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Abstract

The design and construction of special purpose vessels such as drillship and
shuttle tankers have been increased. These vessels install the DPS(dynamic
positioning systems) to maintain the position and heading for long-time operation.
This paper deals with the experimental method for model-based DP system and the
control theory and filter algorithms.

In this experiment, the length of model ship is 4 meters and it has three
thrusters to maintain the position. The ability of tracking along the given course
and keeping of heading in waves are confirmed. For the calculation of thruster
input the PID control theory are adopted and the effects of PID gain were
investigated. To estimate the low frequency motions Kalman filter and digital
filter were used and their effects were investigated.
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Table 1 Principal dimensions

Ship Model
LEP (m] 219.401 4.00
B (m) 42.00 0.766
Draft [m) at operating 12.00 0.219
Draft [m)] at transit 8.50 0.155
Dlsplacen.lenb (ton] 98 406!  0.596
at operating Draft
Displacement (ton)
at transit Draft 68.075, 0413
Model scale 54 .85 it

Fig.1 100.000 DWT drillship
( Conceptual view from bottom )
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Table 2 Calibration factor of camera
(Focus Length) = 25mm

yA Ax Px Vx [VPx | a
{mm) |(mm)] |(mm) {(Volt] |(V/mm) |(v/mm)
1500 | 100 {1,667 1.51| 0.906

1600 | 100 {1.563] 1.41] 0.902 0.900
1700 | 100 [1.471} 1.32]| 0.897 i
1800 |- 100 {1.389) 1.24| 0.893
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Table 3 Uncertainty of position Sensor
{Z=1500mm)

T Aexam Aca] EITOI' Std
arget] % ¥ 4 {rom) | (mm] | fmm] | (mm)
1 X1 100 | 9886 1.14 0.22
Y1 100 | 99.86 0.14 0.20
o X2 100 | 99.35 0.65 0.21
Y2 0 1.08 | -1.08 0.20
3 X3 100 10036 | -0.36 i 0.21
Y3 =100 1-9998 | -002 | 018
4 X4 0 000 000 Q19
Y4 0 0.00 0.00 0,20
5 X5 =100 |-100.25; 0.25 0.17
Y5 100 98.87 113 | 018
6 X6 -100 | -9957+1 -043 | 017
Y6 0 -0081 008 | 019
7 X7 -100 | -99.09| 051 0.20
Y7 -100 [ -99.19 ) -0.81 | 0.17
Mean X 0 |-0049( 0.049| 0.196
Y 0 0.093 | -0.093| 0.189
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Table 4 Thrust coefficient due to
thruster position

Position (+rps) (-1ps)
(x,y) Kt |KtKwe| Kt [Kt/Kto
Tix | (-14, 0}| 0.224 i52.3 % 0.183 |428 %
T2y | (-10, 0}| 0251 |58.7 %! 0228 (533 %
T3y | {16 0)| 0186 {435 %] 0.166 |38.8 %

( POW Kto=0.42791, D=140mm)
T
K=—t 3)

Thrust
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Fig.7 Coordinate system
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Table 5 Gain of PD controller
X Y ¥
case Px Dx [Py [Dy |Ps Dy
N/m |Ns/m |N/m |Ns/m [Nm/rad |Nms/rad
i 25 | 100 | 25 | 100 125 30
2 25| 100 | 25 10 125 30
3 % | 100 | 25 30 125 30
4 25 | 100 | 25 30 60 150
5 25 1 100 | 25 30 25 60

6002 FQF HiAsl Mz iF eAte} BF
HatE 78 Table 641 Jeplidz, 29 A
22 Table 79 st

Table 6 Position error due to PD gain

X Y Ui
C mean |std mean |std mean |std
2% |imm) |fmm) {[mm] |[[mm] |[deg] |[deq]
1 -44 | 61 |-106| 4.6 | 0.198| 0.604
2 -64 | 36 |-100} 14.0 } 0511 0.598
3 -65 | 65 |-114| 6.3 | 0527{1.126
4 121 | 49 25| 78 |-0248]0.864
5 90 | 55 96| 53 1-0543]| 04156

Table 7 Thrust due to PD gain

Tx Ty Txy

mean |std mean |std mean |std
Case p Im1 | 1 [ e
1 | 0.103] 0178 | 0252 | 1.383 | -0030 | 0.166
2 | 0158 0211 | 0249 | 0354 { -0.110 0165
3 | 01611 0198 | 0284 ] 0174 | -0113 | 0292
4 | -0302] 0244 [-0064| 0275 | 0263 | 2148
5 |-0227] 0231 [-0239 | 0173 | 0237 | 0344
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22 PD AT ol&she Al 2 A%
ozxig ezt AFHs £52 AdE sk
AE AWt £=& 3T S ATEY
il "e9] Afedle Fig 103 2ol nFake
AEE 25 AA% D Ay J20e & 23
81 98E & 4 ok ¥ CAY g9 #
T8 N=20% AMEs 132%<He] delHERE
FH% Ae aFoe AJEe] dot A5 ¢

Journal of SNAK, Vol 38, No. 2. May 2001



c2igdl i DPS HEAIY 7™

# Uck(Fig.11).

olelgt B4 Fig. 129 Fig.130] vebd 3
HE 59 o E9e ¢ 4 sled, @ g9
o] Aol 7R = Fo] A3 Wt A
2t oAe e Ay nads dEe] adz
ol Qlo] FR1Ho] wEA WHA HZEA
(wear and tear)S 4oA 77 F3L &
ZA171A B et} =% oAd g5 nyy
T B2 AANYE o w2 AFE A9l
AT o]d AL AITEAGRNZ QA WskA] &
v Uges 3PS BANA HS & 248
LT 4+ Ut

PID Gan Casz 5§ & Kalman Fiker : Velocity 400 - EX0sng

= Estimstion Vel

w i —— Command Lina
E 0 ek e — ]
£ T

a I A

A0 420 40 460 480 500 520 50 560 580 600

e A T
[ PN AN SN S SN S PN A
>

am i

A0 2K 40 450 480 500 5A) 540 SE0 SBC0 BOO
T T T

psidoi{deg’s)

Lo [
-2
40 €0 W40 480 &0 S0 54 S0 S0 s BN

time (sec)

Fig.10 Estimated velocity(Kalman Filter)
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Fig.11 Estimated velocity(Digital Filter)
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Table 8 Heading error and thrust due to
set heading (Hs=4.6cm)

H =
4 Gf:m Error of # Txy
Heading mean std mean std

{deg] | [deg] | [Nmj | [Nm]

10deg | -0.5969] 0.1173 | 0.2601 | 0.1968
20deg | -0.7963| 0.2165 | 0.34955 | 0.2847
30deg |-1.0739]0.3227 | 0.4700 | 0.3826
A0deg | -1.47821 0.4183 7 0.6390 | 0.4222
50deg |-1.6901]1.15691 0.7425 | 0.7488

Table 9 Heading error and thrust due to
set heading {Hs=8.8cm)

Hs=
8.8cm

Error of # Txy

mean std mean std

[deg] | [deg] { [Nm] | {Nm]
Odeg | 06645 | 0.1437 | -0.2938 [ 0.0819
10deg | 0.7281 | 0.2637 | -0.3259 | 0.1543
20deg | 0.4005 | 0.4156 [ -1.1765 | 0.2899
30deg |~0.1834| 0.6549 | 0.0900 | 0.4798
Adeg |-1.2192) 1.9018 [ 0.5181 | 1.6027
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Fig.15 Required thrust(Hs=8.8cm)
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