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Abstract

This report describes the details of the site acceptance tests for the delivery of a towing carriage at the
towing tank in the Flanders Maritime Laboratory, Ostend, Belgium. Part of this report has been published in
the tender for the carriage design EVFH_2019_04.

Safety > Risk Analysis > Scale Model Tests.

Final version WL2020R16_107_2 ]



F-WL-PP10-2 Version 7
Valid as from 3/01/2017



Design Towing Carriage - Sub report 2 — Site Acceptance Tests

Contents

L o 1] = Yot PSP URR 11
(01 a1 (=T o | £ PSP P PP PPTRTTT \
LISt OF £ADIES. ..ttt et s e st b et e a b e e s b et e bt e e h b e e s bt e e b et e nabeenabeesbeeenreenares Vi
Iy o 7 17 ={ U TSRS Vil
3R 10N o o (¥ ot i o] F TSP P SOV PPOURP 1
2 Kinematic and load design of the Carriage ......oceeveiiieei e 2
N B 1T 1 o Y7 Ty ] SRR 5
3.1 OVEIVIBW ..ttt ettt ettt ettt e sttt e e sttt e e st e e s eab e e e e s amre e e e s ame e e e s s re e e e sambaeeesamneeeesmnneessaneneesanreeeesan 5
3.2 KWVLCC2 ..ttt et b bt e bt e s bt s he e s at e s at e s bt e bt e bt et e e sbeesheesaeesabesabeembeenneenbeenseens 5
33 S ettt b e bt e sh e she e e a et et et e et e et e e bt e eheeeheesheeeateene e et e eteenteen 6

VI 11T g a b Lo Tol= ol ol=T o) = o [ =P 7
4.1 POSTTIONING e s 7
4.2 (@70 T=T = ¥ o] 1RO PPPPPPPPPPPN 7
4.2.1 (oY o ={i U e [aF: | ot T ATV ISRt 7
4.2.2 Y - ot [ o g - 1= PSP 8
423 YaW £ADIE e e s s s 8
4.2.4 RO EADIE ..t 9
4.2.5 Combination of longitudinal carriage, lateral carriage and yaw table ........ccccevvcveiiiieeecnen, 9
4.2.6 Combination of all SUb MEChaNISMS........c.coiiiiiii e 11

5 (DY oF- o Yol (ool =T o -] Tl < 12
5.1 o oY e AU Lo [T | ot T =Y = <SSR 12
5.2 Y oY | I or- [ o o =Y - SRR 12
53 1T 1 o LSRR RPR 13
5.4 [20e] | I8 71 o LTS PUPTOURRURRRRON 13
5.5 Combination of longitudinal carriage, lateral carriage and yaw table .........ccccovveveeiiiiciiiiieee e, 13

I (=T Y 1 ol o o 1T = oY o U 15
6.1 0 =11 ed o LT TR o] A USSRt 15
6.2 Longitudinal acceleration teSS.........uiiiiie i e 17
6.3 HarmMONIC SWAY TESES ettt 17
6.4 HarmMONIC YaW TESTS i 18
6.5 HarMONIC FOI TESES ..ttt sttt e b e s bt e saeesaee s 20

7 RETEIENCES ettt et b e bbb b e bt h et ettt e e b e b e b e e beenes 22

Final version WL2020R16_107_2 Vv



Design Towing Carriage - Sub report 2 — Site Acceptance Tests

List of tables

Table 1 — Design kinematic conditions of the carriage during manual positioning. ........ccccccceevevvveeeiniien e, 2
Table 2 — Design kinematic conditions of the carriage during test execution. ........cccecveveviieeeinceeeccciee e, 2
Table 3 — Kinematic aCCUracy dUING tESTS. .iviuuiiiiiiii ettt ettt et erree e e e e e sbee e e s sab e e e ssteeeesbteeeesabeeesenres 3
L] o] LR el DTy T o T [ Y- Yo PP 4
Table 5 — Ship data of T80 at design draft..........oiiiiiiiiiiii e e e ree e e 5
Table 6 — Ship data of C80 at design draft.........cccuiiiiii e e e e e e et re e e e e e e annes 6
Table 7 — Kinematic test runs for the longitudinal Carriage .......uueeivecciiiieii e 7
Table 8 — Kinematic test runs for the lateral Carriage ......oocuvieeeee e 8
Table 9 — Kinematic test runs for the yaw table...... ... 9
Table 10 — Kinematic test runs for the roll table ... e 9
Table 11 — Kinematic test runs for the combination of horizontal sub mechanisms........c..cccccoviriiniinnenen. 9
Table 12 — Kinematic test run for the combination of all sub mechanisms........ccccccooerieriininiinieee, 11
Table 13 — Dynamic test run for the longitudinal Carriage.......cccoovveeieeeii e 12
Table 14 — Dynamic test run for the lateral Carriage........ceevcueeeiieiee e e 12
Table 15 — Dynamic test run for the yaw table ........ooo i e 13
Table 16 — Dynamic test run for the yaw table ... s 13
Table 17 — Dynamic test runs for the combination of horizontal sub mechanisms........c.cccovveeiiiiiiiiiiieennnn. 13
Table 18 — Dynamic test runs for the combination of horizontal sub mechanisms: expected load............... 14
Table 19 — Straight liN€ teSt PAraMELEIS ...ccivuiiie it e e e bee e e s eabe e e e sate e e e sareeeeennres 15
Table 20 — Longitudinal acceleration test ParamMeEters . ... cueieieciee e 17
Table 21 — Harmonic SWay teSt ParamEterS......cccuuiiiiee ettt ee ettt e e e e e erere e e e e e e e s sasbreeeeeesessnnrssaeeeeeeennnnes 17
Table 22 — Harmonic yaw test PAramEters .......cccuviiiieee et e e e e e eare e e e e e e e s eanbere e e e e e e snateeeeeeaeesnnnes 18
Table 23 — Harmonic roll teSt ParamEters. ... e e e e et e e e e e e enreaeeeeeeeenannes 20

\ WL2020R16_107_2 Final version



Design Towing Carriage - Sub report 2 — Site Acceptance Tests

List of figures

Figure 1 — Kinematic test runs for the longitudinal Carriage .......cccccvvviveiiie e e 8
Figure 2 — Kinematic test runs for the lateral Carriage.......uoieveee e 8
Figure 3 — Kinematic test runs for the yaw table ... 8
Figure 4 — K_G001 — K_GOOG : trajectory SKETCHES .......cuevi ittt e e e ee e e e 10
Figure 5 — Kinematic test run for the combination of all sub mechanisms.........ccccooviieeiiiiiiciiiee e, 11

Final version WL2020R16_107_2 VIl






Design Towing Carriage - Sub report 2 — Site Acceptance Tests

1 Introduction

This report describes the tests that will be carried out on site to approve the new towing carriage. These
will be performed in the following order:

1. Visual check of the (main components of the) carriage and rails
2. Verification of the functionality of the (manual) commands

3. Verification of the functionality of the safety

4. Documentation and plans, i.e.:

a.

S@m S0 o0 T

User manual

Maintenance schedule

Main equipment data sheets

Datasheet of spare parts

Recommended spare parts list

Certificate of compliance

As built technical plans (electrical, hydraulic, mechanical, pneumatic,...)
Calibration certificates

5. Operator training
6. Testruns:

a.
b.
C.

Kinematic operation
Dynamic operation
Realistic operation

The present report provides more details on the test runs. The kinematic operation will check the
functionality of the carriage exploring the limiting positions, velocities and accelerations. The dynamic
operation will check the functionality of the carriage exploring the load limits. The realistic operation will
check the behaviour in normal, realistic test runs.

Final version
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2 Kinematic and load design of the carriage

To set the ideas the tables mentioning the design kinematic and dynamic conditions of the carriage are
mentioned here. However, the values written in the tender prevail. Heave and pitch steering are only
relevant for a hexapod setup. See the tender for more information on the axis system.

Table 1 — Design kinematic conditions of the carriage during manual positioning.

DOE Position in tank Velocities (if Ac.celerations
steered) (if steered)
Surge Between -17 m and (XTMAXY - 2 R, ?)) +1.000 m/s | *0.400 m/s?
Sway +9.75 m (except harbour limitations) +1.000 m/s + 0.400 m/s?
Heave Between 0.25 m and 2.25 m above tank bottom +0.100 m/s +0.050 m/s
Roll +20° +5°/s +1°/s?
Pitch +6° +5°/s +1°/s?
Yaw Between -365° and +365° (except harbour limitations) +5°/s +1°/s?
Table 2 — Design kinematic conditions of the carriage during test execution.
Velocities (if | Acceleration
DOF Position in tank es::ece:::)( (ci:estee::e?i) S
Surge | Between (XTMIN +2 R,,;) and (XTMAX - 2 R,,p,,) +3.000 m/s +0.400 m/s?
Sway +9.75m +1.300 m/s +0.700 m/s?
Heave +0.20m +0.700 m/s +0.700 m/s?
Roll +20° +16°/s +32°/s?
Pitch +6° +16°/s +16°/s?
Yaw Between -365° and +365° +16°/s + 8°/s?

The slip errors should be below:

- SLPX =0.01 m for the longitudinal carriage;
- SLPY =0.005 m for the lateral carriage;
— SLPPSI =0.100° for the yaw mechanism;

! Physical tank boundary (wall)
2 Yaw shaft radius

WL2020R16_107_2
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Table 3 — Kinematic accuracy during tests.

Velocity accuracy (if

Acceleration

DOF Resolution Position accuracy accuracy (if
steered)
steered)
; 0.5 N error: 3
Surge 0.1 mm 1.5 mm The maximum of00.5
mm/s and 0.50% 0.025 mm/s?
1.3 mm
Position accuracy when
performing a harmonic sway The maximum of 0.5 0.5 N error:
Sway 0.1 mm tion: 0.70% of th ti 0
motion: 0. %0 e motion mm/s and 0.50% 0.025 mm/s?
amplitude, but never larger
than 10 mm.
i 2.5 N error:
Heave | 0.05mm 0.15 mm The maximum of00.5
mm/s and 0.50% 0.050 mm/s?
0.03°
’ Position accuracy when The maximum of 0.08 °/s 0.1 Nm error:
R .01° ; ;
o 0.0 per.formlng a harmonic rc.>II and 3.00% 0.08°/5?
motion: 0.70% of the motion
amplitude
0.03°
Position accuracy when The maximum of 0.08 °/s 0.5 Nm error:
Pitch 0.01° performing a harmonic pitch d 9
) ) and 3.00% 0.03°/s?
motion: 0.70% of the motion
amplitude
0.03°
Position accuracy when The maximum of 0.08 °/s 0.5 Nm error:
Yaw 0.01°

performing a harmonic yaw
motion: 0.70% of the motion
amplitude

and 3.00%

0.03°/s?

3 Acceptable errors on a ship model with a displacement of 1 ton.

Final version
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Table 4 — Design loads.

Maximal load on ship model Maximal load on carriage
(Range of dynamometers)
DOF
Captive mode Free running Captive mode Free running mode
mode
Surge 1.0kN 6.4 kN
Sway 1.0kN 8.0 kN
Heave 10.0 kN >10.0 kN
p.m p.m
Roll 1.0 kNm 2.0 kNm
Pitch 8.0 kNm >8.0 kNm
Yaw 8.0 kNm 16.0 kNm

4 A safety factor has to be agreed for <. The maximal weight of a ship model is for instance 65 kN. This load will apply
when the towing tank is emptied involuntary. In such case a safety mechanism must be implemented, in this example
the ship model could be lowered.

4 WL2020R16_107_2 Final version
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3 Design vessels

3.1 Overview
The dynamic and realistic tests will be carried out with two public domain vessels, which are widely used in
manoeuvring and towing tanks over the world, namely the KVLCC2!®) and the KCS'®). The forces acting on

these vessels while manoeuvring are sufficiently known. FHR will have the ship models ready as described
in the following paragraphs.

3.2 KVLCC2

The dynamic load of the carriage will be checked with a 1/40 scale model of the KVLCC2 (T80).

Table 5 — Ship data of T80 at design draft (even keel)

KVLCC2 (T80) — single propeller — single rudder

Loy (m) 8.125 #propeller blades | 4

Lpp (m) 8.000 Dp (m) 0.2465
B (m) 1.450 P/D ) 0.721
T (m) 0.520 AEP (-) 0.431
Cs (-) 0.810 Ap (m?) 0.0698
m (kg) 4890 Model scale 1:40
KM (m) 0.6073 KM, (m) 9.9625

The ship model will be ballasted at full draft, with the following expected inertia, referred to the ship bound
axis system (origin amidships on the water plane):

0.280 + 0.008
EG = 0 ]m,
+0.01
1000 £+ 250 0 minimized
I= [ 0 19000 + 500 0 kgm?*
minimized 0 19000 + 500

The water depth will be 1000 mm.

. . . . BT _ 1.45-0.52
The maximum sailing speed is determined based on the blockage m = w170

. 3/,
~ f(arcsin(1 —m)
Frierien = | 2sin | ———— = 0.7657

= 0.0377. The critical
Froude number is:

The critical speed is then 2.398 m/s. The maximum test speed is 84% of that speed or 2.015 m/s. This value
is rounded to 2 m/s as maximum speed for the load test.

The ship model will be rigidly connected to the carriage (without dynamometers), but remains free to
heave and pitch in the 4 DOF setup.

> http://www.simman2019.kr/contents/KVLCC2.php
® http://www.simman2019.kr/contents/KCS.php

Final version WL2020R16_107_2 5
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3.3 KCS

The realistic operation of the carriage will be checked with a 1/29 scale model of the KCS (C80).

Table 6 — Ship data of C80 at design draft (even keel)

KCS (C80) — single propeller — single rudder

Los (m) 8.017 #propeller blades | 4

Lpp (m) 7.931 Dp (m) 0.2724
B (m) 1.110 P/D (-) 1.000
T (m) 0.3724 AEP (-) 0.700
Cg () 0.651 Ap (m?) 0.0646
m (kg) 2134 Model scale 1:29
KMy (m) 0.5154 KM, (m) 13.333

The ship model will be ballasted at full draft, with the following expected inertia, referred to the ship bound
axis system (origin amidships on the water plane):

—0.118 + 0.008
0 ]m,

—0.05+0.01
~ 300 £ 50 0 minimized
I= 8400 + 250 0 kgm?
minimized 0 8400 + 250
The water depth will be 986.9 mm (165% ukc).
The maximum sailing speed is determined based on the blockage m = BT _ LIIO372% _ (,0209. The

critical Froude number is:

Frperit1 = (25111(

arcsin(1 — m)

3/2
3 )) = 0.8247

RW ~ 0.9869-20

The critical speed is then 2.5829 m/s. The maximum test speed is 84% of that speed or 2.1696 m/s. During
the realistic test program the maximum speed will be 1.624 m/s (75% of the critical speed).

The ship model will be connected to the carriage with dynamometers and remains free to heave and pitch

in the 4 DOF setup.

WL2020R16_107_2
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4 Kinematic acceptance

The kinematic acceptance is performed without ship model attached to the carriage and in a dry tank.

4.1 Positioning

In manual mode the carriage elements will be subsequently and independently positioned to their maximal
values mentioned in Table 1.

4.2 Operation

The tests described in the following paragraph will be carried out and the results will be checked with
Table 3.

4.2.1 Longitudinal carriage

Only the longitudinal carriage is moved, the lateral carriage, yawing and rolling tables are positioned at
their origin. The acceleration a to steady speed u is performed during a time T as follows (t: 0 = T):

The acceleration (= deceleration) distance is d = u? The five tests mentioned in Table 7 will be performed
starting at one of the mentioned positions.

Table 7 — Kinematic test runs for the longitudinal carriage

Testrun | u(m/s) d (m) Steering interval (ms) | Steady distance (m) | Start position (m)
K_Co001 0.05 0.0375 250 130 0OR 134
K_C101 0.25 0.1250 125 130 0OR 134
K_C501 0.75 1.0594 25 130 O0OR 134
K_CAO01 1.50 4.2188 25 125 O0OR 134
K_CB01 3.00 16.8750 25 100 0OR 134

Final version WL2020R16_107_2 7
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Figure 1 — Kinematic test runs for the longitudinal carriage: trajectory sketch

4.2.2 Lateral carriage

Only the lateral carriage is moved. The longitudinal carriage is positioned at 70 m, the yawing and rolling
tables are positioned at their origin.

The two tests mentioned in Table 8 will be performed starting at one of the mentioned positions. The
acceleration is performed using the same methodology as for the longitudinal carriage, but this time the
acceleration times are given.

Table 8 — Kinematic test runs for the lateral carriage

Testrun | v (m/s) T (s) Steering interval (ms) Steady time (s) Start position (m)
K_MO001 0.65 1.400 25 25 -8.58 OR +8.58
K_M101 1.30 2.800 25 8.5 -7.345 OR +7.345

Figure 2 — Kinematic test runs for the lateral carriage: trajectory sketch

— E——
——
——
]

4.2.3 Yaw table

Only the yaw table is moved. The longitudinal carriage is positioned at 70 m, the lateral carriage and rolling
table are positioned at their origin.

The five tests mentioned in Table 9 will be performed starting at one of the mentioned positions. The
acceleration is performed using the same methodology as for the longitudinal and lateral carriages.

Figure 3 — Kinematic test runs for the yaw table: trajectory sketch

8 WL2020R16_107_2 Final version
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Table 9 — Kinematic test runs for the yaw table

Testrun | r(°/s) T (s) Steering interval (ms) | Steady time (s) Start position (°)

K_M201 0.32 0.6 100 2249 -359.84 OR +359.84

K_M301 | 2.18 | 0.425 25 329 -358.61 OR +358.61

K_M401 4.00 0.750 25 168 -337.50 OR +337.50

K_M501 | 8.00 1.500 25 84 -342.00 OR +342.00

K_M601 | 16.00 | 3.000 25 42 -360.00 OR +360.00
4.2.4 Roll table

Only the roll table is moved. The longitudinal carriage is positioned at 70 m, the lateral carriage and yawing
table are positioned at their origin.

The test mentioned in Table 10 will be performed in one of the mentioned directions. A harmonic roll
motion is imposed. The initial acceleration is performed using a similar methodology as for the other sub
carriages and takes one roll period. The steady state conditions lasts for 20 s. The start angle is always 0°.

Table 10 — Kinematic test runs for the roll table

Test run T (s) Start direction (°)

+/-

®a (%) Steering interval (ms) | Roll period (s)

K_M201 8 T

100 s

4.2.5 Combination of longitudinal carriage, lateral carriage and yaw table

These combinations are tested with the execution of harmonic yaw tests, during which the roll table is fixed
at its origin. The initial acceleration and the deceleration phase take half a period of the harmonic motion.
The steering interval is always 25 ms. The tests start at x = 0 m for the positive direction and x = 130 m for
the negative direction. Each test of Table 11 will be carried out in one of these directions. The test velocities
are expressed in the ship bound axis system (of the virtual ship).

Table 11 — Kinematic test runs for the combination of horizontal sub mechanisms

Testrun | ¥, (°) | u(m/s) Period (s) | 7Tayax (°/s) | Tuyax (°/s?) | Startdirection (°)
K_G001 32 0.50 86.00 2.3 0.2 +/-
K_G101 32 1.00 43.00 4.7 0.7 +/-
K_G201 32 1.50 28.67 7.0 15 +/-
K_G301 32 1.75 12.57 (4n) 16.0 8.0 +/-
K_G401 32 2.00 21.50 9.4 2.7 +/-
K_G501 31 2.50 18.1 10.8 3.7 +/-
K_G601 25 3.00 21.7 7.2 2.1 +/-

Final version
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Figure 4 — K_G001 — K_GO006 : trajectory sketches

Final version
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4.2.6 Combination of all sub mechanisms

The combination of all sub mechanisms will be tested with the parameters mentioned in Table 12. This test
is a combination of a harmonic longitudinal speed, harmonic roll motion and harmonic yaw motion. All are

expressed in the ship bound axis system (of the virtual ship). The steering interval is 25 ms. The initial
positions of the sub carriages are:

e x=40.000 m;
e y=-3492m;
e (¢=0.00%
e ) =-40.89".
Table 12 — Kinematic test run for the combination of all sub mechanisms
Testrun ug (M/s) | Ty (s) | @u(®) | paC/ls) | Tp(s) | @p () | 14 (C/s) | Tr(s) | &r(°)
K_MV01 2.00 60 0 4 10 45 7 30 135
Figure 5 — Kinematic test run for the combination of all sub mechanisms: trajectory sketch (top view only)
———]
b
| —

Final version WL2020R16_107_2 11
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5 Dynamic acceptance

All tests have to be carried out with the loaded scale model of the KVLCC2, as mentioned in 3.2. There are
no dynamometers connected to the ship model. The loads are predicted bases on a manoeuvring model
determined with scale model tests in the present towing tank (Delefortrie et al., 2016). As these predictions
are extrapolations, the predicted loads are kept significantly below the design loads.

5.1 Longitudinal carriage
During the longitudinal tests the following force acts on the ship model:
1 o
X=Xy, —m)u+ 3 pLTu?X'(B=0

For the design ship KVLCC2, the following values are used: (X; —m) = -6100 kg and %pLTX’([;:Oo) =-520

kg/m. The maximal design load is 6400 N. The test shown in Table 13 will be carried out at maximal
acceleration at one of the shown start positions. The expected load is below 50% of the design load.

Table 13 — Dynamic test run for the longitudinal carriage

Absolute force (N) Start
Test run u (m/s) .
. . . position (m)
At maximal acceleration At maximal speed
T8001A01_CcCO01 2.00 2960 2080 00OR 134

5.2 Lateral carriage
During the lateral tests the following main force acts on the ship model:
1 o
Y=, —m)v+ EpLTvzy’(B=i90 )

For the design ship KVLCC2, the following values are used: (¥;, —m) = -12500 kg and %pLTY’([g:igOo) =-

4000 kg/m. The maximal design load is 8000 N. The applied maximal acceleration is 0.35 m/s?, in this way
the expected load is below 60% of the design load.

Table 14 — Dynamic test run for the lateral carriage

Absolute force (N)
v .
Test run (m/s) Start position (m)
At maximal acceleration At maximal speed
T8001A01_MO001 | 0.65 4800 1700 -8.58 OR +8.58

12 WL2020R16_107_2 Final version



Design Towing Carriage - Sub report 2 — Site Acceptance Tests

5.3 Yaw table

During the yaw test the following main moment acts on the ship model:
1 1 N\ oo
N =W = I)i + 5 pL?T (E rL) N'(r=490%)

For the design ship KVLCC2, the following values are used: (N; — I,,) = -40000 kgm? and %pLZTN’(V=i9°°)
=-4000 kg. The maximal design load is 16000 Nm. The expected load is below 50% of the design load.

Table 15 — Dynamic test run for the yaw table

Absolute moment (Nm)
Test run r(°/s) Start position (°)
At maximal acceleration | At maximal speed

T8001A01_M601 | 16.00 6800 5000 -360.00 OR +360.00

5.4 Roll table

During the roll test the following main moment acts on the ship model:
K = (Ky — L) + K,p — AGMrg

For the design ship KVLCC2, the following values are used: (Kp — Ixx)= -1500 kgm? andK), = -160 kgm?. The
maximal design load is 2000 Nm. The expected load is below 50% of the design load.

Table 16 — Dynamic test run for the yaw table

Absolute moment (Nm)
0 . Start direction
Test run ©4 (°) | Roll period (s) At maximal )
At maximal speed .
acceleration
T8001A01_M201 | 5 T 30 900 +/-

5.5 Combination of longitudinal carriage, lateral carriage and yaw table

Table 17 gives an overview of the two harmonic yaw tests that will be carried out.

Table 17 — Dynamic test runs for the combination of horizontal sub mechanisms

0 . T 1] o Start direction
Test run Wy (°) | u(m/s) | Period (s) (If,”/‘z)){ (f,‘;‘:f) Ymax (°) )
12.57
T8001A01_G301 32 1.75 (4;) 16.0 8.0 18.1 +/-
T8001A01_G401 32 2.00 21.50 9.4 2.7 16.7 +/-

Final version WL2020R16_107_2 13
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The governing forces and moments during these tests are:

1 2
u? + (er> ]X'(V)

1 o 1
X = =pLTu?X'B=0) 4 —pLT
2 2
1 1 \?
Y = (Y, — mxg)i + SpLT u? + (ErL> y'®)

1 1 \?
N = (N; — I,)7 + 3 pL*T [u? + (ErL) N'D

For the design ship KVLCC2, the following values are used:

. % pLTX'B=9) = 520 kg/m;
e X' =0.006;

e V.=-0.08mL;

o Y'®=003;

e (N —1,,) =-40000 kgm?;
e N'®=0.035.

The maximal predicted loads are (see Table 18):

e 36% of the design load for the longitudinal direction;
e 17% of the design load for the lateral direction;
e 76% of the design load for the yawing table.

Table 18 — Dynamic test runs for the combination of horizontal sub mechanisms: expected load (absolute values)

X (N) Y (N) N (Nm)
Test run
f@ | fwr) | f@) | fwr) | f() | f(wr)
T8001A01 G301 | 1593 232 628 1160 5585 | 10820
T8001A01_G401 | 2080 245 212 1225 1885 1486

14 WL2020R16_107_2
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6 Realistic operation

All tests have to be carried out with the loaded scale model of the KCS, as mentioned in 3.2. The ship is
connected with dynamometers to the carriage. Accelerations are significantly below the carriage
capabilities.

6.1 Straight line tests

Four tests selected from Table 19 will be carried out. Tests at positive velocity start at x = 0 m. Tests at
negative velocity start at x = 130 m. The lateral carriage is always at zero position.

Table 19 — Straight line test parameters

Test run Longitudinal carriage velocity (m/s) | Yaw table position (°) | Roll table position (°)
C8001A01_CB10 0.1911 0 0
C8001A01_CB11 0.1911 2.5 0
C8001A01_CB12 0.1911 5 0
C8001A01_CB13 0.1911 10 0
C8001A01_CB14 0.1911 25 0
C8001A01_CB15 0.1911 40 0
C8001A01_CB16 0.1911 55 0
C8001A01_CB17 0.1911 70 0
C8001A01_CB18 0.1911 90 0
C8001A01_CBPO 0.1911 0 2.5
C8001A01_CBP1 0.1911 0 5
C8001A01_CBP2 0.1911 0 -2.5
C8001A01_CBP3 0.1911 0 -5
C8001A01_CBP4 0.1911 5 5
C8001A01_CBP5 0.1911 5 -5
C8001A01_CBP6 0.1911 -5 5
C8001A01_CBP7 0.1911 -5 -5
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Test run Longitudinal carriage velocity (m/s) | Yaw table position (°) | Roll table position (°)
C8001A01_CcCo0 0.3344 0 0
C8001A01_cCcC11 0.3344 5 0
C8001A01_CC12 0.3344 10 0
C8001A01_CC13 0.3344 -5 0
C8001A01_CC14 0.3344 -10 0
C8001A01_CEOO 0.6687 0 0
C8001A01_CE11 0.6687 5 0
C8001A01_CE12 0.6687 10 0
C8001A01_CF0OO 0.8359 0 0
C8001A01_CFPO 0.8359 0 2.5
C8001A01_CFP1 0.8359 0 -2.5
C8001A01_CI0O0 1.6240 0 0
C8001A01_CY00 -0.1911 0 0
C8001A01_CYPO -0.1911 0 2.5
C8001A01_CYP1 -0.1911 0 -2.5
C8001A01_CY23 -0.1911 10 0
C8001A01_CY26 -0.1911 25 0
C8001A01_CY29 -0.1911 -10 0
C8001A01_CY32 -0.1911 -25 0
C8001A01_Cz00 -0.4776 0 0
C8001A01_CzPO -0.4776 0 2.5
C8001A01_CZP1 -0.4776 0 -2.5
C8001A01_Cz23 -0.4776 10 0
C8001A01_Cz26 -0.4776 25 0
C8001A01_Cz29 -0.4776 -10 0
C8001A01_Cz32 -0.4776 -25 0
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6.2 Longitudinal acceleration tests

The two tests selected from Table 20 will be carried out. Tests at positive velocity start at x = 0 m. Tests at
negative velocity start at x = 130 m. The lateral carriage, yaw table and roll table are always at zero

position.
Table 20 — Longitudinal acceleration test parameters
Test run Average carriage velocity (m/s) Amplltude' of carriage Period of harmonic
velocity (m) motion (s)
C8001A01_MLOO -0.1911 -0.1911 100
C8001A01_MNO1 0.4776 0.4776 100

6.3 Harmonic sway tests

Four tests selected from Table 21 will be carried out. Tests at positive velocity start at x = 0 m. Tests at
negative velocity start at x = 130 m. The yaw and roll table are always at zero position.

Table 21 — Harmonic sway test parameters

Test run Longitudinal carriage velocity (m/s) Amplitu.de of lateral Period O].c harmonic
carriage (m) motion (s)
C8001A01_FB0OO 0.1911 0.3 50
C8001A01_FBO1 0.1911 0.3 80
C8001A01_FB02 0.1911 0.3 105
C8001A01_FBO3 0.1911 0.3 130
C8001A01_FD0OO 0.4776 0.3 36
C8001A01_FDO1 0.4776 0.3 80
C8001A01_FE0O 0.6687 0.3 32
C8001A01_FY00 -0.1911 0.3 130
C8001A01_FY01 -0.1911 0.3 90
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6.4 Harmonic yaw tests

Four tests selected from Table 22 will be carried out. Tests at positive velocity start at x = 0 m. Tests at
negative velocity start at x = 130 m. The roll table is always at zero position. The lateral carriage is moved in
such way to enable the harmonic yaw motion

Table 22 — Harmonic yaw test parameters

Test run Longitudi(nrzl/:)hip speed pg;/i‘iirjﬁif AmpI:;L;JT:(?;‘ yaw harrsz:izdr:oftion
yaw table (°) (s)
C8001A01_GAO00 0.09555 70 5 135
C8001A01_GB0O 0.1911 0 15 67
C8001A01_GBO1 0.1911 0 25 67
C8001A01_GB02 0.1911 0 35 67
C8001A01_GB03 0.1911 5 25 67
C8001A01_GB0O4 0.1911 -5 25 67
C8001A01_GBO05 0.1911 10 25 67
C8001A01_GBO0O6 0.1911 -10 25 67
C8001A01_GB0O7 0.1911 0 15 46
C8001A01_GBO08 0.1911 0 25 46
C8001A01_GBO09 0.1911 0 35 46
C8001A01_GB20 0.1911 0 10 67
C8001A01_GB21 0.1911 25 10 67
C8001A01_GB22 0.1911 -25 10 67
C8001A01_GDO00O 0.4776 0 5 34
C8001A01_GDO1 0.4776 0 10 34
C8001A01_GD02 0.4776 0 15 34
C8001A01_GDO03 0.4776 5 10 34
C8001A01_GD04 0.4776 -5 10 34
C8001A01_GDO0O5 0.4776 10 10 34
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e | et | S ety | P

yaw table (°) (s)
C8001A01_GDO06 0.4776 -10 10 34
C8001A01_GDO07 0.4776 0 5 23
C8001A01_GDO08 0.4776 0 10 23
C8001A01_GDO09 0.4776 0 15 23
C8001A01_GF00 0.8359 0 5 20
C8001A01_GF01 0.8359 0 10 20
C8001A01_GF02 0.8359 0 15 20
C8001A01_GFO03 0.8359 5 10 20
C8001A01_GF04 0.8359 -5 10 20
C8001A01_GGOO 1.1464 0 5 15
C8001A01_GGO1 1.1464 0 10 15
C8001A01_GGO02 1.1464 0 15 15
C8001A01_GZ00 -0.4776 0 15 46
C8001A01_GZz01 -0.4776 0 25 46
C8001A01_GZ02 -0.4776 0 35 46
C8001A01_GZ03 -0.4776 2.5 25 46
C8001A01_Gz04 -0.4776 -2.5 25 46
C8001A01_GZ05 -0.4776 5 25 46
C8001A01_GZz06 -0.4776 -5 25 46
C8001A01_Gz07 -0.4776 10 25 46
C8001A01_Gz08 -0.4776 -10 25 46
C8001A01_GZ30 -0.4776 0 5 46
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6.5 Harmonic roll tests

Four tests selected from Table 23 will be carried out. Tests at positive velocity start at x = 0 m. Tests at
negative velocity start at x = 130 m. Tests at zero velocity are at x =70 m.

Table 23 — Harmonic roll test parameters

Test run Longitudinal ship speed yz(\ilsitt;c;?eo(t) Amplitude r’of roll harr:g:iocdrr?c]:tion
(m/s) table (°) (s)
C8001A01_MAPO 0 90 5 14
C8001A01_MAP1 0 90 5 7
C8001A01_MAP2 0 90 4 3
C8001A01_MBPO 0.1911 0 5 600
C8001A01_MBP1 0.1911 5 5 600
C8001A01_MBP2 0.1911 10 5 600
C8001A01_MBP3 0.1911 25 5 600
C8001A01_MBP4 0.1911 40 5 600
C8001A01_MBP5 0.1911 55 5 600
C8001A01_MBP6 0.1911 70 5 600
C8001A01_MBP7 0.1911 90 5 600
C8001A01_MBP8 0.1911 -5 5 600
C8001A01_MBP9 0.1911 -10 5 600
C8001A01_MBPA 0.1911 -25 5 600
C8001A01_MBPB 0.1911 -40 5 600
C8001A01_MBPC 0.1911 -55 5 600
C8001A01_MBPD 0.1911 -70 5 600
C8001A01_MBPE 0.1911 -90 5 600
C8001A01_MCPO 0.3344 0 5 14
C8001A01_MCP1 0.3344 0 5 7
C8001A01_MCP2 0.3344 0 4 3
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Test run Longitudinal ship speed yzcv)vSitt;Z?eczf’) Amplitude ?f roll harr:s:i?:dn?cttion

(m/s) table (°) (s)
C8001A01_MEPO 0.6687 0 5 14
C8001A01_MEP1 0.6687 0 5 7
C8001A01_MEP2 0.6687 0 4 3
C8001A01_MGPO 1.1464 0 5 14
C8001A01_MGP1 1.1464 0 5 7
C8001A01_MGP2 1.1464 0 4 3
C8001A01_MYPO -0.1911 0 5 14
C8001A01_MYP1 -0.1911 0 5 7
C8001A01_MYP2 -0.1911 0 4 3
C8001A01_MZPO -0.4776 0 5 14
C8001A01_MZP1 -0.4776 0 5 7
C8001A01_MZP2 -0.4776 0 4 3
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