 06'
deep

20.2 m

20.2 m

SE (7 i see Appendix A)

3-4 Beaufort (4-8 m/s,
moderate breeze)
3-5m
20go

Not active

gentle to

The yaw rate signal R was llmit,ed to *0.03 deg,/s.

Parameter values of the PID-regulator.

-1kP
D

T =15sS

Tire parämeters were manually tuned before the experiment
started.

Statlstics (mean value and standard deviation)

1.3 k =105s kr = r/ro5 s

1. 83 t l. 58 deg

0.026 r 0.397 deg

85.97 * 0.27 rpm

L6.52 * 0.20 knots

DELTA

PST-PSTREF

AN

U

VI * 0.743

É 0.408V .)
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It

EXPERIMENT C3

Date
Tlme

Durat,ion
Posttion
lrlater depth
Forward draught
Aft draught,
Wínd dlrectlon
Wfnd velocity

ülave helght.
PSTREF

Rudder llmit,

L97 4-L0-2L
12.58
87 min
s zgo 05' E 3zo 19'
deep

20.2 m

20.2 m

SW (1; see Appendix A)

8-9 Beaufort (I7-24 m/s,
st.rong gale)
10 f (sea frc'm SW)

2r50
Not. active

kr = I/L50

984.

fresh to

T = L5 ss

fhe yaw rat,e signal R was limited to 10.03 deg/s.

Paramet,er vålues of the PIÐ-re lator

Inftfal values:
kpt1.9 kD=150s s -T

*1
Flnal values:
kp = 1.6 k =105sD kï = L/I05 s Ts = 15 s

The paramet,ers were changed several tj-mes during the experi-
ment.



985.

Statis tics (mean value and standard cleviation)

DELTA

PSI-PSTREF

AN

U

t = 6,226

= 6.055V
2

1.31 * 6. 11 deg

0.203 * 1.510 deg

48.75 x 0.71 rpm
4.55 t 0.31 knots
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996 .

EXPERTMENT Dl

Date
Time

Duration
Position
Water depth
Forward draught
Aft draught
Irrind dÍrect,ion
lVind veloclty

Wave height
PSÏREF

197 4- 10-t9
11.00
62 min
s 1Bo zgt E 39o 34 '
deep
20.2 m

20.2 m

N (4, 5; see Appendix A)
3-4 Beaufort (4-B m/sr gentle
moderate breeze)
3-4m

to

r8oo , 225q-,

1950 , 2050,
0.07 degr/s

Not active

tB90, l91o,
210.30

195

209

190

2I0

o

o

o

o
I

RREF

Rudder limft
Approxlmate mean vâ1ue

of AN

Approximate mean value
ofU

85.5 rpm

18.0 knots

The signal R-RREF was limited to *0,0 3 d,eg/s. The first
yaht was int,errupted because of the motion of another ship.
The saÍlmaster was switched on after 57 min. of the experi-
ment.

Parameter values of the PÏD-requlator.

Straight
kp = I.7

Yawing:
kp = I.2

course
k

keeping:
= 120 sD Ik I/L20 s -1 T

S

r I/4 kD s

l- s 10s
k

D
(1+3 lRl ) . t2o s k -1

15s
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EXPERTMENT D2

Date
Time

Duration
Position
Water depth
Forward draught
Aft draught
Wind directÍon
Wind velocltY
V{ave height
PSIREF

RREF

Rudder limit,
Approximate mean value

of AN

Approximate mean value
ofU

1007.

L97 4-10-19
13.21
66 min
s 19o 08' E 39o 14'

deep
20.2 m

20.2 m

N (4, 5; see APPendix A)

3 Beaufort (4-5.5 m/s, gentle breeze)

4m
21oo , zz5o, 18oo , 225'^, zLo-5o, 2La.6

0.0? deg/s (0-32 min),
0. 14 deg/s (32-50 min) ,

0.07 deg/s (50-66 min)

Not active

85.5 rpm

L7.2 knots

The signal
master was

R-RREF was limited to t0'03
switched on after 52 min of the

deg/s. The SaiI-
experiment.

-l

o

Parameter values of the PlD-requlator.

Straight
kP = L'7

Yawing:
kp = L.2

course keeping:
kD=120s -1k I L/L20 s T 15 s

k (1+3lRl).120 s
D Skr L/4 kD s T

The value of kn for yawing ltras changed to L.7 after 44 min

of 'bhe exPeriment.

lC s
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1018 .

EXPERIMENT EI

Date
Time

Duration
Position
Water depth
Forward draught
Aft draught
Wind direction
!{ind velocity
V'Iave height
PSIRET

Rudder Iimít.
DELAMP

AKID

IREG

L974-10-20
09 .40
78 min
s z3o 56' E 360 ro '
deep

20.2 m

20.2 m

S (8; see Appendix A)

2 Beaufort (2-3.5 m/s,
2-3m
2r50
Not active
^o -oJ15

tt

10s

Iight breeze)

Open loop experiment for identification. Probably misleading
measurements of U due to air-bubbles below the doppler log.

S tatis tí s

Standard deviationMean value

DELCOC

DELCOM

DELTAS

DELTA

PP

AN

U

V1

v2
R

AVR

DPSTDT

PSI

deg

deg
deg
deg

deg/s
rpm

knots
knots
knots
deg/ s
deg/ s

deg/s
deg

-0.
-0.
-0.
0.
0.

85.
14.

-0.
-0.

40

39

42

76

0089

44

33

40

L4

0068

0054

0 012

98

0

0

0

2L6

3.77
3.76
3.BB

3. 3B

0.0652
0.93
2.98
0 .11
0 .52
0.0466
0.0388
0.0429
5 .54
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I032.

light breeze)

closed loop experiment for identificatíon using additive rud-
der dist,urbances.

St,at,istics

I Mean value

EXPERIMENT E2

Date
Time

Duration
Position
l¡later depth
Forward draught
Aft draught,
Wind direction
Wind velocity
Wave height
PSIRET

Rudder limlt
ÐËLAMP

AKTD

IREG

DELO

DELCOC

DELCOM

DELTAS

DELTA

PP

AN

U

V1

v2

R

AVR

DPSTDT

PSI

L07 4- 10-20
13.08
59 min
s z4o 4g' E 35o 341

deep
20.2 m

20.2 m

S (8; see Appendix A)

2 Beaufort (2-3,5 m/s,
2m
2120

r rob
50

2

10s

0.40
0.06
0.07

-0.02
1. 15

-0.0053
85.23
L7 .L4

-0.35
-0.14
0.0056
0.0046

-0.0002
2I2.77

deg

deg

deg

deg

deg

deg/s
rpm

knots
knots
knots
deg/s
deg/ s

deg/s

deg

4 .25
6.55
5. 90

5 .92
6.30
0.0511
1.02
0 .27
0.17
0.51
0.0653
0.0610
0.0669

2 .67

Standard deviation
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EXPERIMENT E3

Date
Time

Duration
Pos ition
Water depth
Forward draught
Aft draught
Wind directi-on
Wind velocity
Wave height
PSIREF

Ruclder limit
DELzuVIP

AKID

IREG

DELCOC

DELCOM

DELTAS

DELTA

PP

AN

U

V1

v2

R

AVR

DPSIDT
PSI

Closed loop experiment for identification not using additive
rudder disturbances. The feed-back was changed after 31 min

of t,re experiment. The experiment had to be terminated because

of the large oscillations.

Stati s t.í cs

1.047.

L974-10-20
14.29
36 ntin
s z4o 55' E 35o 2gl

deep

20.2 m

20.2 m

S (B; see Appendix A)

2 Beaufort (2-3.5 m/s, light breeze)
2m
2L20

*1ob
0()

0.5 (0-3f min), 3 (31-36 min)

10s

0.95
0.75
0.88
1.71
0.0015

85.63
17.15
-0.39
-0.14
0.0r13
0,0073
0.0032

zLO .43

5.13
3.5r
3.45
4.07
0.0594
0.98
0.17
0.14
0.52
0.0660
0.0569
0.0618
3.AR

deg

deg

deg
deg

deg/s
rpm

knots
knots
knots
deg/s
decj / s

deg/s
deq

Standard deviationMean value
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EXPERIMENT E4

r061.

L97 4- I0-2 0

L5.29
61 min
s zso ll' E 35o 18'

deep
20.2 m

20.2 m

E (6, 7 i see APPendix A)

2 Beaufort Q-3 -5 m/s, light breeze)

3-4m(seafroms)
2L40

uoi active
30

0

10s

Date
Time

Duration
PositÍon
Water dePt'h

Forward draught
Aft draught
Wind direction
Wind velocitY
Wave height
PSTREF

Rudder limit
DELAMP

AKTD

IREG

Open loop experiment for identification'

tatistics

2 .58
2.6L
2 .80
2.4L
0.072L
0.95
0.14
0.13
0.48
0.0502
0.0387
0.0435
6. 89

Standard deviationMean value

DELCOC

DELCOM

DELTAS

DELTA

PP

AN

U

VI
v2

R

AVR

DPSTDT

PSI

deg

deg

deg

deg

deg/ s

rpm

knots
knots
knots
deg/s
deg/ s

deg/ s
deg

0 .47
0.50
0 .42
1.60
0.004r

85.78
L7 .56
-0.40
-0. t9

0.0103
0.0067
0.0038

2r2.98
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