588U 57
ISSN 014 3818

4 R
UNIVERSITY

OF
SOUTHAMPTON

DEPARTMENT OF SHIP SCIENCE

FACULTY OF ENGINEERING

AND APPLIED SCIENCE

(/,’——LFE STABILISATION REPORT OF PRELIMINARY TRIALﬂ‘\\\

by

P.A, Wilson and A. Tang

Ship Science Report No. 57

\\\\-_ November 1992 -_"’//




5SSy 57
ISSN 014 3818

™

/

UNIVERSITY
- OF
SOUTHAMPTON

DEPARTMENT OF SHIP SCIENCE

FACULTY OF ENGINEERING
AND APPLIED SCIENCE

by

P.A. Wilson and A. Tang

Ship Science Report No. 57

\\\\h_ November 1992 -—"’//




‘This report comprises of two parts. Part I is a study on the use of filters to improve
rudder LFE stabilisation, which is an extension of the last report. Part II is divided into three
main sections. Section A is concerned with the forced roll/LFE trials conducted in June
onboard HMS Lancaster. Section B gives an up-date of the electronics hardware for the LFE
signal conditioning unit. In section C, the test plan for the equipment with the CCU at Sultan

is described.

.



PART I



Introduction

In Tang[4], it was found that the relative sharp rise in the high frequency response
of the rudder in the rudder L.F.E. stabilisation (RLS) system has made it rather
ineffective. An obvious way to improve the system performance would be to eliminate
the high frequency content in the L.F.E. feedback signal, which does little to counteract
the dominant motion response near the roll natural frequency. In theory, a Iow-p;ass filter
can be used to eliminate the undesirable high frequency content. However, owing to the
phase-lag characteristics of this type of filter, there are practical limitations. This has
been pointed out by Baitis [1] and Van Amerogen [5] when low-pass filters were used
for the RRS system. This phase-lag effect has been overlooked in Schmitke[3] when
filtering was used in their numerical model based on strip theory. The resulting
performance study of RRS, which has shown very favourable trends, should be taken

with caution.

The present study is to incorporate some simple but realistic filters into the
numerical model in order to examine their effects on the motion responses. It is
_anticipated that the phase-lag characteristics of low-pass filters would cause undesirable
motion responses. Therefore, some phase-lead compensation circuits have been explored
and applied in a cascade fashion in the system with the expectation that this will counter-
balance the undesirable phase—lag incurred by the low-pass filters selected in this study.

This study is divided into three sections. In section one, a brief introduction of the
filters used in this study and their transfer function characteristics is given. The effdcts
of low-pass filter on motion responses are examined in some details in section two.
Section three examines the effects of phase-lead compensation on the overall motion

responses with RLS.



Basic Background

Filters are often used to emphasize or eliminate the frequency components of an
electrical signal, such that a desirable signal is obtained. They are normally classified as
low-pass, high-pass, band-pass and stop-pass, depending on the ranges of frequencies that
are being suppressed. In this section, attention will be focused on some low-pass filters,
looking at their basic characteristics and examining the transfer functions that govefn the
output to the input. In terms of hard-ware, these filters can be constructed using resistors,

capacitors and operational amplifiers as the basic components. -

A low-pass filter is one in which the pass band extends from zero frequency ( w
= 0) to a cut-off frequency (w =w, ). Ideally, a low-pass filter would pass signals from
zero frequency up to the cut-off frequency with no amplitude attenuation and rejects all
signals above w,, as illustrated in fig.la, where «, is at 1.0 rad/sec. However, in
practice, this ideal filter cannot be realised. The basic features of a low-pass filter can

be demonstrated using a linear low-pass filter having a transfer function defined by:

—1
STy + 1

T{jw) =
where s = jw and 7 is the time constant, which has a single pole on the left hand real-
axis of the complex-plane. Varying the excitation frequency from zero to a high value,

the frequency response of the filter can be constructed. The fesulting amplitude and phase
response of this filter are given in fig. 2a and 2b. As can be seen from these figures, the
amplitude response is far from the ideal and that the phase-lag is quite noticeable. Also,
the cut-off frequency is not so readily recognized as in the ideal case. In practice, the cut-
off frequency is defined as the frequency at which the amplitude response is 0.707, the
. half power point. In this particular case, it corresponds to 1 rad/s. This shows that the
transition from the pass-band to the stop-band is rather slow and that undesira{)le
frequency contexts are not suppressed totally. The attenuation of this filter in the
transition band is in fact -6dB/octave. This transition band can be reduced to bring about
a higher attenuation. For example, a second order filter with two poles on the left hand

side of the complex plane can be used to achieve a -12db/octave attenuation. However,

-



a Butterworth filter is of more practical interest.

A Butterworth filter is defined by the transfer function below:

1
( 1 + wZn )1/2

[ T, (jw) | =

By increasing the index n, the number of pole terms in the complex plane increases,
which can bring the resulting amplitude response close to the ideal filter. For example,
when n=5, the amp]jtude_and' phase responses are given in. ﬁg;3a and 3b. From these
figures, it is quite clear that in order to suppress the unwanted frequency totally, the cut-
off frequency should be at most about a third of that particular frequency. Within this
pass-band, the phase-lag can be up to 100 degrees. Although the amplitude response can
be 'improved’ by increasing n, for example, for n=35 attenuation is about -30db/octave
comparing with -60db/octave for n=10, the phase-lag incurred will also increase quite

markedly (about twice the n=5),

Other types of filter such as the Chebyshev and Elliptic filter can also be used to
reduce the transition band further. HoWever, ripples are present in the amplitude response
of these filters and the phase-lags are also higher than the Butterworth filters of the same
order. Therefore, for the present study, only the linear filter and the Butterworth filter

with n=5 will be used to explore their effects on the motion response.

Effects of Low-pass filters

For this part of the study, the RRS strategy with simple rate feedback has been
. used to examirne the effects of the two low-pass filters in the last section. These filters,
which are defined by their transfer functions, have been incorporated intb the numerié:al
ship motion model, suppressing the high frequency content of the feedback demand
signal. A comparison of the r.m.s. roll motion response due to these filters are given in
fig.4.a with the corresponding r.m.s. rudder rate demand in fig.4.b. The simulations

were based on an ITTC two-parameter spectrum (long-crested) with a modal period of
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12.4 seconds and a significant wave height of 5.5m. The cut-off frequency of the filters
was set at 1 rad/s whilst the natural frequency of the vessel is about 0.42 rad/s.

From fig.4.a, it can be seen that the linear filter has improved the roll motion at
quartering seas slightly whilst there is a marginal increase in the motion at other wave
angles compared to the case of simple rate feedback. The corresponding rudder rate
demand in fig.4.b suggests that if the feedback gain was increased, the overall motion
response could be improved a bit further. The reduction in the rudder rate is due to the
relatively wide transition bénd in the filter amplitude response with a gradual increase in
attenuation, which effectively reduces the pre-set feedback gain. The relatively low phase-
lag characteristic in the frequency range of interest and the fairiy wide transition range
have contributed little towards a more favourable motion response nor brought about any

detrimental effects.

The resulting motion response with the application of the Butterworth filter is of
more interest. In fig.4.a, it is quite apparent that between quartering to head seas regions,
the resulting roll motions have been reduced more substantially, but on the other hand,
for wave angles greater than 60 degrees, roll motions have in fact increased. The rudder
rate in fig.4.b shows a similar trend. It is quite evident that some form of detuning
process was brought about by the Bufterworth filter. In order to find out what is causing
this detuning; effect, the process should be looked at in terms of the encounter frequency
and not the wave-angles. Also, the phase relationships between the ship motions, wave

moments and the stabiliser moments should be examined.

Diagrams 1a to 1c illustrate the phase relationships of a stabilised ship with simple
rate feedback, which were drawn based on the response spectrum data. At low frequency,
the roll motion leads the waves by about 90 degrees; near resonance, the phase difference
is near zero, and at high frequency, tﬁe motion lags the wave by about 90 degrees. It can
- be said that at low and at high frequency, the wave moments and roll motions are about
90 degrees out of phase, and the induced motions are small, whilst near resonance, the
phase angle is small and the induced motion is high. Therefore, the motion can be related
to the cosine of the phase angle between the roll motion and the waves, i.e. if the
stabiliser moment ( S ) brings the phase angle between the resultant wave moment ( W

+ S} and motion ( M ) towards 90 degrees, the net effect is stabilisation, whilst if the



phase angle is moving towards zero degrees, then it is destabilisation.

It is quite clear that, at low frequency, the rate feedback is destabilising as
illustrated in diagram 1.a. Near resonance, the rate feedback is very effective as it brings
the phase difference between the wave moments and motion towards 90 degrees, whilst
at high frequency, the stabilising effect is marginal due to the small stabilising moment
available. Therefore, simple rate feedback is only effective when applied near resonance

as was pointed out by Conolly [2].

Now, by introducing a Butterworth filter, the phase relationship between ihe
stabiliser moments and the motions is altered. These phasor diagrams are illustrated in
diagrams 2.a-2.c. At low frequency and at high frequency, the filter has brought about
‘hardly any changes in the motion response. However, near the resonance region, the
phase-lag affected by the filter has caused unfavourable phase relationships between the
resultant wave moments and the motions, i.e. reducing the phase angle between the .

motion and the wave moments towards zero.

Having found what is causing the -motion amplification, the trend in fig.4.a for
the Butterworth filter can be explained more fully. In the quartering to head sea region
(.less than about 45 degrees ), ther encounter frequencies are about half the cut-off
frequency. Although the near resonance response is destabilising, the sum total of the
stabilising effects at the low frequency end has improved the overall motion response.
However at 60 degrees, quite substantial part of the encounter frequency is near and

_slightly above the resonance frequency, which makes the phase-lag effect more
prominent, with the resulting detuning effect augmenting the motion. At larger wave
angles, i.e. higher frequency of encounter, the phase-lag effect at these frequency is -
marginal, but the responée near resonance is still dominant. Hence there is an overall
motion amplification. The same is true of the linear filter, except that the phase-lag effect

- is less obvious due the more gradual transition band. f,

i

The detuning effect of this Butterworth (n=5) low pass filter is even more
noticeable when the cut-off frequency is placed near the natural roll frequency. In fig.

Ja, it can be seen that the phase-lag introduced by the filter with a low-cut off frequency

would amplify the motion by almost a factor of two compared to the high cut-off

5
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frequency case. The rudder is in fact working harder in this case as shown by the higher
rudder rate amplitudes in fig.5b. Unfortunately, it is not counteracting the motion

effectively.
Phase-lead compensation

Hence, in the work presented thus far, the limitation of low-pass filters reported
in Baitis [1] and Van Amerogen [5] for RRS is confirmed. Similar effects were also
found when low-pass filters were applied to RLS.

To counteract the unfavourable phase-lag incurred by low-pass filters, phase lead
compensation filters can be used. Typical responses of such a ﬁltér is shown in fig.6a and
6b, which is defined by the transfer function:

sT, + a
sr, + b

Tljw} =
However, for the present study, the relatively low phase lead and the relatively high
amplitude attenuation would make this filter rather ineffective. Instead, an all-pass filter

will be used. This can be achieved by making a=-1 and b=1, giving a transfer function;

Tljw) =
sT + 1

. The amplitude and phase response are shown in fig.7a and 7b.

From an preliminary work, it was found that applying this all-pass filter to RRS
with low-pass filter did ﬁot prdduce significant improvements. At close examination, it
was apparent that this seemingly low performance stemmed from the fact that the
* improvement could only be small as the high frequency content in the roll feedback signal

i

was quite low in the first place.

The all-pass filter was applied to the RLS case with Butterworth low-pass filter

with the expectation of an increase in effectiveness of RLS. Unlike the RRS case in the
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last section, the resulting phase relationship between the motions, moments and the
rudder are difficult to follow because of the complex phasing between RLS, sway, roll
and yaw. This means that it would be easier to find out how the phase-lead compensator
affects the motion by varying the amount of phase-lead until the lowest r.m.s. motions
are obtained. The amount of phase-lead can be adjusted by changing the cut-off frequency
of the filter.

In the first instance, a Butterworth filter with cut-off frequency at 1.1 rad/sec was
used. This only introduced a small amount of phase-lag to the signal and did not affect
the motion greatly. The cut-off frequency of the all-pass filtered was then selected
between 1.4 to 0.3 rad/sec at a few discrete frequencies. The resulting r.m.s motions are
shown in fig.8a,8b and 8c. The 0.3 rad/sec cut-off has produced the best overall
performance compared to those resulting from higher frequency cut-off. Even so, this
performance is only a slight improvement on the original unfiltered case. Although the
rudder r.m.s. rate responses in fig.8c show little variation with different cut-off
frequencies, there are in fact differences in the rudder response spectra especially near
the roll natural frequency. The rudder response near the roll natural frequency is quite

sensitive to the amount of phasé'—lead introduced.

To improve the feedback signﬂ further, a Butterworth filter with a lower cut-off
frequency was then used to suppress a wider range of the undesirable frequency. The cut-
off frequency was located at 0.9 and 0.7 rad/sec. Again a selection of cut-off frequencies
for the lead compensators were used to give varying degrees of phase-lead. The resulting

_T.m.s motions are shown in fig.9(a-¢) and fig.10(a-c). In general, the motion amplitudes
have been reduced further except with the phase-lead compensators having the lowest cut-
off frequencies. At these frequencies, motion amplifications were evident. This was
probably due to the over-éompensation in the phase advance. The best performance was
derived from the combination of Butterworth cut-off at 0.7 rad/sec and all-pass at 0.5

- rad/sec (figl0a-c). Very similar resulting motions were also found in fig.9a-c with the

phase-lead cut-off frequency at 0.3 rad/sec. However, looking at the rudder rr;lte
amplitudes, those in fig.10c would be more desirable as it is more effective at a larger
range of wave angles. Judging from these results, it may seem possible to improve the
performance further if the cut-off frequency of the butterworth filter is lowered still.

However, this would very likely to incur complications as the cut-off frequency would



be too close to the roll natural frequency.

In fig.11a,b, a comparison is made of the filtered RLS with the RRS and RLS
results from the last report ( Tang[4]). Although the filtered RLS case has reduced the
motions quite substantially compared to the unfiltered case, it is still not as effective as
the-RRS with normal rate feedback. The comparisons in terms of the response spectrum

are shown in fig.12a,b,

The roll response near the natural frequency has been successfully reduced by the
filters even to a level lowered than the RRS case. However, it is quite evident that at
lower frequencies, motion amplification has been brought about by the resulting phasing
of the filters. This is also apparent in the rudder response at these frequencies when
filters have been used (fig.12b). One the whole, the rudder response has been improved

with these filters to achieved lower r.m.s. motions.

Concluding remarks

It has been shown that -low-pass filters can incur undesirable phase-lags into
feedback signals, which will degrade the performance of rudder induced motion
stabilisations. This phase-lag effect can be reduced quite substantially by phase-lead
compensatioh using an all-pass filter, thus improving the effectiveness of the RLS
strategy. Despite this improvement, the performance of RLS is still inferior to RRS with
simple roll rate feedback.
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Roll response due to B=11 with dll—pass filters

‘rms. roll (deg)
T

Fig.s8a

Symbols

—+—03
—4— 0.5
-&-08
—8-11
—— 14

i - ! I i L
30 60 90 120 150 180

wave angle (deg)

LFE response due to B=11 with al—pass filters

104

o o o
1 T i

r.ms. LFE (m/sss)

o
T

Fig.8b

Symbols

-4 03
- 05
-&- 08
-1
—— 14

0.0

| I | I | 7 )
30 . B0 0 120 150 180
wave angle (deg)



Rudder rate due to B=1.1 with al-pass filters
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Roll response due to B=0.9 with all—pass filters
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Rudder rate due to B=0.9 with dll—pass filters
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Rudder rate due to B=0.7 with al—pass filters
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LFE response with and without filters
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Dlg 1a—1c Vector dlcgrams for simple roll
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A/ LFE part I trials
Al/ Introduction

-A forced roll/LFE trial was conducted on the. 15th.of June 1992 onboard HMS
Lancaster. This was the first part of the LFE stabilisation trials, in which data for the motion
and fin response were collected. At the same time, the sea-trial also provided an opportunity
for the trial team to gain some working experience with the new fin controller as well as the
crew members onboard ship. The motion data derived have been used to compared with the

numerical simulations in this part of the report.
A2/ Trizﬂs procedure

The trials consisted of three parts:
a/ the lurch test to locate the natural roll frequency,
b/ the motion response over a range of forced roll frequency, and

¢/ the roll decay tests.

Originally, to perform the lurch fest, two crew members were needed in the engine
room to set the initial fin angles. Once a steady heel was achieved, the fins were discharged
to their normal parked condition, which would excite the ship to roll at its roll natural
frequency. However, due to the recording equipment failure and the demand on man power,
this test procedure was abandoned. An alternative approe;ch wﬁs tried. In this case, the ship
was forced oscillated with the fins using square sine waves with the longest period ( 40
seconds) available in fin controllér (CCU). Although the ship took longer than forty seconds -
. to complete the decay motioil, an estimate of the natural roll period should nof be greatly
affected. Unfortunately no useful data was derived from these tests. Due to the constraint of

time, no further effort was made to obtain an estimation of the roll natural frequency.

The frequency response test was greatly enhanced by the built-in forced roll function
of the CCU, which was found to be robust and easy to use. The procedure consisted of
dialling in a sequence of requests on the console of the CCU, specifying the fin motions, then
activating the requests and cancellations after a length of time. A typical example of the
sequeﬁce is illustrated as follows:



31 20 forced roll period: 20 seconds ( 05-40 sec )

3216 - forced roll amplitude: 16 degrees ( 01-28 deg )
3301  wave form: sine

2005 execute the requests

20 11 cancel the requests

(For the lurch test, the 33 01 was replaced by 33 03 for square waves.)

In general, more than ten cycles of motion were recorded for the subsequent analysis. As the
resolution of the forced period parameter is one second, it is quite likely that the exact roll
natural frequency cannot be selectéd.

- For the roll decay tests, the ship was first forced oscillated near the natural roll
frequency till a steady state was reached. The fins were then parked to allow the roll motion
to die out. This was carried out with three different ship speeds, and the roll damping

coefficients were derived.

In this trial, seven channels of time-history signal were recorded from the following
devices: a three component accelerometer near the hangar, a lateral accelerometer near the
workshop, the roll angle signal from the ship’s gyro and the fin input/output signal from the
CCU. The positions of the accelerometei‘s are given in table 1 below. From these transducer
time-histories, the amplitude and phase of the signals were derived. During each run, the
rudder was amidships and the ship speed was 15 knots except for the case ¢ above. The

displacement of the vessel was 4248 tonnes.

Table 1 : Accelerometer positions

X (m) Y(m) Z(m) "
' from midship from C.L. above USK
3-component accelerometer 21.44 0.35 1030 !
(hangar)
lateral accelerometer 4.92 -0.34 8.51
(workshop) ‘




A3/  Results and Discussions
1/ roll data

‘The roll amplitude and phase comparisons are given'in fig. al and a2. In fig.al, there
is a difference of about 7% in the natural roll frequencies and about 15-20% difference in
the amplitude response near the resonance frequency between the predicted and the trials
data. Apart from possible measurement errors, these differences could be attributed to the
GM value assumed in the simulation, as the GM during the trial was not known. In
comparison to the GM, these differences should be less sensitive to the ’errors’ in the roll
damping and the fin lift coefficients of the numerical model. Therefore, if the assumed GM
value is higher than the true value, the natural frequency would be expected to be higher and

the amplitude response lower, as is the case in fig. al.

The phase variation with frequency in fig.a2 between the two sets of data follows a
very similar trend. The relatively large difference at low frequencies should not be taken too
seriously as these measurements'are'-very sensitive to the sea condition, which was not totally
calm. Also, being at night, no effort was made to run the ship in head sea conditions as the
sea state was less than two. The main pbint to note is that at low frequencies, both sets of
data show non-zero phase values. This suggests the presence of some motion interaction

effects, which are probably caused by the sway forces of the fins.

~ On the whole, both the roll amplitude and phase response comparisons show good
agreements. Despite having only one pair of fins, the forced roll response of this ship shows
that this design is as effective as some of the older designs, such as those used in the Leander -

~ (wide beam) class, which were installed with two pairs of fins.

2/ - Ife data . ;
The LFE amplitude and phase response are presented in fig. a3 and a4. The overall

trends in Both cases are similar to the corresponding roll data. In fig.a3, the LFE amplitudes
at the workshop (trial W) are slightly lower than those at the hangar (trial H). The difference
is due to the difference of about 3m in their vertical positions, which gives rise to different

roll accelerations. The measured LFE is predominantly due to the roll angle equivalent



-

acceleration, which accounted for about 90% of the measurements near the roll natural

frequency.

Apart from a shift of pi, the LFE phase (fig.a4) and the roll phase (fig.al) are almost
identical. As the accelerometer was calibrated with a negative signal for a starboard roll, the
pi shift is.evident. The acceleration.terms in the LFE signal did produce a difference of a few
degrees to the roll case both in the trials data.and the numerical simulation. This difference
is more apparent at the low frequencies. It should be pointed out that, in deriving these phase
responses, a difference of pi was found in cases using the measured data.

In fig.a5, a comparison of the ’sway’ accelerations calculated from two different
‘methods is shown: S(t) is by subtracting the roll equivalent accelerations from the LFE in
the time histories, from which the r.m.s. value is derived, whilst S(w) is the difference in
their r.m.s values without phase corrections. Although the magnitude of these data is fairly
small, their comparisons should still give some indication of their credibility. In most cases
the S(t) data differ from S(w), which show more scatter. More importantly, the S(w)
approach gives negative values at high and low frequency. Therefore, to derive the r.m.s
LFE data, as shown in Monk’s paper (TRINA 1987), by simply adding the r.m.s roll and

lateral acceleration terms together without proper phasing would lead to questionable results.

3/ fin data

Over thé range of frequency tested, the magnitude of the fin angles were almost the
§ame as the demanded angles of 16 degrees. With the highest frequency used ( 1.23 Hz), this
demanded amplitude was too high, which resulted in very sluggish performance. In this case,
a fin demand of 13 degrees was used. The phase lag incurred By the CCU and the hydraulic
system on the fins is shown in fig.a6. To simulate part of this phase response, the hydraulic
system of a Type 22 frigate was assumed i.e. al=1.0, a2=0.318 and a3=0.0253. To
~account for the CCU systein, the following data has been used in order to match the
measured data: al=1, a2=0.1 and a3=0.05. The sum of these phase angles formed the
fitted line in the figure. |

f
{

4/ roll decay tests

Three speeds were used for these tests: 15, 18 and 22 knots. Unfortunately, the time-
history for the 22 knots case was not good enough for analysis. The roll decay coefficients
for the 15 and 18 knots cases were 0.126 and 0.136 respectively. The corresponding



estimated natural roll frequencies were 0.616 and 0.61 Hz. Judging from these figures, the
motions should not differ greatly within this speed range.



B/ LFE Signal Conditioning
B1/  Design history and background

The original specifications for the LFE signal to the CCU ( quoting from Brown
Brother’s. proposal) are as follows: .a synchro input would be used and the signal should be
about 14 bits. This was all the design information that was provided by Brown Brothers Ltd.
At a later stage, some additional information about the components required for generating
such a signal were also given duﬁng discussions over the telephone, but on the whole, Brown
Brothers was rather reluctant to be very specific. This lack of information has introduced
additional difficulties to the design of the LFE signal conditioning. Nonetheless, a design was
developed which was outlined in the last report.

During the visit to Brown Brothers, the hardware was briefly put to test. It was found
that the fin response to the accelerometer signal was very stiff. Apart from this, no other
undersirable effects were found. Two main reasons have been put forward to explain the stiff
response. Firstly, the resolution of the system was restricted by the 14 bit ADC chip. The
CCU has a resolution of 10 degrees per revolution and a maximum range of +/- 30 degrees.
This means that a 16 bit ADC would be more appropiate as it allows for more than two
revolutions in the synchro output. Secondly, the CCU is only tuned for a frequency around
the roll natural 'frequency and 2 high frequency input signal would saturate the response.
Therefore, moving the accelerometer by hand as was done during the test could have caused
such a stiff response. Apart from these two points, some additional information about the
CCU system on the whole was also deduced from the discussiovns during the test. To satisfy

these additional criteria, modifications to the original design were required.
“B2/  Design modifications

- Fig.bl illustrate the signal path for LFE. Whilst the overall signal path is the samc
~ as the one described in the last report, modifications to the individual circuits have béen
made to suit the 'new requirements’. A brief account of these modifications are outlined

below.

The band-pass filter in fig.b2 has a bandwidth between 0.05 to 1 hz as compared to
a bandwidth of 0.002 to 10 hz in the old circuit. This reduction in bandwidth is to eliminate



further the unwanted signals, especially those at high frequency. However, adjustments may
be needed if the phase lag associated with this new bandwidth was found to be higher than
expected. After filtering, the voltage of the signal has been adjusted to about 2.7 volts, which
corresponds to about 31 degree/rev in the Digital to Synchro (D to S) output. Fine adjustment
would be needed to tune it down to 30 degree/ rev with the CCU. The voltage gain has
therefore been made-adjustable for this purpose. The time base circuit in fig:b3 is effectively
the same as before. However, to accommodate the new 16 bit ADC chip, some fine tuning
of the circuit has been carried out. The conversion frequency is still about ten times faster
than the CCU.

The main modification of the whole LFE unit is to.replace the 14 bit with a 16 bit
ADC. The sole function of this 16 bit ADC chip is to provide two extra bits, which work
as counters for a 14 bit signal. These two extra bits are not actually used in the main circuit.
By allowing the digital signal to clock up twice, they can provide up to eight revolutions in
the D to S output, whilst the digital signal is still of 14 bit accuracy. The new circuit for this
chip is given in fig.b4. As the CCU only has a range of six revolutions corresponding to
+/- 30 degrees of roll, the two extra revolutions from the 16 bit chip would be ignored,
should the roll amplitude be higher?than_ 30 degrees.

A wiring diagram for the differént circuit boards is given in fig.b5. A test circuit
board has been included in the unit to faciliate future testings. The circuit boards are housed
in an aluminium rack as one complete unit, with one cable coming in from the accelerometer
and one cable going out to the CCU. The cabling for the accelerometer and the D to S is

shown in fig.b6.

At this stage, the whole unit has been tested and trimmed to the requirements
~available. Bench tests with the CCU will be needed to verify these modifications.
Adjustments may be required to fine tune the unit for the sea-trials.



C/ CCU tests

A mechanical oscillator, which serves as a roll table, has been designed and
constructed. The main purpose of this oscillator is to provide a means to generate known
signals at a.range of frequencies and amplitudes. with a transducer; such.as-a potentiometer - -
or an accelerometer, suitable for the CCU. This would allow the following objectives to be

met in preparation for the sea-trials:

a/ check the modifications described in the last section thoroughly over the range of
frequencies of interest,

b/ - establish a procedure for setting the CCU gains for the sea-trial,

c/ assess the gains derived for LFE stabilisation,

d/ compare the fin response due to simulated roll and LFE signals.

The design of the 'osci]lat_or was based on a scotch yoke mechanism, which has been
used widely for producing sinusodal oscillations for ship motion studies. However, in order
to simplify the driving mechanism,’- a tangent oscillator was adpoted. Therefore, above ten
degrees of amplitude of oscillation, the generated signal would depart progressively from an
exact sine wave. The oscillator proposedlshould have a frequency range between 0.2 to 0.05
Hz (5 - 20 sec 7) and an amplitude range between about 4 to 30 degrees. A d.c. motor has
been used as the prime mover in the oscillator. The electronic circuits required for
controlling the frequency of excitation and for interfacing the transducer signals to the CCU
have been designed and constructed as an integral part of the mechanism.

An overall view of the mechanical design is given in fig.c1. This mechanism has been
.~ constructed and preliminary tests show that it performs well between oscillation periods of
5 to 16 seconds. Below 16 seconds, the mechanism does not run smoothly as there are slight
mis-alignments in the set-up. In time, the system should be able to work down to 20 secor!lds

after a good run-in. Also, at these low frequencies, the motor torque is low. Therefore:', a
simple voltage controller has been designed to cope with the variation in the loading. This
is accomplished by velocity feedback from an optical encoder mounted on the drive-shaft of
the mechanism. The circuit design is given in. fig.c2. To facilitate the selectibn and the

determination of the test period, a display unit for the oscillation period has been included.



The circuit diagram for this unit is shown in fig.c3.

To simulate the test signals for the CCU, an accelerometer and a rotatry
potentiometer are mounted on the rotating arm of the mechanism. Signals from these
transduers are fed into the LFE unit, which is interfaced to the CCU. By varying the
amplitude and frequency of the oscillator, the fin responses due to these two input signals are
then compared, which would give an indication of the LFE stabilisation stategy. Likewise,

the most desirable gain setting could be selected for LFE.

For item d mentioned above, it was assumed that the *sway’ terms in the LFE would
be about 30% of the roll angle and about 90 degrees forward in phase. This simulated LFE
signal would be more representative of the LFE in a seaway than a pure sinusodal signal.
The phase angle and the signal amplitude can also be varied to give different combinations
of a simulated LFE demand. The circuit diagram for this phasing is given in fig.c4, which
is basically a modified all-pass filter. The acceleromter signal from the oscillator will be fed

into this circuit first before connecting to the CCU.

The above plan shall be carried out as soon as the CCU at Sultan is available for

testing.

e



- Phase angles (degrees)

0.80— T . — — — ——— . —
- . -
g Symbole A
0.40 '-—- + + Trilala ]
- Numerloa! i
o + -
i + 1
= 0.30 + + b
= [ ¥ :
.20 - -
. -
Q.10 -
[ L . IS S T -~ X -
0'08-0 Q.3 0.8 0.9 1.2 1.8
Tfrequency (rad/sec)
FORCED ROLL TRIALS AT 15 KTS : Rol! Response
Fig. a2
90.0 — T i | T ¥ T h
F + :
OO-O_—- -
E + Symbola 5
30.0f + * Trlale -
- NumerToal 3
o.o: ““*——n——-ﬁh___‘,$ :
-~30. ...1
- 4
- ]
-80. [ .
5 ]
-e0. .
. [ ]
2 ]
-1204- : -
F T ;
—180f- + + -
- WP S R PP . . ]
1ag -5 0.3 _ .8 55 3 7.8

froﬁuonoy Crad/esaa)
FORCED ROLL TRI!ALS AT 15 KTS : Rol ! Responae



LFE / FIN

Phese Angles (degrees)

0.100 - — - —— — T N
i Symbo'le ]
0.080 - + Triale H 4
L A Triole W o
L + — Numerlical 4
: A - )
L + d
0.080 § -
A A J
L J
0.040 {= -
0.0204 -
' [ 1 L ] 1* ]
0.00g 5 BN Y- B o8 —o.e 7.2
rrequency (rad/eec)
FORCED ROLL TRIALS AT 15 KIS : LFE Response
Fig. a4
©.o00 v T T M | T ]
b
-a8.0F .
L Symbols 3
- + - Triale H )
—B0.0:- A Triale W =]
i A Numerical h
-138. + 2 i ":
—180. .
-228. [ E
-~270. [ -
- ! -
- p
; 8 4 :
-318. |- -
- 4
: . s
. — a1 PSP S, B PR I PSP
—360, 5 5.3 G.6 5.9 7.2

frequenay {rad/asad

FORCED ROLL TRIALS AT 16 KTS® : LFE Reesponas

1.8



0.20 [----p----q-—-—y---q----r-—-r-—r-—-o-—-r——f--ﬂ-—-r-*—v—-- R T ——r——p—— - e
L )
] Symbo le ]
0.18 -
I + a(t) 4
L A alw) 4
~ o -
g I ]
= L 4
— 0.10 r + * -
2 A )
2 i A i
.E o -
s I A a Z
0.08 ¥ o4 ~
g - + A a |
r A + + _ A 1
[ + + : * ¥ ]
L + & .

Q.00

A A )\ ]
r 4
b -
PR P PP S | I U S S U S SR P SEP S PR

—©-985 o.3 G.8 5.9 Y] 1.8

frequenoy (rad/sec)
FORCED ROLL TRIALS AT 15 KTS : *Sway”" term

Fig. a6
[« ] -——r m udh culls s saties Jesn ey 1 - ] . T T T T r—p—p - oy
: t Symbo e ]
+ . actual 1
~1a b — 1% .
- 3
g T 1
g r )
< b
S
o —20+ —
2 |
§ - 4
- °‘ L
-0 - f —
L + |
- PP TP R P s
“8.5 0.3 : 5.8 5% ; T3 -5

frequency (rad/ees)
FORCED ROLL TRIALS AT 15 KTS : FIn Phase Lag



JO

3Fayg~

ajed

and_

00-~-T—-T2¥ D90

JBQUNN  {UBWNDo

-]
BT

WUYYDYIA NOILINMG

21371

AONIIDS JdIHS 4O INFW1dOdaqd
NOLAWYHLINGS 4@ ALISMIAINN

HOLUMILSE 3DHO04 "HHILIU

AddNS ¥3MoOd
3IONIYIFIFH SJAIHS

IASYE IWIL

NOISIM3IANOD Y¥ibd

\

¥ILNdWOD
dIHS 01 iNdino

A

. UILAAANOD,

OHHONAS Ol "WILIDIA

M

JuWoLs
TYLIDIA

M

NI LHIANOD

MWILIDIA 0L 3NDOIUNY

A

3NJGOW

QI0H 3 I 1dHUS

e e L N

q "Sig

;.

N

1TNS>YIS

NIUD

19 81y

w3l
< y¥ALLA -« <
ONIJWUTD AS T SSUG—0M hﬂﬂﬂﬂmuﬂw | SSYa-IM
HOLUDIANI
aquoTIy3aNo NQ -mnh._.

M

HILFHCU IO
£Z2ZY 3IdAlL
HADNGSNUYHL




L1 T

QI <aquajdag

Siw

T=T-TZd4 02>

JARQWNN  JuUBNSGO

-]
axt

LINJHUID LNdNX

3ND0TTUNY

®13%

FINIIDS JIHS O INIWiHYdad
NOLdHUHLNOS 30 ALISNIAINN

HOLUWILST IOHod oyl vl

CER) -\&_L

aAuoTINIAN0 "y

_AI.JAMwn

‘98
ASZ'T
AS
AHL*Z

AST+

06rdo +/1

3837

138

HZT

22 S oL 8703
ABE" & ¥

ut

Jos9

Aty

AT

06bd0 v/T

HOOT

3a3T
dI70 + ©~ay

b -]

AST+

MHOT

e LT

polelud

rqo oy3az

Moz

a9 3ig

. 8" - §8'0

=y

HOT
ALIAILISNAS

Az

z
Zbdo 7

T T

PR |

a 9

l!

a 2

H¥AIALXIA

!!

148 S0T
NE3Llvd* A N

D R




JO 302 ‘0] Jasuiszdec alw
4 Z-T—~TZ8~09D u . o1 e n
A WS uaswnsog ax
IsSva IWIL . bT i n
. S137Y
3AONIIDS dIN5 49 INSWLiEDd3g . o1 -
NOLAHUHLINGS JO A1TISHIAINN 8__
HOIUHILIST IATHOA TU¥IIUT or | = s n
: | oz
8 91 )
T ¥ ,
] oz besSIBL 2 +T £n
T = . 23 2 vY zn
HID¢
=% 4 a 8 a1 Tn
= vzn A
ano | 2oa | on o1
- ¥
= { 8 =
} Mep ; mrl
[
He“w XS AS+
g
: T
YOS IPL
b QS IL2 nA “.nq
€
or T (2} 4 d2n
€N 2n +OSIL
5
vOSIPL O
4 T #OSTbL
van
2 POSIPL = =
oT _QesIpe T o2n
_ QROTOXg
° ¥ x & $ToeM ] —ov] 151 sy gy
an 8 CZi0H ]
l cT50d [ > 9d
3 as £ 93s s
g ] 8 adr— b
bLSTHL —= - g oo udbly ={ 1no £d
Hm mmHNM & 2 : T aNn inot Td m
HI4yy o ™
e L) - I 1 Wb
€q "Stq san  {f ﬂ
f AS+

—\




] 9SS TEET 'O _JsqubIdeg I8IE
4 E~-T~TZ¥-092 : v
Sequny  juaunsog sz yd
YILYIANOD ONHONAS 01 INDOTUNY _
231 =a
ADNIIDS dIHS 40 INIAIEU4Ia ——RH-pbS 254
NOLJHUHINOGS 39 ALISHIAAINN %ﬁﬁ » AaND
YOLUWILSI 3DHO04 TW¥ILYT) Hs-Z M ns 'z o7 98 p———)
. . £5 zd
HZ B wwee & £9 N
-——i 25 va ——
<FE, 275 SHHTRK d 59 —H——
7 "s %
<pgruomm il VRPN
- L3 Z14
oon  95M ETG
#q ‘31 > st
@ . AS+
=u
E =a T
'
. 50 i MIH13DOL QANIOr IJuY @
== a w15 e Mte— . S.ONZ *SI0 3 ‘UNY 3D67d AINO
17Ty Q.= e -
/(I 8% s84q
—eH 26 20 6STT Sud
N TPT138 29 any o aNy o
——81{ve o 1 GN3 0 oz .
= =R R ] g
/l#l e 20 203
. | g, H £9 >1d1 as% [ HF—
EHVI- =9 &q OIML H/S |
H 9g RI H/S
20 pp——J 24 100 Wrs
. W 4 4 - ea
- &4 NI T NJ |y
mm._u.ll- g% Bg &t} o1d NI £ NY _
N-§3-] ¢ 20 110 NI Z Nu )
. £H 9o B8q z1a ds0 43M -
€9 &4 £14 :
1 o »4q 2L 2h ST- [—xy
. £9 £4 = 'STQ_GSH—
-z za = ¥ o s+ oM ST+
] qw Ta SOLENZ »e-9 — AS+
AS+
AS+ AST+
He'p ast=




LINN 1S3l /7 3INYdS

b=]

n
@

JOo 3180
BMLv S~T-1Zd-09> : v ¥IONASNYML MILNAHOD JIMS LNdNT SNTIuM
SBQUNN  JUBLINDOQ X 15 .
HYHDUIQ ONIIHIM 3Nouw p ~ .ﬁm _ nNm , ~ ¢S
IONIIDS JIHS JO INIWINDI3g 2133 798 9 o> ¥ 2495 Ko N 3 |
NOLJWYHLINOS 40 A LISMIAINN o
HOLYMILSZ 32¥OJ “wuILYn W_q MWH_ ZDW_ 'l_ Z u H >
dWy Z
2 NId“Zs Y NId*'ZS
Z£ £ 4 ZE zZe
T L8 e j _I\_, TE 1€
(2} og og A._ A._ (25 O£
[-+4 6z &6Z ...m. nwm. 62 6Z
8z 8z ez £7T 3 8z 8z
iz 2z LZ iz L2
8z -T 4 9z ZoobLNT 2 9z IL -
sZ o sz 5Z SZ o 52 ET 3 2 3 sZ 5
vz vz 3 NId’Zs vz | 470 ODNAS vZ 2. | sz vz
£z S 9| RZ £2 £z S €2 | A ST~
zZ 44 a4 NId‘Zs Z2Z | 470 DNAS ZZ > 2z z2
1 g Tz Iz Tz Tz £
oz oz 9 NId’'ZS { 0Z | 470 ONAS oz 5| oz oz
61 L4 2] erv 67 61 ') (34 ¥ aND
ar et d/I IH 438 | a1 a1 er
sT 47 d’1 01 439 LT L7 LT
97 a7 9t |ZY Q4 97 £ 97 A ST+
ST 2| a1 ST ST © -1 4 : 57 sT
&7 6 2| er [—€il b1 - 6 2| ot »T
£T £T £Y |11 @ 38 sz £7T | a ono
T > Z7 EA ZT u zT T o Al zT
T Tt IZ v 1T £T 5 Tt TT
oTv € 2| ot or |or a or 2| or ot
6 P ..HHW!I sT 8| 6 |1 a I.ﬂ T a 6 6
-] a a T z a -] -
2z 388 NIJ'TS | 2 H zum_.q.«m 2 |z a LD L |61 3 7
9 9 9 Ed T 9 A S+
S O NId‘TS s £2 4 -3 s Q S0 S £Z 3 )
v t 14 L4 4
£ ¥ NId4'TS £ or a8 £ £q £ 92 £ |91 3 £
F4 a NId‘ts z 8 da z FA F]
T T O T 6 aQ T o T T 9 3 T.
o - 35 q 3 q "81g
3Isvg IHIL *aNOD *BDIS ‘ONAS 04 g-v




30 ISOUS[ZEET 0T Jvqusidas Taied

E | 6~T—-TZu~09D o
Jagquny juswnsog axy

DNI ¥IM 3Nged

C6E£9) N590-OTr9T-8%29
LIND05  VONIHJIWY

#1371
IONIIOS JIHS J© INTW18vS3d
NOLdWUHLNOS 40 A1TISHMIAINN ——
HOIYHILISI 30MO04 TyN3LYT
27N 27N
N330S
v 9q w_nm
d oy - 4 3¥Yds
u 131101IA
L oN *® —s g Iyuds
3 NMOHS )
L]
= £ utrd gng - - 9 IH 438 SJdIHS
[ »ou1a 3
o ¥ NId gid ™ -~ e ¥ 07 J43M SdIHS *
U J1IMH In-
a Nid @1g —w 3 £ d/0 DNAS -
m MOTAA I_
d oN —a H  ATlddNS A0
i N3IND
H 9 NId &g % ® 4 Z 40 DNAS
S Ints
8 NId gd ™ - —H& D3 T _d/0 DNAS
qax
3d-0T-ZT-195-809 95071d TONIHIWY . 1305 SOT
N¥311ed 5 n
. w O/N g - 4 OND SISSUHD
3 N3RNOS
I “UNDIS a = .« a TUNSIS :
a MOTN3A 3
[ ]
: Y AlddNS AD 339 ® —a 330 ATddns ao
5 N3IFED 4
3 AddNS A- L3 —% D C(AST=> ATddnNS A— '
3 anma =
) ATddNS A+ v e —u B CAST+) AddNS A+
9 ‘Z0oo6 a3y

2074 S0T
NY3Livd 3 n




[ : ¢ opos
weyels uy eajiop

oy} Jo0j JtoypiousH [pubis P mﬁ —_— -
B | | : 0lS
Py} wuwz) eyoid esog ]
l,
\ i : . .
. / /w \ | : ) N
o 88 o
S 1o 006 | m ojd Bujunow [poflien
N
u O
opd -
| . _ __»" Aq pesncs eq o} "/
wﬂﬁ . | % _ o) 1 Bups s_ooc_ﬂ_ﬁuﬂ.ﬁ / J
@ ioyep eos o /
v V Ibjep ses | . v i '
wm Bujoyes . _

o

0G¢e o



Ho

a-u;wmmq:cone-u-m

NlNlquEIOwU
L.i::lﬁ:!ﬂ:uo
JO!hZOUﬂMN&mIOhOIIOhGJJHUmOJJOE
I—Hdh

In

DH

FHDUW_HUDMWOQD&&

M

()\/
XOA

534

-

bbﬂ

ZOP&!GIhDOWbﬂ*»HmENDsz
UUZMHUM&HIWGO&ZMI#&Q&UD

¥N.0 M!Od

xod
()\(

(}\(
!Od

——

0) m H>

mOJmh

>ml

)WI

!DOd

]

>mdl

i

!N-N
)Mql

\uD&O W

!M
in .
|N .
¥Od

>mﬂl

1>

o o

¥DDH

> o M

OZU

XON
h.v
>

m.o.

. N
¥ﬂhv M _ sbbq
n

th#D-O Irl—“

OKMN

N IOU&\O

ﬁ\k
N\u

oy

m\oﬁzc

>mﬂ+ -

d

ZH

!Od

!Dq ZH

dd
QDQNOMh

L\Ohﬂd)
+

534

.
,

@

13!0HL

.
.\
--
‘n

. n.
NOOVZ.—. EOhOZ e
nu

ww,ﬂ

>On+

‘ % Noovz.n

Lad

uﬁq

0) m H)

OIOGh >m+

mOme

>mﬂ+

>mdl !F.N
>Mdl

A.>WWuJ

NO&O

bO&O

XOd

xoq

>mﬂ+

¥Dﬁ

>md+

Nu.wm




JGONY NOWWOD
T MOT wE£r"0 X £

3

&
v..nx\.m
ASH+ o
i 1 o
_r..v_u 'u .
-

0LZ X £

005 XiZ

005 X1z m W

NS+

rOSIPL
gen

FI 383GV ZE6T 111 veSusjdeg Tagwq) -
buL T-Z~T1TZN-D92 o == »OSTIPL
SRQUNN juawndog aX 1S _
AUIISTA QOINId HOLIYIIIOSO -0y nroto |—| Y .
21371l _
NO1dHUHINOS 39 XIISNIAINO "en .
IONIIDS dIHS 40 LNIHIYULIA Nz g T
.
LINDYID A3S0dodd = T
. »y
T . A+
L lalala)y
30bOTNZ - M_ . 65 WA
57 o/qQ0a w dg-a08 -y
~gz] Ara09 vr/ao8 g =
Y| 0007 S°a  xdH |7 & hEr ~
I7)007S°0  °5S0|—y vasaes AS+ Mot
51{07 5'a  NI‘3 |y > r ]
—=r{¥ S’ Aunwd o WeR H6TE
519 o35 13534 [ p—
x| 4 o3s an vz
5] 3 oas do1S {3z AS+ ¥ z
+{ @ 53s HOLY | " wen
g2 935 dns O|—¢ viSTwL
| B 935 17 =
ot A - 312
TT Y D35 + ~ia
F w —z1°
ven
.M < w 02b X 2 > *

€2 314

o=NMTOUNDR




30

ISSUE[EEET 11 Jequeidss

By

T

E=Z~TTZu—092

-]

HI14IHS ISYHd 333934 06

SEQUAN JuUswNDOg axysy
1]

2137

NOLJWUHINOS 30 A LISHIAINN
JONIIOS JdIHS 30 IN3WIHYLIQ

LINDHID A3sSO0dodd

MT

13IHS 3SUYHdD 40 SIAYDIA 06 HLIM

LINDWID 3A0BY 40 IADNUH ADNINOINA

ZH 5'0

ol

ZH S0°0

o "3id

USSR . - 3 UV
3 AST—
20do -
T
= A
»ST
== snox . AST+
—
HLY
AST—
b
n 20d0
|-
z
r
AST+

AST+
e’
HST

4 ...

& or

20d0
’ = Jnog
nr
L.

AST

AST-

4040

AST—

e

e

" MEER

AST+

AST




