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11.6 Operability analysis

It is of interest to see how much the operability can be improved by using the proposed active

roll damping system. To accomplish this, it is suggested to expose the vessel with different sea

sates in the waves directions (βw ) 0-180°with 10° increment. Furthermore, each of the sea states

will be carried out with 20 different wave seeds. For every seed will the maximum roll and pitch

angle be sampled and used to in a Gumbel distribution, see Section 6.4. The 95 percentile is

used and compared with the standards of Helideck Certification Agency (2016), if the value is

below the criteria, i.e. 3°, it will be defined as valid for the given sea state.

Figure 11.9 represents the flow chart of the operability process for a given peak period. The if

statements introduced to the right of the chart act as a break in the loop. This is implemented

because it is not necessary for the script to run 20 seeds if there is a high probability that the

95 percentile will be below the criteria. The program will update the wave direction only when

the maximum roll or pitch angle are exceeded, the operability vector will then be updated with

the last feasible significant wave height. The simulations are quite time-consuming, and it is

estimated that for the sea peak periods represented in Figure 11.15 requests in excess of 20.000

simulations, this is the main reason why it does not exist many of these kinds of analysis in the

literature according to Perez (2005, p.135).
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    De�ne Tp & Hsmax

         For

Beta= 0:10:180˚

While Hs<=Hsmax

   Hs=Hs+0.25 m

      For

Seed = 1:20

If seed=1 & 

max roll <1.5˚ &

max pitch<1.5˚

Run simulink

else

When seed = 20

Gumbel pitch

Gumbel roll

Update 

operability 

vector

If 95\%CDF pitch<3˚

or 95\%CDF roll<3˚

else

Reset Hs=0

Figure 11.9: Operability flow chart.

On the following page are the operability diagrams for peak periods 8.5-12.5 presented.
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Figure 11.10: Operability diagram Tp = 8.5 s.
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Figure 11.11: Operability diagram Tp = 10.5 s.
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Figure 11.12: Operability diagram Tp = 9.5 s.

0o 10o 20o
30o

40o

50o

60o

70o

80o

90o    β
w

 [deg]

100o

110o

120o

130o

140o

150o
160o170o180o

H
s
    0.00 m

0.25 m

0.50 m

0.75 m

1.00 m

1.25 m

1.50 m

1.75 m

2.00 m

2.25 m

2.50 m

2.75 m

3.00 m

With Roll Control
Without Roll Control

Figure 11.13: Operability diagram Tp = 11.5 s.
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Figure 11.14: Operability diagram Tp = 12.5 s.

In general, the operability diagrams show significant improvement around beam waves, which

was expected. Moreover, the effect is even larger at oblique incoming waves. This effect is be-

cause pitch motion will be the dominant motion for a larger incoming wave angle regime when

active roll motions are used compared to when no roll damping systems are used. When roll

control is not active the, pitch motion is the dominant motion for head sea and following sea

with ±10°. When roll control is active, pitch is the dominant motion up to at least ±30°. This

indicates that it will be less important to keep heading while landing a helicopter, or carrying

out roll critical operations.

Furthermore, cost-benefit analyses can be made for each wave direction by using the diagrams

and calculating the probability of experiencing waves below the criteria depicted in the dia-

grams 11.10-11.14. This is carried out using the wave statistics from the Heidrun area during

2013, provided by Haver (1985). From this data is it possible to find the distributions of wave

height given peak period using a lognormal distribution:
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f (h) = 1

h · sn
p

2π
e
− (ln(h)−ln )2

2s2
n ,

ln =eµ+σ
2/2, (11.1)

sn =(eσ
2 −1)e2µ+σ2

.

Using this probability density function the wave heights can be distributed between peak peri-

ods 8-13 s. This is illustrated in Figure 11.15.
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Figure 11.15: Lognormal probability density distribution of the significant wave heights given
peak period.

The PTO, see Section 6.5, was calculated using the summed probability that the vessel would ex-

perience waves with lower significant wave heights depicted in the operability diagrams figures

11.10-11.14 given the peak period range 8-13 s. Equation (11.2) can be utilized to calculated the

PTO with respect to incoming wave direction.

PT O(β) = 100
∑
j ,k

(Pr(Tp j ) ·Pr(Hsk <OL|Tp j )). (11.2)
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The operability for a unstabilized and stabilized vessel are depicted in Figure 11.16. Further-

more, the Increase in Time Operable (IPTO) due to active damping can be illustrated by using

the relation found in Perez (2005):

I PT O = (PT Os −PT Ou), (11.3)

where the subscripts represents stabilized and unstabilized. The IPTO is presented in Figure

11.17.
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Figure 11.16: Percentage of time operable dur-
ing the year 2013.
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erable during the year 2013.
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Figure 11.16 presents up to 72.5% percentage of time operable and the maximum improvement

is 50.4% (Figure 11.17), which is a significant improvement. As mentioned is the effect largest

at oblique waves, to illustrate this effect the IPTO is divided in three diagrams areas, e.g 20-60°,

70-110°, and 120-160°.

Table 11.2: Mean IPTO for three incoming wave direction regimes.

Incoming wave direction Mean improvement
20-60° 34.6%

70-110° 20.9%
120-160° 34.5%

The results from Table 11.2 and the depiction from the operability diagrams indicates that a ves-

sel can be more flexible regarding wave direction when helicopter landings take place. It could

be especially useful when several incoming directions occur at the same time. Furthermore, the

results depict the efficiency of the proposed active roll damping system for moderate sea states

which can have several areas of use, such as increase crew efficiency, crane-operation, gang-

way operations. The latter operation could this system especially be useful since the operation

is critical to roll motion and usually there is only a given location where the gangway can be

placed, i.e. the vessel can not be flexible regarding the incoming wave direction.
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Chapter 12: Conclusion and Recommenda-

tions

12.1 Conclusion

This thesis has studied the feasibility of using conventional thrusters to actively damp roll mo-

tions of vessels. Since the thrusters build thrust from 0-100% fairly slow, it was determined that

more efficient roll reduction is obtained by varying the thrust between a non-zero lower limit

and maximum, e.g. 20%, and 100%. The trade-off between a lower limit and the reaction time

was found by optimizing the thruster reaction time with the control gains, using a PSO algo-

rithm. Several typical trials related to roll motions were conducted experimentally in order to

examine to what degree the roll motions would be damped for different conditions using the

proposed anti-roll system. With the help of decay tests, it was established that the proposed ac-

tive roll reduction more than doubles the damping ratio. Furthermore, a series of regular wave

experiments was used to find the RAO and study the damping effect at certain wave period.

It was found that 40% damping was introduced around resonance frequency. Moreover, three

different irregular wave spectra were used to excite the vessel. These were long-crested beam

waves with significant wave heights of 1.5 meters. The statistical roll properties, except max-

imum roll, was reduced somewhere between 50-70% when the proposed active roll damping

system was used. This stands in contrast to today’s used method of constant shaft speed, where

the improvement was measured to be between 10-15% damping. Moreover, the probability of

non-exceedance was calculated for peak period 11.9 seconds. The results showed that 98% of

the roll peaks were below the helicopter landing criteria, i.e. 3°. Without roll control this was

125
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calculated to be 54%. Additionally, the predicted power consumption was calculated in order to

study whether the thrusters have sufficient power, and also in order to study fuel consumption.

Finally, the open water characteristics were compared with the thrust and roll rate during con-

stant shaft speed during the experiments. Two sampling methods were utilized. However, the

results showed some circular behavior. This phenomenon was discussed, but no certain con-

clusions could be drawn from the results. Even though this effect occurs, the active roll damping

system has been validated to be efficient, and it can be concluded that the system is comparable

with cycloidal propulsion damping.

Additionally, a numerical simulations model was created and finely tuned regarding the find-

ings from the experimental campaign. The main advantages of using a numerical model are

that it makes it possible to study other effects that were impossible to carry out during the ex-

periments, and also that using a numerical model utilizes the simulation model to get initial

control parameters that were used during the experiments. The numerical regular waves were

used to tune the trade-off between thrust variation and reaction time, and also to study the ef-

fect of the proposed active roll damping systems for larger wave heights. It was determined that

the damping at resonance was above 50% if the wave heights were smaller than 1.2 meters. A

study of the effect of the thruster momentum arm showed that the damping increased by 11%

per meter extension. The vessel was also exposed to different numerical long-crested irregular

waves, in order to examine the effect for different sea states. For the higher sea state, the effect

of damping was significantly lower, due to the fact that the wave-exciting forces was so big that

the thruster could not provide a sufficient counteracting moment. Lastly, operability diagrams

were made for different incoming wave directions to study the increased operational time for

helicopter landing on ships. This study showed that the operation time would increase with

34% for oblique waves and 20% for beam waves.

The main purpose of this thesis has been to study the feasibility and performance of a proposed

active anti-roll system using conventional thrusters. Based on the results, it can be concluded

that the system works very well for moderate sea states, and that the damping contributions,

that is to say in moderate sea state conditions, is comparable to that of currently available anti-

roll systems.
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12.2 Recommendations for further work

• An investigation of the open water characteristics in oscillatory flow should be carried

out experimentally, seeing as the simulation model cannot be fully utilized until all the

dynamics are correctly represented.

• Review the wear and tear that will be inflicted upon the propulsion system.

• The proposed anti-roll control system should be merged with a standard DP-control sys-

tem, because one would not usually sacrifice losing course and position to damp roll mo-

tions.

• Due to the fact that the model experiments validated the damping contribution, the next

natural step is to carry out full-scale preliminary trials.
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Appendix A: Propeller model

A.1 Wageningen Fourier series

Table A.1: Wageningen B4-70 propeller 4-quadrant model Fourier coefficients.

k AT BT AQ BQ

0 2.5350E-02 0.0000E-00 2.4645E-03 0.0000E-00
1 1.7820E-01 -7.4777E-01 2.6718E-02 -1.1081E-01
2 1.4674E-02 -1.3822E-02 1.6056E-03 1.5909E-04
3 2.8054E-02 1.0077E-01 6.5822E-03 1.6455E-02
4 -1.6328E-02 -1.1318E-02 -2.2497E-03 -2.0601E-03
5 -5.3041E-02 4.7186E-02 -7.8062E-03 8.5343E-03
6 6.0605E-04 1.0666E-02 2.4126E-04 8.7856E-04
7 3.6823E-02 -9.0239E-03 6.1475E-03 -3.1327E-03
8 -2.5429E-03 -7.8452E-03 -1.6065E-03 -9.6650E-04
9 -1.7680E-02 2.3941E-02 -3.3291E-03 4.3190E-03

10 2.7331E-03 8.0787E-03 1.2311E-03 1.2453E-03
11 2.1436E-02 -1.4942E-04 3.1123E-03 9.5986E-05
12 -2.4782E-03 -3.1925E-03 -1.2559E-03 -7.9986E-04
13 1.2317E-03 9.2620E-03 1.3948E-03 1.5073E-03
14 5.0980E-03 1.5527E-03 8.8397E-04 2.4595E-04
15 7.8076E-03 -6.5683E-03 5.0358E-05 -1.6918E-03
16 -3.7816E-03 -6.1655E-04 -7.9990E-04 5.1603E-04
17 3.5353E-03 5.1033E-03 1.3345E-03 1.1504E-03
18 5.3014E-03 -6.0263E-04 1.1928E-03 -4.7976E-04
19 2.1940E-03 -8.2244E-03 -1.3556E-04 -1.4566E-03
20 -2.8306E-03 -6.3789E-04 -7.0825E-04 2.3280E-04

I
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A.2 Values from the experiments conduced by Huse and Børre-

sen (1983)

Table A.2: Values from the experiments conduced by Huse and Børresen (1983)

No force on thrusters 2/3 of full power on thrusters
Time [s] Roll [deg] Time [s] Roll [deg]
0.4792 6.3770 0.3895 13.1356
2.4391 5.9481 2.3004 7.2034
4.4754 4.7632 4.2435 3.6441
6.4478 3.7201 6.1576 2.4576
8.5307 3.2437 8.2492 1.7797
10.4287 2.8622 10.0334 1.1864
12.4496 2.4332 11.8197 0.4237
14.4086 2.0515 13.9041 0.3390
16.3647 1.8116 15.6208 0.2542
18.3865 1.3353 17.6429 0.2542
20.2788 1.2373 19.8509 0.0847

Figure A.1: Experiments from Huse and Børre-
sen (1983), no force on thrusters

Figure A.2: Experiments from Huse and Børre-
sen (1983), 2/3 of full power on thrusters



Appendix B: Simulink Blocks

Color coding of Simulink blocks:

• GREEN: Sources (inputs ports, constants, etc.)

• RED: Sinks (output ports, terminators, to workspace blocks, etc.)

• CYAN: Memory blocks: Integrators, unit delays, memory, transfer functions, state space

blocks, etc.

• ORANGE: GOTO blocks.

• MAGENTA: FROM blocks.

• YELLOW: All remaining blocks.
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B.1 Simulation model

Figure B.1: Simulation model. Consisting of wave and decay load generators, ship model, nonlinear PD roll control, and thruster
allocation.
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B.2 Thruster allocation

Figure B.2: Thruster allocation: Containing shaft speed dynamics and thrust calculation using L-method. The switch is added be-
cause the first time-step will give NaN.



Appendix C: Additional Information

C.1 Pump efficiency

Figure C.1: Pump efficiency as function of the propeller power density, based on a regression on
bollard pull model test at MARINTEK. Found from the lecture notes of Sverre Steen referanse.
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Appendix D: Wave Calibration

This appendix contains the waves that were used for the experimental trials. Section D.1 illus-

trates the how the wave amplitudes behaves over time, and Section D.2 shows the irregular wave

amplitudes. The amplitudes ζ are scaled to full scale and the time is model scale.

D.1 Regular Waves
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Figure D.1: Wave elevation over time for period full scale equal to 11.9 seconds.
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Figure D.2: Wave elevation over time for period full scale equal to 14 seconds.
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D.2 Irregular Waves

T [s]
0 200 400 600 800 1000

ζ 
[m

]

-1.5

-1

-0.5

0

0.5

1

1.5
T

p
 = 9.6 s

Figure D.3: Wave elevation over time for peak period full scale equal to 9.6 seconds.
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Figure D.4: Wave elevation over time for peak period full scale equal to 11.9 seconds.
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Figure D.5: Wave elevation over time for peak period full scale equal to 14 seconds.



Appendix E: Electronic appendix

This appendix contains the description of the enclosed electronic appendix. The folders are

structured as follows:

Folder: Simulation model

• main.m: Script used for running simulations.

• M_visc.mat: Structs containing the values from VERES and retardation functions.

• t_r.m: Estimates the reaction time.

• modHydro.m: Modifies the hydrodynamic coefficients from VERES.

• RollDampingSim.slx: SIMULINK simulation model.

Folder: Movie

• Decay.mp4: Movie of the decay test with and without roll control.

• Irregular_wave_11_9.mp4: Movie of the experiments with and without roll control during

irregular waves.

Folder: Poster

• Poster.pdf: Poster presentation of thesis for the Master Poster Exhibition 2016.

XII
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Folder: Experimental results

• Folder runs: Contains all the experimental runs that were stored, represented in binary

form.

• catman_read_5r8.m: Post-processing script 1.

• num2catman: Post-processing script 2.

• Open_water_azipull.xlsx: Results form open water tests for Azipull thrusters.

• Open_water_bow.xlsx: Results form open water tests for bow thrusters.

• UDP.slx: SIMULINK model used for experimental trials.

The experimental trials relevant to this master thesis are represented Section E.2. Furthermore,

the description of the channels used during the experiments is explained in section E.1.

E.1 Experimental measurements

The measurements contains 66 different channels, however, not all of them are used. The sig-

nals not used are defined as Not Used (NU). The channels also distinguishes between Measured

Signal (MS) and Control Signal (CS). The former represents what actually is measured. The lat-

ter, represents the signals the vessel were receiving from the computer. The control signals was

only used to study if there occurred any discrepancy during measurements. The abbreviations

used in the descriptions are presented in Table E.1 and the channel list is presented in Table E.2.

Table E.1: Abbreviation list.

Abbreviation
NU Not used
MS Measured signal
CS Control signal
SF Sampling frequency
BT Bow thruster
SP Starboard pointing
PP Port pointing
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Table E.2: Channel list.

Channel Channel Name Unit SF [Hz] Description

1 DAQ time stamps [s] 25 Time series for SF 25

2 DAQ time stamps SR2 [s] 200 Time series for SF 25

3 DAQ time stamps absolute [h:m:s] 25 Time series for SF 25 (NU)

4 DAQ time stamps absolute SR2 [h:m:s] 200 Time series for SF 200 (NU)

5 n72_vel_ctrl [rps] 200 CS: shaft speed BT 2

6 n70_vel_ctrl [rps] 200 CS: shaft speed BT 1

7 n69_vel_ctrl [rps] 200 CS: shaft speed AT 1

8 n71_vel_ctrl [rps] 200 CS: shaft speed AT 2

9 n09_pos_ctrl [deg] 200 CS: AT rudder 2

10 n11_pos_ctrl [deg] 200 CS: AT rudder 1

11 n72_vel_meas [rps] 200 MS: shaft speed BT 2

12 n70_vel_meas [rps] 200 MS: shaft speed BT 1

13 n69_vel_meas [rps] 200 MS: shaft speed AT 1

14 n71_vel_meas [rps] 200 MS: shaft speed AT 2

15 n09_pos_meas [deg] 200 MS: AT rudder 2 (NU)

16 n11_pos_meas [deg] 200 MS: AT rudder 1 (NU)

17 NTP time stamps QX SR2 [s] 200 NU

18 framenumber [-] 25 NU

19 errorcode [-] 25 NU

20 xpos1 [m] 25 Surge

21 ypos1 [m] 25 Sway

22 zpos1 [m] 25 Heave

23 roll1 [deg] 25 Roll

24 pitch1 [deg] 25 Pitch

25 yaw1 [deg] 25 Yaw

26 residual1 [-] 25 NU

Continued on next page
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Table E.2 – Continued from previous page

Channel Channel Name Unit SF [Hz] Description

27 utralab_status [-] 25 NU

28 wave_1 [m] 25 Wave amplitudes

29 wave_ref [m] 25 NU

30 NTP time stamps QX [s] 25 NU

31 fx-for-8701 [N] 200 X-Spring forces in front of model

32 fy-for-8692 [N] 200 Y-Spring forces in front of model

33 fx-aft-8704 [N] 200 X-Spring forces in stern of model

34 fy-aft-8644 [N] 200 Y-Spring forces in stern of model

35 Fx-SB-Thr-20514 [mV] 200 (NU)

36 Fy-SB-Thr-20522 [mV] 200 (NU)

37 Fx-BB-Thr-20513 [mV] 200 (NU)

38 Fy-BB-Thr-20516 [mV] 200 (NU)

39 Carriage_speed [m/s] 200 Carriage speed, zero-speed (NU)

40 Fy-Thr-1-20258 [N] 200 Y-force for bow thruster 1

41 Fy-Thr-2-20263 [N] 200 Y-force for bow thruster 2

42 Acc1-x [m/s²] 200 Acceleration in X for BT

43 Acc1-y [m/s²] 200 Acceleration in Y for BT

44 Acc1-z [m/s²] 200 Acceleration in Z for BT

45 Acc2-x [m/s²] 200 Acceleration in X for AT

46 Acc2-y [m/s²] 200 Acceleration in Y for AT

47 Acc2-z [m/s²] 200 Acceleration in Z for AT

48 Mom-Thr1 [Nm] 200 Torque for BT 1

49 Mom-Thr2 [Nm] 200 Torque for BT 2

50 Mom-SB [Nm] 200 Torque for SP AT

51 Mom-BB [Nm] 200 Torque for PP AT

52 Roll-Rate [deg/s] 200 Roll rate

53 Pitch-Rate [deg/s] 200 Pitch rate (NU)

Continued on next page
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Table E.2 – Continued from previous page

Channel Channel Name Unit SF [Hz] Description

54 Yaw-Rate [deg/s] 200 Yaw rate (NU)

55 rps-Thr1 [Hz] 200 NU

56 WAVE1 [m] 25 Wave amplitude

57 RPS-SB-THR [rps] 200 Shaft speed for SP AT

58 RPS-BB-THR [rps] 200 Shaft speed for PP AT

59 RPS-THR01 [RPS] 200 Shaft speed for BT 1

60 RPS-THR02 [RPS] 200 Shaft speed for BT 2

61 SB-THR [deg] 200 Rudder SP AT

62 BB-THR [deg] 200 Rudder pointing pointing AT

63 FX-SB-THR [N] 200 X thruster force for SP AT

64 FY-SB-THR [N] 200 Y thruster force for SP AT

65 FX-BB-THR [N] 200 X thruster force for PP AT

66 FY-BB-THR [N] 200 Y thruster force for PP AT
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E.2 Experimental trials

The following table contains the different experimental trials used to find the results presented

in this thesis. The runs are sorted with respect to the different seakeeping trials and waves. The

necessary experimental runs are presented in Table E.3 and E.4.

Table E.3: Run list.

Test Run number
Decay 10**
Regular wave (model) 20**
Irregular wave (model) 30**
Regular wave (calibration) 80**
Irregular wave (calibration) 81**

The results from the different runs can be found by using the enclosed function num2catman.

This function takes the run number as input and utilizes the catman_read_5r8 function, written

by Dr. Andreas Geissler, and returns the struct c. To find the data stored in the struct, simply

write c(run_number).data.

Table E.4: Experimental runs.

Run number Name Comment

1003 Roll decay No active damping

1007 Roll decay No active damping

1025 Roll decay No active damping

1047 Roll decay No active damping

1015 Roll decay Constant shaft speed 150%

1018 Roll decay Constant shaft speed 150%

1028 Roll decay Constant shaft speed 150%

1016 Roll decay Constant shaft speed 150%

1048 Roll decay Active roll damping 2

1049 Roll decay Active roll damping 2

Continued on next page
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Table E.4 – Continued from previous page

Run number Name Comment

1050 Roll decay Active roll damping 2

1051 Roll decay Active roll damping 2

1052 Roll decay Active roll damping 2

1053 Roll decay Active roll damping 2

8010 WAVE 8010: Regular H=1.5 T = 8 Wave calibration

8060 WAVE 8060: Regular H=1.5 T = 10 Wave calibration

8030 WAVE 8030: Regular H=1.5 T = 11 Wave calibration

8071 WAVE 8071: Regular H=1.5 T = 11.9 Wave calibration

8050 WAVE 8071: Regular H=1.5 T = 14 Wave calibration

2044 WAVE 8010: Regular H=1.5 T=8 No active damping

2060 WAVE 8010: Regular H=1.5 T=8 Active roll damping 2

2001 WAVE 8060: Regular H=1.5 T=10 No active damping

2045 WAVE 8060: Regular H=1.5 T=10 No active damping

2018 WAVE 8060: Regular H=1.5 T=10 Constant shaft speed 100%

2047 WAVE 8060: Regular H=1.5 T=10 Constant shaft speed 100%

2017 WAVE 8060: Regular H=1.5 T=10 Constant shaft speed 150%

2057 WAVE 8060: Regular H=1.5 T=10 Active roll damping 2

2061 WAVE 8060: Regular H=1.5 T=10 Active roll damping 2

2062 WAVE 8060: Regular H=1.5 T=10 Active roll damping 2

2007 WAVE 8030: Regular H=1.5 T=11 No active damping

2008 WAVE 8030: Regular H=1.5 T=11 No active damping

2012 WAVE 8030: Regular H=1.5 T=11 No active damping

2014 WAVE 8030: Regular H=1.5 T=11 No active damping

2016 WAVE 8030: Regular H=1.5 T=11 No active damping

2048 WAVE 8030: Regular H=1.5 T=11 No active damping

2006 WAVE 8030: Regular H=1.5 T=11 Constant shaft speed 100%

2050 WAVE 8030: Regular H=1.5 T=11 Constant shaft speed 100%

Continued on next page
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Table E.4 – Continued from previous page

Run number Name Comment

2006 WAVE 8030: Regular H=1.5 T=11 Constant shaft speed 150%

2050 WAVE 8030: Regular H=1.5 T=11 Constant shaft speed 150%

2056 WAVE 8030: Regular H=1.5 T=11 Active roll damping 2

2063 WAVE 8030: Regular H=1.5 T=11 Active roll damping 2

2064 WAVE 8030: Regular H=1.5 T=11 Active roll damping 2

2065 WAVE 8030: Regular H=1.5 T=11 Active roll damping 2

2066 WAVE 8030: Regular H=1.5 T=11 Active roll damping 2

2009 WAVE 8071: Regular H=1.5 T=11.9 No active damping

2010 WAVE 8071: Regular H=1.5 T=11.9 No active damping

2011 WAVE 8071: Regular H=1.5 T=11.9 No active damping

2052 WAVE 8071: Regular H=1.5 T=11.9 No active damping

2019 WAVE 8071: Regular H=1.5 T=11.9 Constant shaft speed 100%

2053 WAVE 8071: Regular H=1.5 T=11.9 Constant shaft speed 100%

2021 WAVE 8071: Regular H=1.5 T=11.9 Constant shaft speed 150%

2058 WAVE 8071: Regular H=1.5 T=11.9 Active roll damping 2

2067 WAVE 8071: Regular H=1.5 T=11.9 Active roll damping 2

2068 WAVE 8071: Regular H=1.5 T=11.9 Active roll damping 2

2069 WAVE 8071: Regular H=1.5 T=11.9 Active roll damping 2

2004 WAVE 8071: Regular H=1.5 T=11.9 No active damping

2054 WAVE 8071: Regular H=1.5 T=11.9 No active damping

2059 WAVE 8071: Regular H=1.5 T=11.9 Active roll damping 2

2004 WAVE 8050: Regular H=1.5 T=14 No active damping

2054 WAVE 8050: Regular H=1.5 T=14 No active damping

3035 WAVE 8050: Regular H=1.5 T=14 Active roll damping 2

8100 WAVE 8100: IRR J H1.50 T9.60 G3.30 C0 RN155 Wave calibration

8120 WAVE 8120: IRR J H1.50 T11.88 G3.30 C0 RN74 Wave calibration

8111 WAVE 8111: IRR J H1.50 T14.01 G3.30 C0 RN161 Wave calibration

Continued on next page
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Table E.4 – Continued from previous page

Run number Name Comment

3000 IRR J H1.50 T9.60 G3.30 C0 RN155 No active damping

3007 IRR J H1.50 T9.60 G3.30 C0 RN155 No active damping

3027 IRR J H1.50 T9.60 G3.30 C0 RN155 No active damping

3017 IRR J H1.50 T9.60 G3.30 C0 RN155 Constant shaft speed

3028 IRR J H1.50 T9.60 G3.30 C0 RN155 Constant shaft speed

3033 IRR J H1.50 T9.60 G3.30 C0 RN155 Active roll damping 2

3036 IRR J H1.50 T9.60 G3.30 C0 RN155 Active roll damping 2

3010 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3011 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3023 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3046 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3047 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3049 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3051 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3052 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3053 IRR J H1.50 T11.88 G3.30 C0 RN74 No active damping

3012 IRR J H1.50 T11.88 G3.30 C0 RN74 Constant shaft speed

3024 IRR J H1.50 T11.88 G3.30 C0 RN74 Constant shaft speed

3034 IRR J H1.50 T11.88 G3.30 C0 RN74 Active roll damping 2

3037 IRR J H1.50 T11.88 G3.30 C0 RN74 Active roll damping 2

3040 IRR J H1.50 T11.88 G3.30 C0 RN74 Active roll damping 2

3041 IRR J H1.50 T11.88 G3.30 C0 RN74 Active roll damping 2

3048 IRR J H1.50 T11.88 G3.30 C0 RN74 Active roll damping 2

3050 IRR J H1.50 T11.88 G3.30 C0 RN74 Active roll damping 2

3054 IRR J H1.50 T11.88 G3.30 C0 RN74 Active roll damping 2

3029 IRR J H1.50 T14.01 G3.30 C0 RN161 No active damping

3035 IRR J H1.50 T14.01 G3.30 C0 RN161 Active roll damping 2

Continued on next page
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Table E.4 – Continued from previous page

Run number Name Comment

3042 IRR J H1.50 T14.01 G3.30 C0 RN161 New GM, no active roll damping

3043 IRR J H1.50 T14.01 G3.30 C0 RN161 New GM, active roll damping 2

3044 IRR J H1.50 T14.01 G3.30 C0 RN161 New GM, active roll damping


	
	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	

	
	

	
	
	
	


	
	
	
	


	
	
	
	
	

	
	
	

	
	


	
	
	
	

	
	
	


	
	
	
	
	
	
	


	
	
	
	
	
	
	
	

	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	


	
	
	
	
	
	

	
	

	
	
	
	
	
	
	

	
	
	

	
	
	
	

	
	
	

	
	

	
	
	

	
	
	



