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SYHOPSIS

Various transducers have been developed to measure
turbulent shear in the ocean. The airfoil probe with it's
piezoceramic beam encapsulated in a rubber airfoil has the

simplest electronic processing system. However, the beam is
very fragile and displayvs unpredictable thermal effects.

Ann  airfoil probe with semiconductor strain gauges on an
aluminium cantilever beam has been developed Aas an
alternative to the piezoceramic beam. The probe was
calibrated by exciting it with a known shear generated by
the water flow from an oscillating nozzle. During
"the calibration the thermal sensitivity of the probe was
established to be -1.7 % <C*-

The probe, along with it's high gain, low noise
processing system, is fitted to a tethered £ree-£all
vehicle. A solid state data logger situated in the

vehicle is wused to ryecord the data generated by the
turbulence probe and a pressure transducer.

Field trials at St.Helena Bay and Hout Bay showed that the
sensitivity of the system is 20 dB lower than that of
similar systems using piezoceramic beams. The system is
able to resolve turbulent dissipation levels above
102 W kg~", making it useful in regions characterised by a
typical mixed laver (dissipation level of 10~¢ W kg~*);
however, it's sensitivity is not adequate for deep sea
measurements where diggipation levels may be as low as
107*° W kg—".
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INTRODUCTION

The physical properties of the ocean microstructure are not
vet fully understood. An understanding of the physical
characteristics of the microstructure wvelocity field is
relevant to the fields of both oceanography and underwater

acoustics.

Greanographers are becoming aware of the fact that
small-scale variations in temperature, salinity and
velocity, and the associated small-scale wvertical mixing

play an important role in general circulation.

The Department of Oceanography at the University of Cape
Town 1is involved in identifying turbulent layers in the
water ¢olumn. The aim is to cormelate these layers with the
vertical flux of phytoplankton nutrients, ie. nitrates,
silicates and phosphates. To fulfil this objective, an
instrument which is able to measure variations in the
microstructure velocity £field is required. The turbulence
may then be analysed in the spectral domain, where the
inertia and dissipation characteristics of the velocity
field may be quantified.

In the field of underwater acoustics, a knowledge of the
spectral and spatial magnitude of these turbulent
fluctuations is important in understanding the effects of
physical ocean processes on sound transmission. A study of
the effects of microscale variations on acoustic signals is
a major topic in current ocCean acoustics research
{R.C.Spindel, 13985).
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The measurement of microscale velocity £fluctuations in the
ocean from a mﬁving yvehicle requires an instrument capable
of high frequency response, fine spatial resclution and
Righ sensibtivity., Furbhermore, the instrumenlt must have a
stable mobtion, falling freely through the water column

rather than being cable-lowered from a ship.

This project is thus aimed at designing, constructing,
calibrating apd field testing an instrument having the

properties mentioned.

This report first describes the expected physical
properties of turbulent shear, and reviews the variocus
instruments previously developed to measure this. The need

for an alternative transducer is substantiated. The design

of such a probe is then discussed, along with it}s
processing electronics and digital gigoal processing
algorithms. The calibration of the probe is then considered
and results are presented. The integrabtion of the probe
into a system capable of measuring turbulence in the field

igs then discussed. The results of field tyisls are
presented. Finally, these results, together with those from
the probe calibration are used to COMpare the
charactervistics of the Syséem with those of other systems

in use elsevhere,
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CHAPTER 2

PHYEITCAL PROPERTIES OF SURS

Z2.7 A DESCRIPTION OF THE VARIOUS SCALES OF QUEANIC MOVE

In order to understand the properties of the ocean
microstructurre and turbulence on this scale, it is useful
to have an understanding of the spatial characteristics of
the variocus scales of marine flow fluctuation.

On the broadest level, background varistions in temperature,
pressure and salinity represent the “climatology®™ of the
Ooean., Vertical scales in this structure are consistent
with mean ocean depths {order 5 km} and horizontal
variations limited only by the size of the ocean basins.

These background characteristics vary on a seasonal basis.

The next level is the wmesoscale structure which is
superimposed on the deterministic background structure. By
definition, the mesoscale comprises spabtial scales of tens
to hundreds of kilometers, and time scales of days to
several months. Complex rings, fronts, and eddy phenomena
are charvacteristic of this class of ocean structure. Ib i3
estimabted (R.C.Spindel, 1985} that 90% of the kinetic
energy in the ocean is contained in mescscale eddy fields.
Variation in mesoscale characteristics can be analysed

deterministically or as a stochastic perturbation of the
background mean.

Finer scales of perturbation include internal waves, fine
structure, microstructure and turbulence. These phenomena
are generally treated as random processes. Internal waves
exist in deep water, with wavelengths of the order of 150m,
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and amplitudes of the order of several metres. They can
also exist on shelves, where horizontal scales are reduced
to between 100 m and 10 km, and vertical scales of 1-100 m.
Time scales for internal waves vary from 10 mins to a few
hours, and resultant horizontal couorrents from these
disturbances are of the order of §,05 ms—?.

The occean fine structure comprises areas of magnitude of
T0-108 ke on a horizontal scale, and 1-10 = on a vertical
seale, It is characterised by a strats 25-40 w thick. The
aeean fine structure spatially overlaps the internal waves
described.

Finallv, on the smallest scale, the cocean microstruchure
has a scale of the order of cenbimsters. Resuliant
turbulence and disszipation are caused hy nmolecular
processes. These processes are intermitient in time and
space. Turbulence wmav be caused by mixing between pockets
having uniform temperabture and salinity, in stabtistically
stable regions below the main thermocline.

These microstructure variations are the subject of current
investigations; it is turbulence within the microstructure
that 4is the topic of both acoustic and oceanographic
study.

Z.2 THE MAGNITUDE OF VELOCITY SHEARS  WITHIH THE
MICROSTRUCTURE

In order Lo design a sensor to detect turbulent velooitbty
shears,it is necessary {0 know the approximate ozrdexr of
magnitude of the expected shears. The literature on the

gengitivity of a variety of previcusly developed probes was
reviewed to this end:

a} PROTAS, a shear probe using a neubtrally bouyant
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vane, described by J.H.Simpson {1971} is capable of
resolving shears of 1 mm/sec over vertical

separations of 30cm, ie: shears of 3.3 x 10-35~7,

b) YVETTE, a free fall shear profiler described by
D.L.Evans, M.Mork and T.Gytre {1979} can detect
current variations of 0.05 x 103 c¢cm 57 over
vertical separations of 10 com, corresponding to
shears of 5 x 10-3g~"., Evans et al claim that a

shear of 5 x 10—2s~" is very large in the ocean.

o The hot-£3ilm anemnomneter dascribed by
B.E.Ingwell and F.B. Weiskopf (1%81) mests the
rasolution reguirements of 0,02 cm s-1 at 10 knots

{0 d8 SBignal to Hoise Ratio {(SHR
of velocity fluctuations of 0,1 cm s at 10 knots.

}1 with an accuracy

Thegse wvalues are not  interpreted as  velocity
because the hot~film anemometer detects the axial,
rather than the transverse component of the
velocity field, which is required to measure
shears.

d) A typical shear profile as recorded by R.G.Lueck
and T.R.0sborn (1981) is shown in FIG, 2.1 It may

be seen that the majority of shears are less than
187, The resolubion of this instrument is of the
order of 10-=*g—7,

1t may be concluded that instrumentation currently used to
detect turbulent velocity fluctuations has a resolution of
between 10-2*s~" and 10237, depending on the type of
instrument.
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FIG.2.1 Typical Shear Profile

(R.G.Lueck and T.R.Osborn,



CHAPTER 3

REVIEW OF THE VYVARTOUS MARINE TURBULENCE PROBES

3.7 AIM OF THE R

The characteristics of transducers that have been developed
to detect marine turbulence are dJdescribed. These are
compared in order to estsblish their relative wmerits
{relevant to this project) and to justify the pursuit for
an alternative sensor. The properties of the hot-film
anemometer, ultrasonic sensors, airfoil probes, sonar and
laser Doppler anemomeaters are reviewed and theix
suitability for this project is discusgsed in the
conclusion.

3.2 THE HOT FILM ANEMOMETER

3.21 General Description

Hot-film probes consist of a thin metal sensing element
having a resistance of 5 to 20 ¢ , deposited on a substrate
having high electrical and thermal insulating qualities, as
shown in FIG.3.1. Films are used in preference to wires in
liguid applications because they are bebter suited to
withstand the associated hydrodynamic forces, and are less
susceptible to contamination. The hot-fils probe forms one
arm of a bridge, with a feedback network that keeps the
probe resistance constant. The £low of liguid past the
probe is responsible for heat transfer, and an attending
change in probe resistance. This chengs in resistance
unbalances the bridge, and the feedback network readjusts
the bridge voltage to achieve a new balance. Hence the
vopltage wariations required to balance the bridge are
proportional to the flow.
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FIG.3.1 Schematic of Thin Film Probe Assembly.
(R.E.Dingwell and F.B.Weiskopf)

3.22 Critical Review of the Hot-Film Anemometer.

The hot-film anemometer has a high frequency response,
varying from flat up to 500 Hz (as described in the review
by H.R.Frey and G.J.McNally, 1973) to a typical decay of -6
dB @ 500 Hz, as is characteristic of the conical probe
described by Dingwell et al (1981).

Hot-film anemometers have a high sensitivity.The instrument
discussed by Dingwell et al has a resolution of
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0,02 cm sec~” @ 10 knots, with an accuracy of velocity
Eluctuations of §,7 om sec-? 8 10 knobs. However, the
strongest asset of the hot-film {(or hot-wire) anemometer is
it's high spatial resolution. The relationship between
bridge output wvoltage (Vae) and particle displacement {p)
iz governed by the law:

Ve ma® o e (1)

where 3. ig a calibration copefficient dependant on
frequency and 4 is the diameter of the hot-film sensor. A

typical value is 300 ym, (P.S.Dubbleday, V.V.Apostalica and
D.L.Diebel, 1988}, making the instrument an attractive
alternative for dinvestigating inertial subrange and
dissipation range of turbulence within the microstructure,

where the spatial rescolution ocf the probe is the
determining factor.

The advantages of high sensitivity and spatial resolubion
of the hob-Ffilm anemometer are offset by it's unsuitability
for field use. Shortcomings of this this type of probe are
described in detail by Frey et al {1973} and Dingwell et al
{1981}).

These include the short lifetime of standard probes (10-100
hrs in laboratory conditions, and less than 21 hrs in field
conditions), and the complexity of increasing this either
by an inert platinum wvapour baxrier over the BSi0a
insulating layexr {Dingwell et al}, or by encapsulating the

sensor in an elastomer boot filled with deionised watexr
{Dubbleday et al). Other shortcomings include the downward
drift in probe sensitivity due to deterioration of the film
Junction necessitating freguent calibration checks; also,
the directional sensitivity of conical hot platinus f£ilm
probes limits their use in determining the 3  spatial
components of £flow.
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3.3 ULTRASONIC SENSORS

3.31 General Description

Shear profiles that utilise acoustic current meters are
conceptually simple instruments comprising two ultrasonic
pingers that transmit pulses in opposite directions along
the same path. The difference in travel time is directly
proportional to the average fluid motion along that path.
The instrument described by Evans et al (1979) operates in

this manner.

3.32 Review of the Performance of the Ultrasonic Shear

Profiler

The transducer described by Evans et al is capable of
measuring velocities o©of 1 mm sec™, a sensitivity of the
same order of magnitude as the hot-film anemometer.
However, the physical separation of the probes limits the

spatial resolution of the instrument in two ways:

Firstly, the transit time of a pulse measured by the
instrument electronics must be determined to a high degree
of precision. Assume that two probes are spaced apart
(distance d) in a mean flow V, as depicted in FIG.3.2:

|l

PROBE A FRCEBE B
< -y

Distance d

Maan Flow V

————s

FIG.3.2 Probe Arrangement. for Ultrasonic Sensor
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The time it takes for a pulse travelling from A to B (tan)
in water where the wvelocity of sound is o, is
tar = d/{c+V). The time for a pulse from B to A is
toa = d/{c-V). The instrument measures the difference in
times, ie: ten-btes = -2dV/c#®.

¥£ the probes arxe spaced 3¢ ¢m apart {(as is the case with
the probe used by Evans et al) and the mean flow velocity
is 1 mms—%, then for a velocity of sound of 1500 ms—",
tas~tos = ~3x10-"° seconds. This value will fluctuate with

physical changes of the water. Therefore, in addition to
measuring transit times, the circuit must measure and
compensate for slectronic drift and changes in the speed of
sound. The required precision increases as the probes are
moved closer together.

Secondly, probes situated closer together than the 30 cm
used by Evans et al will disturb bthe very structure that is
being measured.

Thus, the effectiveness of ultrasconic instrumentation is
limited to analysing vertical scales of 0.5 m and larger.
These instruments are more suited to studying internal wave
characteristics and £fine structure, than the turbulent
characteristsics of the inertial sub-range and dissipation
ragion, whefe a spatial resclution of centimeter order of
magnitude is reguired of the transducer.

3.4 DOPPLER BACKSCATTER TECHNIQUES

3.41 Genexral Description of the Doppler-Backscatter Method

Doppler senscors can detect relative water motion by
transmitting a high-frequency (sound or light) signal in a
narrow beam, and measuring the frequency shift of the
returned signal as it is scattered from particles in the
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water. The attraction of this technique is it's remote
measuring capability. In theory, wvelocity aén be measured
at a selected distance from the transducer without
disturbing the wvelocity structure, as is the case with
cther techniques. The performance of Doppler Sonar and
Acoustic Doppler instruments, as well as Laser Doppler
Anemometers will be discussed.

3.42 A Review of the Performance of Acoustic Backscatter

Technigques and Doppler Sonar

In their review of velocity measurements using Acoustic
Doppler Backscatter, W.E.Woodward and ¢.F.Appell {1985)
discuss the then state of the art in this technology. From

the review, it is evident that the copmercizl devices
available using acoustic backscatter techniques are
primarily aimed at measuring mesoscale curyent variations.

A typical specified precision iz 3.7 cms~' for a depth
resolution of 2 m. The spatial resolution is inadequate for
the measurement of microstructure disturbances. A system
wasg developed for turbulence measurement in estuaries, but

this never progressed beyond the research tool stage.

A high resolution Doppler Sonar system is described by
R.Lhermitte (1983). This system has a velocity resolution
of 0,2 ocms~"' and a wakter depth resolution of 3,5 om. The
svystem has been used to measure water velocity and
turbulence in a tidal channel. The technigue reguires the

presence of a sufficient concentration of small targets
acting as traces of water velocity from which the phase
change between consecutive backscatbter pulses is evaluated.
The presence of air bubbles or organisms with propulsion
capability tend to bias the velocity measurement.

The experimental layout comprised a fixed beam inverted
Doppler Sonar which rested on the waterway f£loor, producing
& sonar beam tilted at 452 from the horizontal.
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The 200 kHz system had a range limited to 10-15 m which was
adequate for use in the channel.

The system described has adequate spatial and velocity
resolution to analyse dissipation due to microstructure
turbulence. However, the range limitations and reguirement
of a fixed platform from which to monitor the turbulence,
prevent the instrument £from being used to map vertical
shear profiles in a survey of  the microstructure.
Furthermore, to evaluate water velocity as a function of
depth, a single Doppler Sonar would reguire either a
scanning beam or several fixed beams pointed in different
directions, because the Sonar only senses radial velocity ,
and evaluation of target motion as & vectdr would requirs

radial velocities from different directions.

3.43 The Laser Doppler Anemometer

Using the same principle as the other Doppler-shift
techniques described, the Laser-Doppler-Anemomeber (LDA)
measures the Doppler-shift of laser light scattered from
small particles moving in the fluid. This method is well
established in determining fluid velocity in pipes, where
the fluid can be seeded with minute particles (micron ordexr
of magnitude) evenly distributed through the fluid.

Theoretical aspects of this approach are discussed by
P.Buchhave, W.K.George and J.L.Lumley (1979) in their
review of the measurement of turbulence with the LDA, The
review also discusses the problems associated with this

technology, which include the following factors:

Variations in the refractive index of the £fluid have a
detrimental effect on the signal to noise ratio of the
output. In the case of seawater, the refractive index is
primarily a function of galinity , which may vary
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considerably through a typical vertical profile.

The measurement of low intensity turbulence reguires the
use of a burst-signal processor. Here, the movement of
individual particles is monitored, as opposed to continuous
processing where particle motion is averaged over the probe
volume . This poses it's own problems, because the data
rate is uvsually below that required to resolve small scale
turbulence in a real-time mode (due to an inefficient
concentration of seeding particles), thus complicating the
extraction of statistical quantities from the randowly
sampled data. The burst signal has bto be analysed for the
entire period that the particle is in the probe volume, for
the samples to reproduce the desired Eulerian wvelocoity
field.

The only documented application of the LA to the
measurement of marine microstructure turbulence that has
been discovered by the author in searching the literature
in this field, is in the Annual Report of the Centre for
Water Research at the University of Western Australia
(1986). The Department of Environmental Fluid Dynamics is
involved in the manufacture of a Microstructure Flux
Profiler that 'imamrporates an LDA to monitor the w and v
components of velocity., It is difficult to evaluate the
performance of this instrument from the very brief
description which is given. The portable instrument does,
however, require a National 32016 32-bit microcomputer
system to handle data aguisition. The LDA signal processing
involves FPourier Transforms of signals with bandwidths up
to 100 kHz. The simplest Fourier Transforms algorithm
requires a sustained computational throughput of 14 million
floating point operations per second (Mflops), requiring 2
parallel processing systems having a combined throughput
of 20-40 MEflops.
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The source idis a 5 milliwatt helium-neon laser. It is
claimed that the instrument will be capable of resolving
the three dimensional velocity field with o©m order of
magnitude resolution.

To date, there have been no publications on the performance
0of the instrument. It will be interesting to monitor
publications from this University, in particular by
J.Imbeger (the academic director of the project), ¢to
determine the success of this instrument.

Besides being technologically complex, the LDA is reliant
on a pre-specified particle concentration in the deployment
region. This may restrict it's deployment to regions where
the salinity and nutrient concentration (seeds} are within
specific operating limits.

3.5 AIRFOIL PRORBES

3.51 Historical Development of the Probe

The first aidrfoil sensor was developed by T.E.Siddon and
H.S.Ribner in 1965 te monitor turbulent velocity
fluctuations in airflows. It consisted of a miniature
aluminium aerofoil connected to a tapered cantilever beam

embedded 4in a piezoceramic sensing element, as shown in
FIG. 3.2.

For low values of turbulent intensity, the piezocelectric
element produces an ocutput voltage directly proportional to

the transverse component of the turbulent velocity.

The most significant problem encountered with this design
wag obtaining an overall structural response free from
resonant peaks over the frequency range of interest, with
frequency components between 0 and 10 kHz contributing to
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the frequency spectrum in a typical aerospace application.
The resultant design had a fundamental natural frequency of
12.5 kHz.

AEROFOIL

TRANSDUCING
) c ELEMENT

FIG.3.3 Schematic of Original Airfoil Probe Transducer.

The design was improved by T.E.Siddon (1971), when he
replaced the aerofcil with an axisymmetric half-body of
revolution at the nose of a c¢ylindrical probe. The
fundamental frequency of the beam-nosepiece was maximised
by wusing an epoxy coated balsa nosepiece. This 1light
confiquration (FIG. 3.4) ensured a resonant frequency in
excess of 15 kHz, and minimised inertial loading of the

transducer arising from support vibration.

The application of this form of sensor was extended to
oceancgraphic applications by T.R.Osborn (1974), the sensor
construction being similar to that in Fig. 3.3., except for
the balsa nosepiece being replaced by a moulded silicone
rubber nose. A detailed description of the performance of

the transducer is given by T.R.Osborn and W.R.Crawford
(1980).
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The probe has been deployed as a component of both
retrievable instrumentation systems (N.S.0Oakley, 1977), and
expendable dissipation profiler (XDP) systems (R.G.Lueck
and T.R.Osborn, 1981).

PIEZQCERAMIC BIMORPH
ELEMENT

STAINLESS STEEL TUBRING
BALSA NOSE PIECE

- ————
To PRE-AMPLIFIER

2.4 mm EPOxY COATING EPOXY

FIG. 3.4 Schematic of Airfoil Sensor as used in the
1970's.

More recently, the probe has been used to measure
microstructure turbulence both in submarine canyons to a
depth of 400 m (Lueck et al, 1984), and as part of a
deep-sea instrumentation system where it has been deployed
to depths in excess of 1 500 m (N.S.Oakley, 1988).

3.52 Review of the Performance of Airfoil Probes

The comprehensive documentation available on the results of
field deployment of airfoil probes proves that their
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performance compares favourably with the other turbulence
measurenent technigues discussed. The sensor is robust when
compared with the hot-film anemometer. It's resolution of
10-25~* is fine enough to analyse dissipation levels

associated with microstructuere shear.

The most attractive aspect of the airfoil probe is  the
gimplicity of the processing system. The signal from the
piezoelectric beamr is amplified by a charge amplifier {the
beam achkts as a capacitively coupled wvoltage source),
differentiated to present the data as a velocity shear, and
finally stored or transmitted to the surface vessel. The
result is a low maintenance processing system not reguiring

continuous specialist input.

It has been shown {(T.E.Siddon, 1971} that the spatial
resolution of the probe depends on the cross-section
diameter of the airfoil, and that the probe resclves
frequencies down to approximately 4 times the probe
diameter. Typical ‘diameters of probes are between 4.7 mm
{T.R.O0sborn and W.R.Crawford, 1980} and 6,0 mm {N.S5.Qakley,
1977), resulting in a spatial resoclution of between 1% and
24 mm,

The airfoil probe does have it's limitations, a number of

which are commented on below:

Firstly, piezoelectric devices are sensitive to temperature
variations. Experiments have shown {Osborn et al, 1981)
that the gsensitivity of the probe is dependant on the mean
surrounding temperature, a factor of about +1% R Sl
{although this has been found to vary from probe to probe).
Piezoelectric devices show pyroelectric effects, resulting
in a low-frequency response o temperature changes. Osborn
et al showed that a 1°C temperature change over 1 m

resulted in a low frequency velocity shear of the order of
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2.5 x 10-2,s 7, Conseguently, the low-fregquency response
of the probe is limited to between 1 and 0.1 Hz.

Secondly, piezoceramic bimorph beams are wvery brittle and
have a limited Llife. Any form of mechanical shock is bound

to break the sensing element. Lifetime is not a factor in
expendable instruments, but in 4instances where a
retrievable, reusable system has been desired, it has been

necessary to build a few probes for each research mission.

Each probe has to be calibrated individually because the
axial aligonment of the piezoceamic beam affects the
sensitivity of the probe. Mechanical failure of the probe
is characterised by the presence of laxge noise spikes
associated with temperature changes. If the probe cutput is
not monitored for sach deployment, these noise spikes may
contaminate the results of a significant portion of an
cceanographic survey.

Thirdly, due to the high impedance oubtput characteristics
of the piezoceramic element, the probe is susceptible to
noise between the sensor and the pre-amplifier. This does
not seem to be & significant problem, as ILueck and Osborn
{1980} describe the contamination in their system to be 100
Vems in  the 1-250 Hz band, corresponding to a oot mean
square (RMS) noise shear of 10-"°.W/m™.

Finally, the theory that predicts the coutput signal of the
airfoil sensor is proportional to the transverse component
of velocity, is only walid if the sensor has small angles

of tilt and for an axial velocity much greater than the
transverse velocity (justified in Chapters 8.31 and 8.411}.
Large angles of tilt of the probe {(>+15°} result in =a
non-linear cutput function due to viscosity effects on the

probe (T.R.Osborn and W.R.Crawford, 1980). Thus, the
hydrodynamic performance of the vehicle housing the probe

is an important consideration when designing the system.
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3.6 CONCLUSION

The suibtability of the described sensors to the current
project should be considered with reference to the desired
spatial rescolution of the probe , Portability ©f the
instrument, it's ‘"user friendliness" (the users being
Oceanographers and not Electronic Engineers), as well as
the cost of design and manufacture {influenced by the state

and availability of current technology).

Gf the probes described, the hot-film anemometer and the
airfoil probe are the only ones having the required spatial
resolution and portability, along with relatively little
technological complexity. Although the airfoil probe has a
spatial resolution one order of magnitude lower than that
of the hot-film anemometer, 1t proved to be adeaquate for
the analysis of microstructure turbulence. The advantage of
linearity and ease of calibration of the airfoil probe over
the hot-film anemometer make it the more attractive
alternative.

This project is therefore aimed at developing an airfoil
probe which ﬁas a lower maintenance requirement than those
used previously. This may be achieved by finding an
alternative sensing element to the brittle piezoceramic
eam currently used. Desirable characteristics of a new
Sensor include a longer lifespan, improved thermal
characteristics and a2 higher signal to noise ratic than

prasent probes.
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CHAPTER 4

THE FEASIBILITY OF A STRAIN-GAUGED BEAM AS A TURBULENCE
TRANSDUCER

A feasibility study of this nature was conducted by
I.C.Main as part of an undergraduate thesis at the
University of Cape Town in 1987. This section reviews some
of the important factors to be considered.

4.1 CHOICE OF BEAM CONFIGURATION

BRASS CASING SILICONE AIRFOIL
NOSE
e = | .
é — B ALUMINIUM BEAM
TP _VEIW
EPOXY ANCHCOR

\ STRAIN GAUGE 8 mm
"‘—-——-—ﬁ
e e R ) @

SIDE_VETW ERONT VEIW

FIG. 4.1 Cantilever Beam Airfoil Probe
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The most appropriate configuration is a cantilever beam
anchored in an epoxy base, as shown in FIG. 4.1 For maximum
sensitivity, the strain gauges must be mounted as close to
the anchor as possible, in an active half~bridge
configuration, where the bending moment is the greatest.
The axis-symmetric silicone airfoil remains the same as

that used for piezoceramic transducers.

4.2 CHOICE OF BEAM MATERIAL

In accordance with Euler-Bernoullian beam theory, the
strain (¢) on a thin cantilever beam of 1length, width and
thickness 1, w and h, resectively, is given by the
equation:

e-SEL (2)
wh*E
wheré F is the applied force and E 1is the modulus of
elasticity for the material. It is evident that the
material that produces the largest strain for a given force
is that with the lowest modulus. FIG. 4.2 lists the modulus
of elasticity for a selection of materials.

Material Elasticity [{GPa]
Aluminium 69
Brass Q0
Cast lron 103-138
Copper Berrlllium 131
Stelnless Steel 179-193
Stesl 200+

FIG. 4.2 Younqg's Modulus for a Selection of Materials

Substituting these values for E in equation (2) confirms
that aluminium will produce the largest strain for a given
applied force.
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4.3 CHOICE OF STRAIN GAUGE

The suitability of the strain gauge for this application is
determined by :

a) The physical dimensions of the strain gauge.

b) The achievable sensitivity of the gauge.

c) The compatibility of the gauge with the substrate.

4.31 Physical Dimensions

For maximum spatial resolution of the probe, the strain
gauge must be as narrow as possible. This restricts the

choice to the simple bending gauge, as shown in FIG. 4.3.

| Aative gnd length ]

-

R \ I_ji
édda'mg Tabs Blcklng-/ \ Conductor & Tabs.

Taonzn Single Semiconductor Crystai

e
[
|

\—Blckirq

T40R0

FI1G.4.3 Bending Strain Gauges (Bruel and Kjaer).

4.32 Sensitivity

The sensitivity of a strain gauge is indicated by it's
Gauge Factor (G)
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where R is the static resistance of the strain gauge, and
68 is the change in resistance for a given applied strain
{ € ). A Gauge Factor of 2.1 is typical for resistive
hanﬂing strain gauges.

A probe utilising conventional resistive strain gauges has

been designed and described by I.C.Main (1%87). It was
found that for the magnitude of strains expected, a Gauge
Factor of 2.1 resulted in a SNR too low to retrieve the
driving signal. It was proposed that a similar system be
designed using semi-conductor strain gauges. These have a
Gauge Factor of 126, providing a 35 dB sensitivity
improvement. Some of this advantage may be lost due to the

non-linear thermal behavicur and sensitivity associated
with semiconductor strain gauges. The design of a system

using semiconductor strain gauges is persued in Chapter 5.

4.33 Compatibility with the Substrate

The gauge backing material and the cement must be able to
operate at the anticipated temperature and strain levels.
Due to the moderate temperatures encountered in the ocean,

and the low strains expected due to turbulence, the

specifications of standard gauges are adequate.

The temperature expansion coefficient of the strain gauge
should suit the aluminium to which it is to be atitached.
Semiconductor strain gauges specify a thermal coefficient
as an apperant strain on steel (typically +11 ue / °eC).
However, 1f the gaunges are used in a full bridge
configuration, or if dummy gauges are used, the arrangement
iz thermally compensated.
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4.4 REQUIREMENTS OF THE SIGNAL PROCESSOR

It will be shown in Chapter &6.1 that the oubtput voltage
from the strain gauged bridge has a microvolt order of
magnitude, which may be compared with the millivolt order
of magnitude signal resulting from an equivalent force on =a
PZTSR piezoceramic beam. This requires careful design of
the amplifier stage if an adeqguate SER of the output signal
is to be achieved.

The overall gain of the system will be reguired to be in
excess of 100 dB, in order to raise the output signal to
levels compatible with a data-logging system. The bridge
will reguire a high gain, low noise instrumentation
pre-amplifier in the immediate vicinity of the strain
gauges and the processing electronics. This instrumentation
amplifier requires a high common mode rejection ratio of
the order of 110 4B, and low thermal drift characteristics
to minimise the errors in the coutput signal caused by the
electronics.

4.5 CONCLUSION

It should be possible to replace the piezoceramic beam of
the current airfoil probe with semiconductor strain gauges
mounted on an  aluminium cantilever beam, if a high gain ,

low noise amplifier is used.
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CHARTER 5

D CONSTRUCTION OF AN ATRFOIT. PRODE USTHG
SEMICCHNDUCTCOR STHAIN GAUGES

5.7 DETERMINATION OF THE CANTILEVER BEAM DIMENSIONS

5.11 Spatial Resolution

It has been shown {(Siddon, 1971} that the airfoil probe is
able to reselve wavelengths down to about four times the
probe diameter. FIG. 5.71. shows the probe response {@wﬁﬁ}
plotted against Strouhal freguency (S}, where § = £4/0, ©
being the mean flow of a round bdet. This can be regarded as
a measure of probe diameter: wavelength ratio, 4/ A . The
frequency response of the airfoil probe begins to fall when
d exceeds A/f4.

Osborn and Crawford show that if the transfer function of a
sinewave of wavelength A is averaged over a length L, the
result is the {(8in x)}/x function, with x = #@L/A . This
relation implies that the -3 dB point is at » = 2.25L, and
the point A = 4L  corresponds to the -1 dB point. Thus, as
the cross-sectional area of the airfoil decreases, so the

spabtial resolution increases.

The width of the cantilever beam is ultimately limited by
the width of available strain gauges. The narrowest
semiconductor  bending gauges that Kyowa  Electronics
manufacture (Kyowa are the suppliers for this project) have
a backing 5 mm wide. It should therefore be possible to
manufacture an airfoil having a cross-sectional diameter of
7-8 mm. This is marginally larger than the 4.7-6 mn of
previcus airfoil designs, but the probe will still be

capable of resolving wavelengths of 3.5 ocm and longer.
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& — X-WIRE PROBE

(O — AIRFOIL PROBE (V CHANNEL)

o 4+ @ -~ AIRFOIL PROBE (U CHANNEL)
=10 <
=20 - \\
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-30 - N
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4 T _l._l_ 1 1
20 102 105 10

Frequency [Hz]

FIG. 5.1 Comparison of Turbulence Spectra as Measured

with Lift Sensing Probe and X-Wire Probe
(T.E.Siddon, et al, 1971).

‘5.12 Beam Sensitivity

5.121 The Relationship between Sensitivity and Natural
Frequency

The relationship between the beam dimensions and probe
sensitivity was described by Equation (2). It can be
seen that the thickness of the beam is the single most
significant dimension influencing beam sensitivity. If
the width of the beam is set at 5 mm, as justified
above, and the length is set at 20 mm (an aspect ratio
comparable to other 1lift sensors), then the sensitivity
of the probe is inversely proportional to the second
power of beam thickness (h=).
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The sensitivity of the probe, however, is determined
ultimately by the fundamental resonant response of the
airfoil/cantilever beam combination. This can be
attributed to the fact that the natural frequency of
the beam becomes lower as the beam thickness is
decreased. Eventually, for a thin beam, the resonant
frequency encroaches into the frequency range of the
expected turbulence driving signal, biasing the
frequency response of the probe and contaminating the
ocutput signal.

5.122 Determining the Relationship between Beam

Thickness and Natural Frequency

(i) Alternative Methods of Solution.

The problem arises in ascertaining the resonant
response of the airfoil as a function of beam thickness
in order to set the fundamental frequency at a
predetermined wvalue. In mechanical terms,the airfoil
may be described as a complex thick beam with low
aspect ratio. It deces, therefore, not comply with
Euler-Bernoullian beam theory, in which the shearing
effects of the cantilever beam are neglected. Due to
the complex nature of the beam structure {(aluminium:
silicone combination), the mathematical solution lies
in solving the boundary conditions of a set of
differential equations {Dr.H.Pierxce, personal
communication}. This would require expert knowledge in

the field of beam theory.

An alternative solution is to work on a trial and error
basis, constructing probes of various thickness, and
testing their response. This method is extremely costly
in terms of the cost of the strain gauges and time in
building probes which would later be discarded.
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A feasible approach to solving the problem involves the
creation of a finite element model and analysing the
response using ABAQUS, a finite element analysis
algorithm, in conjunction with the VAX/VMS computing
system,

{ii) The Finite Element Model.
{a) General Approach to Finite Element Analysis.

A method of approaching the problem involves creating a
one-dimensional beam model. The results of this
analysis can be compared agsainst the known regonant
response of a prototype prebe which has already been
constructed. Parvameters can be tuned until theory
coincides with the known experimental wvalues. The
single dimensional model can be extended to a
two-dimensional "beam in a plane model” which
incorporates the effect of transverse shear deformation
of the beam. This two-dimensional model would prove a

more accurate representation of how the resonant
frequency of the probe varies with the thickness of the
aluminium cantilever beam.

The model is defined by representing the complex beam
as a sebt of elemenits, each element aspproximating the
physical displacement of the corresponding part of the
real beam. The elements are then linked by a sebt of
nodes which prevent the sides of neighbouring elements

from separating or overlapping when the model deforms.

In the case of the cantilever beam, boundary conditions
are set by fixing the appropriate nodes. The Finite
Element Algorithm then requires the Elasticity, Poisson

Ratic and Density {(Mass)} for both the aluminium and the
rubber elements.
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The Modulus of Elasticity of the Q3-3321 Silicone
Moulding Rubber used, is 0.7 MPa at 100% elongation
(Appendix 1), corresponding to Point A on FIG. 6.2
However, the Stress:Strain relationship for rubber is

non-linear and has a proncunced hysterisis.

Stress (MPa) Tvoi
ypical curve

0.7fF-—-~—~—==———— -

Manufacturer’s
Specification

Strain (% Elongation)

FIG. 5.2 Typical Stress:Strain Curve for Rubber.

PARAMETER RUBBER ALUMINIUM
Pensity (kg/m3) 00 2700
Poisson’s Ratio 0.5 0
Young's modulus (MPa) 0.3-0.7 &% 000

FIG. 5.3 Physical Properties of Composite Beam.
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The Elasticity must therefore be modified to a value
corresponding to a much lower strain. {In the natural
frequency analysis, beam deflection is small and,
therefore, very small strains are encountered). Region
B on FIG. 6.2 would be more appropriate in order to
estimate the Elasticity for the natural frequency
calculation.

FIG. 5.3 gives the input parameters chosen for rubber
and aluminium.

NOTES ¢

a} The Poisson's Ratio of aluminium is taken to
be 0, and not it's actual value of 0.3,
transverse shearing being neglected due
to the high aspect ratio of the aluminium
beam (less than 1 mm thickness =x 20 mm
length}.

b} The rubber is assumed to be incompressible,
with a Poisson's Ratio of 0.5. When the
actual parameter is enterxed into the
algorithm, a value of 0.499 is chosen to
avoid theoretical singularities encountered
in calculations involving incompressible

materials.

{b) The One-Dimensiocnal Finite Element Model.

A single line mcdel is developed using linear
Timoshenko beam elements, as shown in FIG.5.4. The
aluminiumn beam is described by 4 line elements linked

by 5 nodes. The elements are defined as having a
rectangular cross-section. The silicone airfoil is
approximated by a similar line element beam with a
circular cross-section and nodes that coincide with
those of the aluminium beam.
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Node | Fixed

ELEMENT
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. — P

CROSS SECTION

FIG. 5.4 Simple Line Element Model.

FIG. 5.5 shows the results of the analysis for the
various thicknesses of aluminjium. The elasticity of the
silicone model was estimated at 0.5 MPa for this

curve.

Point A corresponds to the calculated frequency for an

input to the algorithm of 0.35 mm. A prototype probe
of similar dimensions was constructed and the resonant

response was found by blowing on the airfoil te obtain

an approximate white noise forcing function. The output
spectrum of the probe is shown in FIG. 5.6.

The resonant peak at 190 Hz is clearly wvisible in the
plot. This should be compared with the theoretical

value of 228 Hz (Point A on Fig. 5.5.) obtained using
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Finite Element techniques. The discrepancy between the
two values may be attributed to the Euler-Bernoullian
assumptions used in the analysis of the
model.

line element

NATURAL FREQUENCY : BEAM THICKNESS.

RESPONSE [Hz}

2000
1500 - e = o e e s o e e e e e - /4_ -
//
/‘//
100 0 | e ——— e -
/ ¢
500 - A N ———
e
Point A ——s
O 1 I 1 ] 1 1 ]
0 0.2 0.4 06 0.8 1 1.2 1.4 16

BEAM THICKNESS [mm)

FIG. 5.5 Variation of Natural Frequency
with Beam Thickness - 1® Model.

/34




-34-

NORMALISED T
RESPONSE p‘

q' }‘i \\
A Mfmwmf LN

]

T T 1

FREQUENCY (HZ)

FIG. 5.6. Resonant Respconse of Prototype Airfoil Probe.

(c) Conclusion.

FIG. 5.5. allows a reasonable prediction of the
resonant behaviour of the probe as the aluminium beam
thickness increases. The resultant curve is adequate
for the order of magnitude approximation required, and
time did not permit a two-dimensional analysis.

5.123 Determination of the Desired Beam Thickness

Now that an estimate of the resonant behaviour is
known, it is possible to set the natural frequency to a
predetermined value. This value can be decided once

the frequency range of the expected turbulence driving
signal is known.
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A typical airfoil probe (Lueck et al, 1981) is able to
resolve spatial frequencies of the order of 100 Cycles
per Meter (cpm), as shown in FIG. 5.7. The
time-dependant frequency is obtained by multiplying
this resolution by the expected £fall speed of the
probe.

Fall speeds of previously designed airfoil probes have

varied between 0.5 ms-' for retrievable instruments
(N.S.0akley, 1977) to as fast as 3 ms-' for XDP
instruments (Lueck et al, 1984).

Thus, if a fall speed of 1 ms~' is selected, the
frequency response of the probe should be flat up to
100 H=z.

Finally, evaluating this in terms of required beam
thickness, FIG.5.5 shows that the beam will need to be

at least 1 mm thick in order to keep it's natural
frequency one order of magnitude higher than the

expected 100 Hz driving sgignal.
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FIG. 5.7 Spectrum of Shear Signal
(R.G.Lueck and T.R.Osborn, 1981). /36
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5.2 STRAIN GAUGE BRIDGE CRITERIA

5.21 Configuration for Maximum Sensitivity

The placement position of the strain gauges on the
cantilever beam is shown in FIG. 4.1. In order to
obtain maximum sensitivity from this arrangement, two
strain gauges must form an active half-bridge, as shown
in FIG. 5.8.

V+
Gauge A A
7!
L-_" A
5 L\/Y‘

e "

To Pre-amplifier

N

-\

N\

Gauge B

o ol >

"Active Arm Passive Arm

FIG. 5.8 Active Half-Bridge Confiquration.

R = Resistance
dR= Change in R
i = Current

FIG. 5.9 Bridge Circuit.
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The output voltage (V} from a bridge excited by »a
voltage (E} may be derived from the circuit in FIG. 5.9 as
follows:

ST S
logy = Rz«g R, e {4}
- E
[+ a1+ (R - dR} e {5}
S
=== {6}
. E -
Vag = faq Bae = 55 R + dR) ceees AT
E .. B
Vi = B (8}
: £ E -
50 V4 = 5 = R a1 [N {9}
B dgR
T~ {14}

5.22 Thermal Stability of the Bridge

5.221 The Active Arm

I£f ‘the active strain gauges are well matched and
experience an identical resistance change due to a
given thermal gradient, there will be no apparent
strain at the bridge output due to thermal drift.
Furthermore, as long as the gauges are mabched,
gxpangion of the aluminium beam due to heating will
cause the sane appavent strain on both gauges, thus
negating the resultant output drift.

/38



A

5.222 The Passive Arm

Experience has shown {(I.C.Main, 1987} that 4if the
passive arm (FIG. 5.8) is made of carbon resistors,
significant drifting occurs at the bridge output, as
the bridge heats up. This can be attributed to uneven
heating of the resistors due to mismatching and thermal

variations within the physical layout of the bridge.

This effect can be minimised by replacing the resistors
with compensation strain gauges mounted in close
prowimity, so that they experience the identical

thermal variations.

5.223 Intevconnecting Leads

It is important to ensure that the leads between the
strain gauges and the bridge nodes are as short as
possible to prevent spuricus signals due to elecircnic

noise and temperature~induced resistance changes.

The lead length can be minimised by mounting the
passive compensation gauges on the aluminium beanm
immediately behind the active gauges {(in the epoxy
anchor). This has the added advantage of ensuring that

all the gauges experience similar thermal conditions.

5.23 Balancing the Bridge

The traditional method of balancing a strain gauge bridge
under no-load conditions, is shown in FIG. 5.10. A
potentiometer is used to zero the effects of uneven

potential divider ratios between the two arms.
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‘/L ———o {4}

Balancing 2 < Strain (=)
Potentiometer Gauges «

A

FIG 5.10 Traditjonal Bridge Balancing Technique.

This method was used by I.C.Main (1987) in a prototype
design and was found to be most unsatisfactory. The bridge
reguired continuous tuning due to thermal drift, as well as

unbalancing caused by any permanent deformation of the
cantilever bean.

This problem was solved by decoupling the bridge from the
preamplifier of the transducer. This is Jjustifiable for a
few reasons:
a) The low frequency resolution of the probe is, in
any event, restricted to a factor determined by
the length of the vehicle housing the probe.
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The airfoil will not be capable of resolving
wavelengths longer than the length of the
vehicle, because longer wavelengths advect the
vehicle, changing it's angle of attack and
making the sensitivity of the shear probe
unpredictable. {(Lueck et al, 1584)}.

b} The low frequency response of the instrument is
likely to be affected by the thermal
characteristics of the electronics and spuriocus
signals due Yo any mismatch in the strain

gauges.

¢} Any D.C. signal oubtpubt from the bridge would be
the result of a constant transverse force on the
bean caused by viscosity effecks on an axially
migaligned probe. This signal is not necessary
in the evaluation of the velocily sheayr, which
may be described as the derivative of the

transverse force on the beam.

5.3 DESCRIPTION OF AIRFOIL PROBE

An  airfoil probe was constructed wusing two KSPE-2-E4
semiconductor strain gauvges {Kyowa Electronics, Japan)
mounted on  an alusinium beam 1 mm thick {as Justified in
Chapter 5.123}, 5 mm wide and 80 mm long. Two aluminium
compensated conventional foil gauges (EFC-2-C1-23) were
mounted on the beam, inside the probe as the compensabing
passive arm of the strain gauge bridge. A longitudinal view
through the probe is given in Appendix 23. The silicone
airfoil was moulded from Dow Corning 3-3321 BFY  High
Strength Mouldmaking Rubber {(Appindix 1}. The active length
of the cantilever beam i3 20 mm and the cross-sectional
diameter of the airfeoil is B mm. The method used to
construct the probe is described by I.C.HMain (1987).
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CHAPTER §

DESIGHN OF THE PROCESISING ELECTRONICS

6.7 GAIN REQUIREMENTS OF THE PROCESSOR

In order to establish the gain reguired to amplify the
expected bridge oubtpub signal to levels compatible with the
data-logging systen, the magnitude of the transverse force
on the beam needs to be determined. This requires an
estimate of the order of magnitude of the transverszse

component of the turbulent velocity flow.

The instantaneous cross force {(F.) caused by potential flow
on & slender body of revolution, has been described by
Allen and Perkins {(1952) as:

?Q = gAY .. {11}
where ¢ is the fluid density, A is the cross sectional area
of the probe, ¥V and u are the axial and transverse

components of velocity, respechtively.

The diameter of the airfoil probe has been set at 8 mm to
allow for the 5 mm width of the aluminium beam and the
surrounding brass casing. This corresponds o a coross
sectional area of 5x10-° m®. It was established in 5.7123
that the fall speed of the vehicle housing the probe will
be 1 ms~*. This corresponds to the (V) component of the
valocity.

it dis difficult to estimate the transverse component of
velocity {(u) by examining btypicel shear profiles, as in
FIc.2.1. However, it is evident that the resolubtion of the
various ingtzruments described in Chapter 3 varies between 1
and 10 mm 7.
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The resultant cross force {Fe) is <¢alculated Dby
substituting these estimates into BEguation {11}. It may be
gseen that the the above velocities correspond teo oross
forces of bebween 50 N and 0.5 i on the probe.

The resultant strain on the cantilever beam is calculated
using Eguation {2}. The beam dimensions derived in
ChapterS (1L = 20 mm, w = 5 mm and b = 1 mm} are used in {2}
with the values of P ({the cross forcel calculated above.
These forces result in strains of between 0,017 e  and
8,17 e .

Using Equations (3} and (10}, it is possible to predict the
oubtput signal {Vowe} from the strain gauge bridge, knowing
that strain magnitudes of between 0,07 ye and 0,1 pyg  can be
expected.

Recalling Eguabion {3},

=154
G = &p

and from Equation (10},

- B o, SR
Y 3 %5

oui

Substituting, Vot = % tGxe . {12}

Semiconductor strain gauges have a maximum current rating
of 20 wmaA. Therefore, for a specified gauge resistance of
116 @ and a bridge excitation voltage (E) of 3 wvolbs, the
resultant current through each strain gauvge will be 13 ma,

wall within the rated value.

Thus, for an airfoil probe wutilising conventional strain
gauges with a gauge factor (G} of 2.1, results in a bridge
oubkput voltage of:

B ow 008 - 0.5 gV
. f43
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and, for a probe using semiconductor strain gauges, with a
gauge factor of 120, the resultant output voltage is:

Es ] - 10 uv

It may be concluded that in order to amplify the output
signal to 1 Volt, a signal comparable to the full scale
input voltage of the data logger, the processor regquires an
amplification of about 126 - 146 dB for the oage of a
probe using conventional strain gauges, and about 100 - 120
dB for the semiconductor probe.

6.2 BANDWIDTH REQUIREMENTS OF THE AMPLIFIER

6.21 The High Fregquency Band Limit

It has Dbeen established in Chapter 5.17 that the spatial
resolution of the airfoil probe is limited to 4 times the
probe diameter, corresponding to a resclution of 32 mm for
the strain gauge probe being developed. This requires an
amplifier with a flat response to a frequency of 32 Hz, if
the vehicle housing the probe is to be deploved atb a fall
speed of 1 ms". However, to allow for variations in fall
speed, and the possible construction of smaller probes with
significantly higher spatial resolution, the processor will
be designed with a frequency response £lat to 100 Hz. A
cut-off frequency higher than this would require a
correspondingly higher sampling frequecy, resulting in
inefficient use of the memory of the data logger.

6.22 Determination of the Low Frequency Cut-off Point

In Chapter 5.23 it was established that the easiest method
of balancing the strain gauge bridge was to limit the low
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frequency response of the probe, motivated by the fact that
the low frequency behaviour of the probe deviates from the

predictable airfoil theory.

A suitable cut-off freguency must be determined which will

restrict electronic and thermal drift without damping the
signal which contains low freguency information useful in
the analysis of the turbulence spectrum. If, for example,
the low frequency response of the probe is limited to 1
Hz, the corresponding low frequency resolution of the
vehicle/airfoil probe combination is 1 cpm. Resolving
longer wavelengths would reguire a vehicle longer than the

1 meter long vehicle availlable, due to the tilt effects
mentioned in 5.23 ({a}. aAlso, variations on wavelength
scales of larger than 1 meter may be classified within
the ocean fine structure, as described in Chapter 2, and
becone less important when analysing the turbulent
microstructure.

6.3 DESIGN OF THE PRE-AMPLIFIER STAGE

6.31 Determination of a Suitable Amplifier Confiquration

TE has been suggested {(Horowitz and HiIll} that the best
method of achieving the high ¢

required in the case of a
strain gauge bridge amplifier, is to use the classical
instrumentation amplifier, as shown in FIG. 6.1.

The prototype probe constructed by I.C.Main (1987} util;zed
this configuration, but due to the high gain demand of the
system, the amplifier was found o have a poor noise
performance.

Subsequently, the performance of an instrumentation
amplifier using micropower OP220 and OP20, shown in FIG.
6.2, has been compared with the performance of a relatively
new {1987) precision operational amplifier, the LM607C
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(pData Sheet - Appendix 2), configqured as differential
amplifier, as shown in FIG. 6.3.

FIG. 6.1 Classical Instrumentation Amplifier.
{From Horowitz and Hill " The Art of Electronics ")

12V
. 13k ™
ﬂ P ‘WA MA
470k
v
op
128K o L OUTPUT
"y
478K
1Bk ™
AN ATA%
—_— sy

FIG. 6.2 Instrumentation Amplifier

using Micropower Components.
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FIG. 6.3 LM607 Op-Amp Confiqured as a Differential Amp.

Both circuits were constructed using identical gain
characteristics (60 dB), bandlimited by a first order low
pass filter with fsam = 267 Hz. The differential inputs
were tied together, and the outputs compared as follows:

Output Noise (Vims)

Iinstrumentation Amp. 8.5 mv

Ditterential Amp. 3.6 mv

This demonstrates that the LM607 offers an advantage of
more than 3 dB in Noise Power. The specified input offset
voltage drift of both systems is of the same order of
magnitude (1 yV <=C-7). Thus, the LM607 is the more
attractive preamplifier alternative

An alternative device worth considering is the LM163
Precision Instrumentation amplifier which offers the
classical instrumentation amplifier arrangement as a single
integrated circuit. The specifications of the LM163 are
compared with those of the LM607 in FIG. 6.4.
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CHARACTERISTIC UNITS LM 607 LY 163
Op-Amp Instr-Amp
Supply Range v 3- 18 5- 18
Gain var:able 10,100, 1000
CMRR-1typical dB 140 130%
CHRR-minimum daB 110 120
lnput Bias Current nA 10 5
Input Offset Current nA 0.5 i
Input Noise Voltage H¥p_p 0.2 0.4*%
(0.1-1CHZ)
Input Current Noise pAp_p 14 40
Slew Rate-typical V/US 0.7 | *
Input Offset Voltage uv/ec 0.2 0.2%*
Orift {QR®*
* For fixed gain: G=500, 1000
ol For fixed gain: G=500

kX% For programmable gain:

G=1000

FIG. 6.4 Comparison of LM163 Instrumentation and

IM607 Operational Amplifiers.

It can be

seen that the new generation of operational

amplifier (LM607 - 1987) has characteristics comparable to
those of the (LM163-1983) instrumentation
The LM 607 has a typical CMRR 10 4B higher than
that of the LM163, the advantage of continuously variable

gain, lower input current noise and a wider supply range.

more dated
amplifier,

These factors, along with it's smaller size (easing the

design for a preamplifier in the immediate vicinity of the
contribute to

strain gauge bridge) and lower price, all
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the Jjustification of the use of the LM607 as the
preamplifier stage of the turbulence transducer.

6.32 Theoretical Description of Pre-Amplifier Stage

6.321 Magnitude Response

The LM607C Pre-amplifier circuit is shown in Appendix 3
The circuit may be analysed as follows:

Zz
— Cs R
|
Z Z, =-- } VA
o 1 +
r—rererer—sretiae )
P { F - Rz
Zy Z: = ———AN—— s
z2 ' Y
) Cz
, (WRC)? + 1
L= T e (13)
R
2y = Z____. (14)
AR C? + L
For a differential amplifier,
the Magnitude Response . 22 (15)
1
wR,C,

JlwR,C? +1] [(wRCY? + 1]
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The circuit, with component values as depicted in
Appndx 3, is a band pass filter with a high frequency
cut-off point fiam = 132 Hz.

SIGNAL
m BANDWIDTH
: —

45
GAIN LOW PASS

(aB) FILTER
30

0.01 0.1 1 .10 100 1k 10k 100K

FREQUENCY (Hz)

FIG. 6.5 Magnitude Plot of the Pre-Amplifier Response.

6.322 Phase Response

The phase response of the turbulence channel is
immaterial. This is because there is no correlation
between phases at different wavenumbers; therefore,
meaningful statistical quantities are not affected by a
variation of phase shift with frequency. (P.Bradshaw,
1971, p.145})

6.4 SIGNAL CONDITIONING AND STORAGE

6.41 Introduction

The low impedance signal from the pre-amplifier situated

/50
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immediately behind the airfoil probe in the nose of the
vehicle is fed via a screened cable to the conditioning

circuit board in the data logger.

The signal is differentiated, filtered, calibrated and
sanmpled as an 8 bit data stream before being stored in a
RAM memory module. This section discusses the

characteristics of each of the stages mentioned.

6.42 The Differentiator Stage

The output signal from the strain gauge bridge, and hence
the pre-amplifier, 48 8 measure of the instantaneous
cross~-force on the aluminium cantilever beam corresponding

to the instantaneous transverse component of velocity. In
order to interpret the signal as a velocity shear (shear
being the rate of change of instantanecus velocity), it
must be differentiated over the bandwidth of interest. The

circuit chosen (Appendix 4} has unity gain at 1 Hz, with a

gain of 6 dB/octave from DC to 200 Hz. The 1 nF capacitor
is included to roll off the gain above 1 kHz, reducing the

high fregquency noise asscociated with differentiators. The
magnitude plot of the differentiator response is shown in
FI1G. 6.6.

LOW PASS
DIFFERENTIATE FILTER
GAIN

(dB) 4

1 10 100 1k

FREQUENCY (HZ)

FIG. 6.6 Magnitude Plot of Differentiator.
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6.43 The Filter Stage

The output of the differentiator is fed into a 1low pass
anti-aliasing filter, which must be included before the
signal can be sampled. To achieve maximum efficiency from
the RAM module, the sampling frequency should be as low as

possible. Using a fourth order elliptic filter with 0.5 4B
ripple in the passband, the signal can be damped by 50 dB
between the cut-off frequency (100 Hz) and a specified
stop-band frequency of 250 H=z.

The procedure for designing the filter using an MF10
switched capacitor filter is given in Appendix 5, with the

resulting circuit illustrated in Appendices 6a and 6b.

The steep roll-off of the filter is necessary to prevent
aliasing caused by the sharp resonant peak expected near 1
kHz. The magnitude plot of the filter is shown in FIG.
6.7.

-15-

GAIN

(ap;

-4

-89

25 50 - 100 200

FREQUENCY (Hz)

FIG. 6.7 Magnitude Plot for 4%" Order Elliptic Filter.
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6.44 The Calibration Stage

This final gain stage, shown in Appendix 7, is included to
engsure that the full scale output from the turbulence
channel is compatible with the full scale range of the A/D
converter of the data logger. The various selectable gains
are determined when the probe is calibrated {Chapter 8) and
during field testing where the exact magnitude of the

velocity fluctuations encountersed by the probe become
avident.

A DC shift potentiometer is included in the circuit to bias

the input signal of the A/D to exactly the middle of the
digital range.

6.45 The Sampling Procedure

It was established in 6.43 that the turbulence channel has
a specified stop-band freguency of 230 Hz. The sampling
theorem then dictates a sampling freguency of:

Fw = zf@amap Tnangasd e {1?}
500 Hz

i

The data logger has been programmed to sample the
turbulence channel at 500 Hz, multiplexing the signal with

the two other channels, pressure and temperature, each
sampled at 2 Hz to ensure adequate data to determine
comprehensive profiles of the respective channels. {At this
stage, a temperature transducer has nob been included on

board the vehicle - this profile can be constructed from a
separate XDP trace}.

6.46 The Storage Module

The three channels are multigl&xaé and stored az an 8 bit
data stream in 512 k8 of static

1 of a data logger
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designed and programmed by the CSIR Division of Earth and
Marine Sciences at Stellenbosch {(Appendix 17). The sampling
and storage is controlied by a HMotorola MC146805
microprocessor, and two 2716 Eprom devices.

6.5 DESCRIPTION OF THE REQUIRED POWER SUPPLIES 7

The data logger is powered by a 6V lead-acid battery. The
turbulence channel conditioning circuitry requires a stable
10V supply. This is achieved by using the Maxim 630 5-15V
DC-DC convertor, as shown in Appendix B. This voltage is
then regulated at 10V, using a Ref 01 regulator with
current boost, as shown in Appendix 9. A 5V rail is
supplied, using the Ref 02 precision regulator, as shown in
Appendix 10.

It was established in Chapter §.1 that the strain gauge
bridge reqguires a regulated 3V supply. This driver should
be capablie of supplving 26 mh and a gta&le voltage is
essential to minimige spurious signals within the bridge.
The precision 3V strain gauge bridge driver is shown in
Appendix 11.

6.6 SHIELDING REQUIREMENTS

Due to the high gain requirements of the turbulence channel
bridge amplifier, correct shielding of the system is
critical. A  schematic of the shielding arrangements is
shown in FIG. 6.8.

Essential characteristics of this arrangement include:
alhavoidance of possible paths for current loops within
the shielding system, by ensuring that all ground
planes are connected to earth ab one poink only.
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b)Avoiding the use of the shield as the return path for
any electrical signal.

c)The use of shielded cable between transducers and the
processor.

d)Grounding the aluminium cantilever beam .

e)Using a double-sided printed circuit board having a

ground plane on the component side.

DIN
- Shielded Cables Plug
o et ialaly Brass casing acts
[———--— ’--| | . Pre—amp as shield
Pressure Sensor b i wi %/
H |——-————-—-——‘-""——"'—'—’—J L\
e === =~ — === = == = r-

| JEE
itl

i Turbulence Sensar

1

!

Processor with
ground plane

;";1

Battery

FIG. 6.8 Electronic System Shielding Schematic.

/55



wBho

CHAPTER 7

SIGHAL PROCESSING OF THE

TURBULENCE DATA

JTVﬁTI?ES OF STGNAL PROCESSTNG

Most of the theoretical work on turbulence {eg: P.Bradshaw,

1971} is concerned with the behavicur of wavenw

her spechtra
and with the transfer of turbulent energy from low
wavenumbers to high wavenumbers. Although the physics of
turbulent dissipation is beyond the scope of this thesis,
the wavenumber spectrum resulting from probe excitation im

crutial in evaluating the probe performance. This spectrum
gives an indication of the response of the system to
axcitation at various wavenumbers {laboratory turbulence
simulation}) and it is necessary in ascevytaining whethery
results are contaminated through natural vibration of the
probe and it's supporting wvehicle, or aliasing of the
gsanpled signal.

Therefore, the data generated by the turbulence probe
should bhe bransformed into a power spectrunm displaying the
spectral density, o¢{w) as a function of radian frequency,
w .A second simple transformation, discussed in Chapter
8.5, may be used to transfer the frequency spectrum to a
with (k) as a function of the

wavenumber specl:

wavenunber, k. This power spectrum, in conjunction with a
time dependant shear trace (FIG. 2.1}, may be used by
oceanographers Lo analvse energy dissipation as a resullt of
microstructure burbulence,

7.2 POVWER SPECT

ESTIMATION
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7.21 Classification of the Turbulence Signal

In order to find the optimum spectral estimation algorithm,
Geckinli and Yavus {1983) suggest that a physical signal
may be classified as one of the following:

a) A Finite Energy Signal.

b} A Periodic or Periodic-like Signal.

¢} A Stationary Random Process.

d} A Non-Stationary Random Process.

A full description of each c¢ategory is given by Geckinli
and Yavus in their book entitled "Discrete Fourier
Transform and it's Application to Power Spectra
Estimation”. The shear trace defined by the airfoil probe
is a long duration physical signal with time varyving
features. Analagous to a speech signal, the shear trace
cannot be assumed to be Finite energy in nature, Periodic,
or the outcome of a Stationary process; it therefore fits
into the fourth category.

The signal, x({t) therefore has an average autocorrelation
function:

3 :

Rue(73 = Umg e 35 [, Exttemdxia)y ot ... (18)
where 28 is the record length, 7 is the correlation lag and
B{ } denotes the ensemble average. The average power
spectrum S..(f) is then given as:

= =f2nmir

Sarlf) = [__ Rglrle dr. ... (19)
ie: S.w(£f} is the Fourier transform of Ra.(7}).
If it is assumed that the time-averaged autocorrelation of

the process is equal to the time-averaged autocorrelation

of any of it's ocutcomes, then Equation 18 becomes:

B
Ry (7] = lithy.,e -gg-g% Kol ) db eeee- (20)
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In practice, 2B is finite, covering all time varying
features, and Rao{7} wmay be calculated for finite lag
values truncated to the interval Ir1 £ 7, . For stability of
the specktral estimate, Ty << B,

7.22 Direct Spectral Estimation Using the Welch Hethod

T.221 welch's Algorithm

The Welch method of power spectral estimation is well
described by C.H.Chen (1982). A brief summary of the
algorithm follows:

~ Pl
The spectral components, Sfwl  ,of an N point dabta
sequence, windowed by a windowing function W.. may be

estimated using:

- 2
Si@) m & S | ke W @R Ll {21}
i
This algorithm gives spectral egtimates at
frequencies:
. - N
f o VAT (e 0, 1, g25ﬁ39‘w32} nnnnn {223

If N is selected to be 2048 (suitable for a 10624 point
Fast Fourier Transform) and a sampling frequency of 300
Hz is used {(FBguation 17}, then the resulitant spectral

reselution is §.244 Hz,

T.222 Selection of a Suitable Dats Window

C.H.Chen (1882) demonstrates the smearing effect of a
variety of simple data windows on an input signal
comprised of £ sinusoids and random noise. He then

shows that for a poor SHNR , the Hamning window is the

most effective window fLor preserving the sinuscidal
peaks.
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During probe calibration, the probe is stimulated by a

sinusoidal forcing function, and preservation of the
resultant spectral peak is important. Thus, a Hanning
window is well Justified. Furthermore, the spectrum
shown in FIG. 5.8 (R.G Lueck and T.H.Odborn, 1981} has

been derived using a Hanning window. If that specbrum
is to be used as a comparison with resultant spectra
from the strain gauge probe, both estimates should be
derived through the same procedure

For a record length NT, the Hanning window is defined

a5

%{1 - cms%%§3 it <« %?
Wy = 0. {23)
NT

T.223 The Use of a Spectral Window

If the direct method of power spectral estimation is
used, the aubocorrelation is estimated over  an
interval 7l § T, where T is the length of the process.
The resultant gspectrum has a variance inversely
proportional to T.

This variance ocould bhe reduced by circularily
convoluting the spectral estimate {resulting Irom
Equation 21} with a spectral window. However, if the
average of many spectral estimates is to be taken, as
ig the case with a shear trace, there ig no need for a

spectral window (N.C.Geckinli and D.Yavus, 1983) as the

process of averaging reduces the variance.,
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7.3 PROCESSING THE TURBULENCE DATA IN THE TIME DOMAIN

The oubtput signal from the turbulence channel is directly
proporbtional to the bturbulent velocity shear. Thevelove,
this data way be presented directly, once the coefficient

relating the system oubput voltage to the velocity shear is
known.

/60



~60-

CHAPTER 8

CALIBRATION OF THE STRAIN GAUGE AIRFOIL PROBE

8.1 OBJECTIVES OF THE CALIBRATION PROCEDURE

The calibration procedure is aimed at describing the system
output (eg), shown in FIG.8.1, in terms of a known,
controllable, driving shear (du/dt).

The effects of temperature and pressure fluctuations on the
probe sensitivity should be determined, along with an
investigation into the effect of angle of attack on the
calibration coefficient. The electronic noise generated by
the system must be described in terms of RMS shear, if the
system performance is to be compared effectively with the
performance of other airfoil probes. Finally, the theory
supporting the time dependant turbulence simulation in the
calibration situation should be modified so that it may be
applied to the spatial dependant shear (du/dz) encountered
in the field.

8.2 THEORETICAL RESPONSE OF THE AIRFOIL PROBE TO TRANSVERSE
VELQOCITIES

PROBE I DIFFERENTIATOR L~

FIG. 8.1 Definition of Coordinate System Relative to the
Probe Alignment.
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The probe may be described as an axis-symmetric airfoil of
revolution mounted so that the mean velocity (V) is aligned
with the axis of reveolution (FIG. 8.1).

Allen and Perkins describe the cross forge (fe) for a
slender, inlclined body of revolution in an inviscid flow

of speed (0) and angle of attack (& )}, which is assumed to
be smwall, as:

. b oo 012 dA
fy o= 5 p U i sin 20 vee. (24)

where p is the fluid density, and %3- is the rate of change
in  body cross-sectional area longitudinally along the
probe. {In this discussion, it is the cross force which is
perpendicular to the airfoil, not the lift forece which is
parpendicular o the mean velociby vector, that is being
analysed. Sdiddon et al (1965} give a derivation iovolving

the 1ift force).

Eguation {24) is correct o the second power in o in an
inviscid flow. The total cross force exerted on the probe
{Fe)] is derived by (Osborn et al {1980} by integrating (24)
along the length of the probe from it's tip, where A=0, to
it's base, where dA/dx=0:

Fp= fJoax L (25)
= éﬁgg sin Do R {26}

Using the double angle relation for sin 2o :
Foo=pAVu e {27}

There is & second cross force, Fo, due to viscous effects,

which is proporticnal to the sguare of the cross-streanm
velocity:
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F, = B+ 40 siniey sin @ L., (28)

where B is a constant of proportionality.

Thus, the output is only linear in the coross-stream
velocity for small angles of attack (ie: small o )}, where
the cross force due to the pressure dominates, and Fo may
be neglected.

The £f£inal step in the theoretical derivation o©f the
transfer function of the airfoil probe is obtaining the
relationship between the cross force (Fe) and the resultant
oubtput signal from the processcr. This procedure was
described in Chapter 6.7.

8.3 DEVELOPMENT OF A CALIBRATION PROCEDURE

8.31 Bimulating a Velocity Shear

As described in Chapter 6.42, the airfoil probe measurss
the magnitude of velocity shear le: the rate of change of
cross  force (Fe) on  the beam. Therefore, 1t cannot be
calibrated by being deploved in a constant flow (analagous
to DC excitation}. The £flow needs to be modulated
Sinuséiﬂally to generate a time-dependant cross force Lo
stimulate the sensor. Three methods that have been used to
do this are described below.

8.32 Review of Technigues Previocusly Used to Calibrate the
Alrfoil Probe.

£.3217 The Rotating Nozzle Technigue

T.E.8iddon {19771} used a rotating nozzle, as depicted
in FIG. 8.2.
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Morzle Rotates

FIG., 8.2 Rotating Nozzle Calibrator.
{T.E.Siddon, 1871}

The probe is positioned in an airflow which is forced
to  swirl, due to the idnclination of the nozzle
passageway. Hence the probe experiences a sinuscidsally
f£luctuating coross f£low. The relationship betwesen the
cross component of flow [V(t)}]l, the mean flow (T), and

the angle of inclination (8), is given as:
vl o9, staCzmiy ..., (29)

and the probe sensitivity {S¢) is determined £rom:

S ™ “Erms [rav per mm waler]  ..... {30}

a9
where e,.. 18 bthe REME outpub voltage, and ¢ iz a
meagure of the dynamic pressure of the del:

e d
q = %-p v {31}

It should be noted, however, that Siddon's probe was
used to measure ailrflow turbulence, allowing for a
nezzle which could be rotated in an air lubricated
bearing.
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T.R.Osborn (1974) describes a similar apparatus used to
modulate a water Jjet. However, a high mean flow of
between 100 and 145 c¢m s-' was required because the
instrument did not operate at lower water velocities.
This is probably due to the numerous problems
associated with designing a rotating water nozzle which
has a self-sealing mechanism.

8.322 The Rotating Probe Technigue

% WIRES

ZEARING

20em

| __RESERVOIR

| e REDUCER

HONEYCOMB

/

'‘WATER IN

PACKING
MATERIAL

FI1IG. 8.3 Rotating Probe Calibrator.
(T.R.OCsborn and W.R.Crawford, 1980)
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The calibration apparatus used at the University of
British Colombia (described by T.R.Osborn et al, 1980)
comprises a jet which discharges vertically into a tank
of water, with the tip of the probe mounted above the
outlet at an angle, as shown in FIG. 8.3.

The probe is rotated about it's axis, generating a
sinusoidal voltage. Slip vings are used to bring the
supply voltage to the preamplifier, and Lo transmibt the
output signal to an RMS meter.

This method has been implemented muccessfully, and is
described in detail by Osborn et al.

8.323 The Cgcillabing Probe Technigue

N.85.0akey (1977} describes a calibration procedure
which avoids the use of rotating parts, The probe is
ggscillated through a2 small angle {1° - 5%} in the mean
flow at various frequencies (0.7 - 10 Hz} by a
mechanical driver. A4 theoretical descripiion of the
procedure is given by Oakey {(1877).

8.33 Feasibility of Previocusly Used Calibrabtion Technigues

B.331 The Rotating Nozzle

An investigation into the availability of @
self-sealing nozzle led to the conclusion that most
daevices use the dynamic pressure to seal the bearing.
This restricts the range of mean velocities through the
nozzle, as described by Osborn {(1974). It became
evident that the nozzle and seals would need to be
designed and wmachined, resulting in a costly and time
consuming procedure.
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8.332 The Rotating Probe

This technique was used by G.S.Anderson (1986) in an
undergraduate project at the University of Cape Town.
It was found that the noise generated by the slip-ring

contacts and  the driving motor seriocusly contaminated
the output signal, introducing unacceptable uncertainbty
into the calibration coefficient.

It is expected that, due to the high gain requirement
of the strain gauge preamplifier {(relabtive to that of
the piezoceramic probe), and the requirement of a
stable, noise free supply for the strain gauge bridge,

that the noise contamination of a system using slip

rings will be at an unacceptable level.

8.333 The Oscillating Prohe

This appears to be the simplest of the technigues that
have besen described, It is unrestricted in the usable
range of water velocities and modulating frequencies,
Although no details of the system are given by Oakey
(1977}, the concept of a mechanical driver appears to

he simple.

8.34 Construction of the Calibration Rig

The feasibility study described in Chapter 8.33 above,
motivated the design of an economical and effective
oscillating calibration system, as opposed to the rotating
systems wmentioned. &n  investigation into alternabive
designs revealed that it would be easier o design a
mechanical driver that oscillates the water flow over a
stationary probe than the Qakey system of oscillating the
probe in a laminar £flow.

The system comprises a nozzle which oscillates aboubt it's
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ocoutlet, the probe remaining fixed in the flow. The nozzle
is fitted with a honeycomb insert to ensure laminar flow at
it's outlet. Flow rate is controlled by a valve upstream of
the nozzle, alleowing control of the mean velocity over a
range 0.4 - 2 ms~'. The nozzle is driven, wvia a crank and
levers , by a variable speed motor, continucusly variable
over a range 0 - 10 cycles/second. A schematic of the
system is given in FIG. 8.4.

1
. . Variable
g?gaﬁ. Flexible Joint [ l Speed ———
o Maotor
Collar
\ |

4 . IS —r y ?
{oneycomb Aluminium Tube ! \\

Bearin

\ { Connhecting Rod

\\\\\\Nozz1e

AN

\q

N
%_

NSO NN

[\x‘\\\}:j
X

g-_—_j%
K\\\&

o

Stationary
Probe

FRONT VIEW SIDE VIEW

FIG. 8.4 Schematic of Calibration System.
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8.35 Minimisation of Background Noise

in the Calibraticon Rig

Early experimentation with flow over the probe revealed
that turbulence in the drainage system and dripping onto
the probe supports caused unacceptably high levels of
backgroung noise, especially in the frequency region 20 -
200 Hz, as shown by the spectrum in FIG. 8.5.

Power Spectrum
0 1
- —1-
™ -2 B
» :'.;].] i
¥ -3 1 Ab LT
L3 f_‘ .‘\/“ ‘f.rs.' 44 T'
2 4. A
- \\J
-5 4
! T T
1 10 100
Frequency [Hz)

FIG. 8.5 Power Spectrum Showing Background Noise

Caused by Turbulent Drainage.

The drainage system below the calibration rig was modified
to ensure vibration-free flow. The final system, arrived at
through a process of trial and error, 1is shown in
FIG. 8.6. The Power Spectrum in FIG.8.7 shows the improved

backgroung noise levels in comparison with FIG. 8.5.
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FIG. 8.6 Cross Section through Drainage System of

Calibration Rig.
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FIG. 8.7 Power Spectrum Showing Background Noise

due to Laminar Drainage.

8.4 PROBE CALIBRATION

8.41 Determination of a Calibration Cocefficient

8.411 Derivarion of the Calibration Coefficient

Using the coordinate system defined in FIG.8.1, the
calibration coefficient, S, may be derived for the

airfoil probe.

The transfer function of the airfoil probe has been
described by Equation 27 in Chapter 8.2. The transverse
force due to potential flow (Fe), is described in terms
of the fluid density (p ), the X-sectional area of the

probe (A), and the axial and transverse components of

velcocity, V and u.
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E% = ol (323
If a is small, then us{Ja and vl

If o is now varied sinusoidally such that:

,,,,, 3
¢ = o, sinfwil (33)
a time dependant shear, du/dt, is generated:
ae. L i {34)
-2 . du
at T PAVE
Substituting Equation 33 into Equation 32:
aaaaa {353

?} = pAliTw,, sinlwi)

Due to the differential transfer function of the

electronic svstem:

dF
g, ™~ “&?’5; aaaaa {36)
e, = Slpallfa ] w coslwt] ----. (37)
Y (38)

dat
Using Equation 37:
P T SR {39)
2
2p8V ", @

with e.., dencting peak to peak output veltage.

B.472 Band-limiting of Shear Simulation Daba

Preliminary ¢trials using the calibration rig showed
that the sinusoidal shear measured by the airfeil had a
poor SNR , resulbting from background noise., Baecause
the maximum excitabtion f£reguency of the calibration rig
is 10 cyeles per second , it was decided to design a
range of
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Finite Impulse Response (FIR) low pass filters
(software driven) with cut-off frequencies between 5 Hz
and 50 Hz to rveduce the variance of the calibration
curve., The filters designed are 27 point FIR low pass
filters, the design of which is discussed fully by
N.B.Jones {1%982}. The input and oubtput signals of 1
second of data into and out of a 10 Hz low pass filter

are given for 2 probe excitation frequencies in
Appendix 18. The data presented demonstrates the
decreagse in  SHR asz sxcitation freguency is decreasged.
{(Note: the Yeaxis scaling in these plots is arbitrary,

as the calibration coefficient has not vyvet been

determined}.

8.413 Determining the Calibration Ceoefficient

Using BEguation 39, the calibration coefficient (5) may
be determined by plotting the system oubput {(Bope) abt
various excitation freguenciles ( w )}, for constant
values of o, and V.

The probe was excited at 6 frequencies with  water
flowing at 0.72 mg~" at the nozzle orifice. The angular
excursion of the nozzle was limited to By = 3%, The
resultant shear data was filtered by a low pass filter

with fia=m = 25 Hz., The system output was determined by

calculating the RMS output over a 12 second period.

The results of the calibration process are shown in
FIG. 8.8, from which it will be seen that for
excitation frequencies below 3.4 Hz, the background
noise level dominates,

The ecalibration ceoefficient has been c¢alcoulated by
discarding Point A (in FIG.8.8), the system gubput for
excitation at 2.4 Hz, and calculating the slope of the
curve passing through the 35 remaining points using a
Linear regression., The resuliant best-fit line is shown
in FI1G. 8.9,
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DEPENDANT VARIABLE :

CALCULATION OF CALIBRATION COEFFICIENT
BACKGROUND NOISE LEVEL

Ses Footnote.

— - S o
/
~
e ttnn e — -_--.‘).‘L T Sy —— -
AN Noise Level
1 1 i 3 { {
0 10 20 30 40 50 60 70

FRECUENCY [rad/sac)

_Cop_
2pAVa,

FIG. 8.8 Calibration Curve Showing Noise Level.

From FIG. 8.9, the calibration coefficient is
determined by the slope of the curve. The constants

p and A are 1000 kg m~= and 5.03 x 10-% m? respectively

The resultant slope, S = 0.80 Vs2kg-'m~?, has a
correlation coefficient of 0.996. The curve, with 4
degrees of freedom, has a confidence limit of over
99.9%
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CALCULATION OF CALIBRATION COEFFICIENT
SLOPE DETERMINATION
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FIG. 8.9 Calibration Curve Deduced by Linear Regression.

8.414 Potential Errors and Uncertainty in the

Calibration Procedure

Spectra resulting from the calibration process
described in Chapter 8.413 displayed a pronounced
sequence of odd harmonics. The spectra for calibration
at 2.4 Hz and 9.8 Hz are shown in Appendix 19. These
harmonics may be explained by the vibrational
characteristics of the calibration rig. The transverse

driving sinusoidal shear is biased by an additive
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transverse vector caused by the vibration of the rig
being transwitted through the water. However, [ref,
Appendix 19, Spectrum B}] the power in the 32 harmonic
is 13.2 4B down on the fundamental, causing an erxror of
less than 5%,

These harmonics wmay be reduced by increasing the
angle, 5, , noting that o nust remain small for the
probe transfer function {Eguation 27} and the theory
supporting the calibration procedure (Chapter 8.411) to
rvemain valid., By increasing «, from 39 {as used during
calibration} to 7°, the ratioc of the fundamenktal tgo 3=
harmonic¢ is increased to approximately 26.5 dB, an
error of less than 0.3%, as shown in the relevant
spectrum in Appendix 19 (Spectrum C).

8.42 Determination of a Coefficient of Thermal Sensitivity

8§.4217 Static Response of the Probe

The seniconductor strain gauges used have a specified
coefficient of thermal sensibivity of - 0,17 % °¢~7

Due to changes in the density and elasticity properties
of the beam/airfoil combination resulting from
temperature changes, enmpirical verification of this

coefficient was required.

The prcohe was oalibrated at 3 temperatures within a
range expected in the field. The other parameters of
mean f£low velocity and f£requency were kept constant.
The resultant RMS response at each temperature is
pregsented as a velocity shear in FIG. 8.10 which
depicts the best-£it straight line for the 3 points.

The slope of the c¢urve 1is - 2.96 % °C-° {100%

gsensibivity is assumed at 14.0 2C, the temperabure at
which the probe was originally calibrated).
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The correlation ccefficient is - 0.99999 and, although

there 1is only a single degree of freedom, the
confidence limit is over 99.9 %,

STATIC THERMAL SENSITIVITY

o RMS RESPONSE {sec 1]

0.25

0.2

0.16 : e e e

O. 1 e — e rr— ek = s = m ity —— [EDV—

0.06 N -

O | | 1 [l | i I H ] i i 3 l 1 d 1 1 ] L
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
TEMPERATURE [°Q)

PROBE RESPONSE CVER 80 SECOND PERIOD

FIG. 8.10 Determination of Thermal Sensitivity.

8.422 Dynamic Response of the Probe

During the static tests described in Chapter 8.421, the
prcbe was given time to reach thermal stability before

the velocity shear at each temperature was measured.
The resultant coefficient is inappropriate for field
conditions where the probe is confronted with a
continuous gradient, the steady state conditions in
Chapter 8.421 never, being achieved.
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To simulate field conditions, the water temperature at the

inlet of the calibration system was increased gradually
from 14.0 °C to 23 °C over a period of 120 seconds. (Note:

it was too difficult to replicate the negative temperature

gradient which prevails in practice in the field). The
curves of temperature vs time, and the resultant response
vs time are given in Appendix 20. The probe response at
various temperatures,neglecting thermal lag, has been
Plotted for variocus temperatures in FIG. 8.11.

DYNAMIC THERMAL SENSITIVITY
SIMULATED THERMOCLINE

NORMALIZED RESPONSE
1

O 8 it et o ettt o = ettt ot o= e i wretre = vt = = e erbomnsen e ® e eeepags

06 S UV SOV Uy S PO ) Yk e o Sl o bR s AP P

0.4 : - —

0.2 - R N\ S e e e

10 14 18 20
TEMPERATURE [°C)

Series 1

PROBE RESPONSE VS TEMPERATURE

FIG. 8.11 Dynamic Thermal Response.

Using a linear regression, the probe response may be
correlated against temperature. The correlation
coefficient is - 0.96 and the confidence limit is
99.9 % for the 10 degrees of freedom used.
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The resultant coefficient of dynamic thermal
sensitivity given by the slope o©of FIG. 8.11 is
- 1.36 % ©°C-", compared to the static value of
- 2.96 % °C-7 derived in Chapter 8.421. The dynamic
coefficient i1is the more appropriate for evaluating
field results, having been derived from simulated field
conditions.

8.423 Thermal Impulse Response of the Probe

4 step change in the temperature of the probe (eg:
through deploying a warm instrument in cold water
without allowing time for a steady state to be reached)

may upset the thermal stability of the system if it is
not well lagged. To evaluate the thermal stability of
the system, an '"impulse" of hot water (40 °C+) was
introduced to the nozzle of the calibration rig without

disturbing the £flow velocity, after the probe had been
given time to reach a steady state condition at 14 °C.
The time response of the system was monitored. Graphs of
both temperature and probe response as functions of time

are given in Appendix 22.

The resultant response of the system depicts a low
freguency oscillation in the probe sensitivity with a
period of approximately 15 seconds. The temperature
step of » 30 °C is far more severe than would be
encountered in the f£ield, but the curve shows that the
thermal response 1is well damped. Any sSpurious shears
arising from oscillations in the sensitivity have a
frequency well below the 1 Hz cut-off frequency of the
bridge/preamplifier decoupling filter discussed in
Chapter 65.22.
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8.43 Effect of Probe Angle of Attack on Calibratieon
Coefficient

The derivation of the calibration coefficient (Chapter
2.411) required the assunption that the probe has z small
angle of attack into the mean flow. The effect of the angle
of attack on  the probe’'s sensitivity was determined
as per Chapter 8.413, except that the water wvelociby (V)
and the excitation frequency { o } were set at constant
values, and the probe response (€aopel was monitored for
different angles of attack (oyh).

Due to the mechanical design of the calibration rig, the
maximum angular excursion of the nozzle was limited from
+7% Lo -7°. The uncertainty in the measurement ¢of the
nozzle angle was 1/2°, arising from mechanical slack in the
system. Thus, the prcbe response was monitored for only
three angular settings of the nozzle. The resultant

calibration curve is shown in Appendix 27,

Diie  to the lack of data points, this procedure did not
constitute a rigorous calibration, but the resultant slope
of 0.76 Vs2kg~?*m~' compares favourably with the wvalue of
of 0.8 calcuiate& in Chapter 8.473. However, the curve,
with it's correlation coefficient of r = 0.8997, is linear
for angles of attack of up to 7°.

Thus, as long as the righting moment of the vehicle
prevents angular excursions greater than about 7°, the
"wviscosity effects discussed in Chapter 8.2 (Equation 28)
may be neglected.

8.44 BEffects of Hvdrostatic Pressure on Probe Sensibivity

Kyowa have not published any data on the effect of pressure
on the gensitivity of their semiconductor strain gaugss,
according to their local distributor, Peter Jones
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Electronics. It is likely that any sensitivity changes will
be as a result of temperature change due to pressure
gradient. The probe is to be subjected to a gentle
pressure gradient only {a 10 bar change over 100 seconds),
and pressure induced temperature changes may thus be
neglected.

8.45 Evaluation of Electronic Noise

The electronic noise generated by the processing
electronics presents itself as an apparent shear at the
output o©of the turbulence channel. This noise may be
measured by monitoring the system response in a
vibration-free 1laboratory environment, with no water
flowing over the probe.

The noise was measured for three available sensitivity
settings of the turbulence probe (x1, x4.7 and x10) and
band 1limited to 100 Hz. The results are tabulated in
FIG.8.12 in terms of both an RMS voltage and an apparent
time-varying RMS shear (du/dt), using Equation 38 with a
probe velocity V = 1 ms—'.

Sensitivity AMS Noise [mv] dusd¥ [ms™)

x 1 3.0 0.2
x 4.7 18.6 0.096
x 10 25.7 0.062

FIG. 8.12 Electronic Noise Levels at Different

Sensitivity Settings.

The noise is white, with a spectrum that is flat over the
band 1 - 100 Hz. The power spectrum shown in FIG. 8.13 has
been derived by monitoring 30 seconds of the system output,
using the x10 sensitivity setting.
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FIG. 8.13 Spectrum of Electronic Noise.

8.5 TRANSFORMATION OF CALIBRATICN THEQORY
TO SPATIAL DOMAIN

Laboratory simulation of turbulence differs from turbulence
encountered in the field , in that the time-varying
component of velocity [u(t)] in the simulated case becomes
a spatial variable [u{z/V)] in the field.

Consequently:

du

du
T de ..... (40)

Furthermore, the time-dependant frequency (w) may be
related to the wavenumber (k), using the relationship:
w = kV (41)

as described by P.Bradwhaw (1971).
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Equation 37 of Chapter 8.417 may be described in terms of

spatial variables and becomes:

ez} = sgszumk cos(kz}) .. (42)
2du
= SpAVE L (43)

In practical terms, (V) is the terminal velccity of the
probe/vehicle system as it penetrates Lhe water column,

denoted as {(z) previously.
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CHAPTER 9

DESCRIPTION OF TROUT SYSTEM

9.1 INTRODUCTION

This chapter is aimed at introducing the reader to the
TROUT (Transducer for Research on Oceanographic Underwater
Turbulence) system which was developed to measure
turbulence and process data generated from deployments in
the field. Each component and it's interface with the
system is discussed briefly. An overview of the system is
presented as a block diagram in FIG. 9.1.

PROGRANM PROQRAM
Readall Datasort
Probe+Vehicle

e Personal
—¥AmpHRAM] M—d:}’['ﬁomputer !:J‘>
\‘Ofnical RS 2/32u
Link
POWER SPECTRUM {|™
DATA

E <—_

SHEAR TRACE : PROGRAM

TROUT

FIG. 9.1 Block Diagram of TROUT System.
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9.2 COHSTRUCTION OF THE I

{ITCAL SYSTEM

§.21 Description of the Vehicle

A longitudinal section through the vehicle is shown in
Appendix 24. It is constructed from a tubular PVC casing
having an inside diameter sufficient to accomodate the data
logger which is shown in Appendix 17. The vehicle has a
turned aluminivom nosepiece at the front and a tightly
fitted nylon collar at the rear. Four perspex fins are
sliotted into the nylon collar to improve the vehicle's
stability. The vehicle's rear end is closed with a COVer
which is sealed with a2 single 0-Ring, and secured with 8
serews fitting into the nvlon collar.

The vwvehicle iz suspended £from the surface vessel by a
slightly positively bouyant plastic cable bhaving a safe
operating load specification of over 80 kg. Success is
critically dependant on the free-falling vehicle having a
stable descent. Any vibration of the wvehicle will be
interpreted by the sensor a velocity shear, contaminating

the results. This stability is achieved by designing the
vehicle with a high aspect ratio and a strong righting
moment (achievable by mounting ballasting weights as close
to the vehicle's nose as possible. For the vehicle to fall

at T ms~", the ballasting weight should be about 2-3 kg, as

determined in the calculations in Appendix 25.

§.22 The Probe/vehicle Interface

The system regquires a probe that can be replaced in thé
field if it is damaged or if it fails. A screw-in prcbe is
unacceptable due to the resultant twisting/breakage of the
connecting leads to the preamplifier. The current design
allows for a slide-in fitting, with a cap which screws over
the probe, sealing onto O-Rings (shown in Appendix 26).
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The probe is plugged into the preamplifier via a DIN plug
fitted in the probe. The preamplifier is situated in the
vehicle immediately behind the wiring channel to the probe.

9.3 SENSITIVITY SETTINGS OF TURBULENCE CHANNEL

Calibration Fuit Scale
Switch Sensitivity Coefificient Shear [s-'] *
1 X 1 0.80 i8
2 X 4.7 3.78 3.9
2 x 10 B.O 1.8
4 Unused - -

* A vehicle terminal velocity of 1 ms—' is assumed.

FIG. 9.2 Table of Probe Sensitivity Settings.

The sensitivity of the turbulence channel may be changed by
the DIP switch on the output stage of the turbulence
channel (shown in Appendix 7). The full scale shear for
each sensitivity setting is given in FIG. 9.2 which also

shows the modified calibration coefficient.

9.4 DESCRIPTION OF THE PRESSURE CHANNEL

9.41 Description of the Pressure Sensor

The pressure sensor 1is. a Sensotek Model MA miniature
pressure transducer with temperature compensation (Appendix
12). The transducer is rated at 300 psi (200m of water),
and produces a full scale output of 30.108 mV for a 10v
supply.
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The calibration record is listed in Appendix 13.

9.42 Description of the Amplifier

The bridge ig driven by a similar powey source to the
strain gauge bridge of the turbulence channel. The circuit

diagram is shown in Appendix 14. The pre-amplifier 4z an
instrumentation amplifier wtilizing an OP220 input stage
{Input stages are matched, therefore thermal drift is low).

The ocutput stage iz a micropower OP20 {Appendix 15},
The output voltage is matched to the A/D convertor of the
data logger via a calibration stage which allows for

calibration and DC shift (Appendix 15}.

9.43 Calibration of the Pressure Transducer

As descyibed in Chapter 9.47 the pressure transducer ig
rated for 300 psi (200 m of seawater) and 10 V excitation.

To simplify the design of the woltage supply for the
pressure btransducer, it was decided to use the available 6

¥ battery supply, regulated at 5 V as opposed to using a
DC-DC convertor to generate a 10 V power supply from the 6

V battery. This has the disadvantage of halving the full
scale output voltage of the sensor. Furthermore, it was
envisaged that the TROUT system would not be deployed to a

depth greater than 50 m of water (75 psi), and the
amplifier output was modified accordingly. Thus, the
amplifier required a gain of 400 to match the resultant
3.76 mv full scale oubpubt of the transducer to the 1.5 V
full scale input of the A/D convertor.

The pressure Lrangducer was calibrabted by singlabing a
system deployment to a depth of exactly 15 m of water in a
decompression chamber. The resultant depth vs time trace is
shown in Appendix 27, using a3 calibration coefficient of 48
dBar {equivalent to a full scale depth of 48 o of water).
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9.5 THE DATA LOGGING SYSTEM

9.51 Power-Up of the Data Logger

The initialization procedure reguired bto reset the data
logger and prepare it for field use prior to gsealing it in
the wvehicle is described in the data logger instruction
manval included as Appendix 28.

As described in Chapter 6.5, the data logger 1s powered by
a & volt lead-acid battery. ‘To  conserve power, the
processor lies in a "wait-state" until pulsed by a signal

via a magnetic reed switch fitted into the vehicle cover,

9.52 Triggering of the Turbulence Channel

OCnee  the data logger is activated, it switches on  the
electronics of the turbulence channel, which are activated
by a relay controlled by the processoxr. Thus, before
deployment, the electronics are allowed to reach thermal
stability. The data logger begins to monitor the pressure
ch
the data logger begins recording data from the three

el once a pre-determined pressure is reached (5 m),

channels.

89.53 Sampling Procedure

The three channels, temperature (inactive)}, pressure and
turbulence are sampled, multiplexed and stored in RAM, as
described in Chapter 5.45.

Sampling continues for 120 seconds, after which the data
logger reburns to ib's wait-stabe until re-triggered by the
reaed. The
successive deployments of the probe before it requires
milking. Each file is headed by the date and btime of

i has the capacity to store results from eight

deployment; the resultant file after each 120 seconds
deployment is 60 4880 bytes.
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9,54 PC/Data Logger Interface

The data logger may be milked by interfacing it with a
perseonal computer via an optical connection fitted into the
cover of the wvehicle. Thus, the data logger may be milked

without opening the vehicle casing. The optical signal
(1200 baud) is converted to a serial stream which is
retrieved wvia the RS232 port of the PC. Hilking is
controlled by a program READALL developed by the CSIR at
Stellenbosch; this stores the data as a hex file,

9.6 SOFTWARE PROCESSING

9.61

0D Downloading : Program READALL

IHPUT DATA: Data stored in RAM of data logger.
QUTPUT DATA: Multiplexed hexadecimal files.
DESCRIPTION:

The multiplexed files generated by R

ALl {one file for
sach probe deplovment) have a formab described in Appendix
29.

8.62 Data File Creabtion : Program DATASORT

INPUT DATA: -~ Multiplexed files generated by READALL.
OUTPUT DATA: - H T —

- TURBT -

- PRES? -

- TEME? - TEMPx

% Refers to the deployment number.

DREECRIPTION:

The files labelled HEAD contain the date and time of probe
[URE PRES and TEMP are the data

files from the turbulence, pressure and temperature

deployments. The files

channels, respecbtively.

DATASORT wag developed using Turbo Pascal V3.0 and is
listed in Appendix 30.
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9.63 Data Processing : Program TROUT

INPUT DATA: - All files generated by DATASORT.
= Full scale output of pressure transducer
{calibrated at 48 dBar for this project).
OUTPUT DATA:- Display of date and time of all current
deployments,

Header file with date and time information.,

¢

Pressure derived graph of depth vs time,.

t

Average fall speed of wvehicle over any
gspecified time interval.

DESCRIPTION:

This program {developed in Turbo Pascal) is menu-driven and
requires minimal user input. Relevant data from the header
file is listed ol e} all graphic displays {depth
¢haracteristics, shear traces and power spectra) for
identification purposes. The program is listed in Appendix
31. A1l the include files mentioned in the program listing
are from the Graphic Toolbox and Fumerical Methods Toolbox
of Turbo Pascal.

3.64 Shear Data Presentatbtion (Time Domain! : Program THA

INPUT DATA: -~ TURBT - TURBx {Turbulence data £iles).
— Header file generated by Program TROUT.
— Calibration Coefficient of probe.
(0.8 x Sensitivity Setting).
- Véhicle fall speed.
QUTPUT DATA: — Display shear trace in 1 seccond segments
{for calibration purposes).
-~ Display sheayr trace in 10 second segments
{for presentation of field resulis).
DESCRIPTION:
The program must be preceded by Program TROUT to generate
the header file. A range of Finite Impulse Response low

pass filters (5 Hz, 10 Hz, 25 Hz and 50 Hz) may be selected
before displayving the data.
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These are useful during probe calibration, as described in
Chapter 8.412. These filters do not affect the original
data files, bubt only the arrays that are plotted. A program
listing is given in Appendix 32.

9.65 Sheaxr Data Presentation {Power Spectzrum) : Program
SPECTRUM

INPOT DATA : ~ T - TURBx {Turbulence data files)
Header file generated by Program TROUT

t

Calibration Coefficient of probe.

Vehicle fall speed.

OUTPUT DATA :- Power spectrum of shear trace over 0-200 Hz
DESCRIPTION:

This program {listed in Appendix 33} uses the Fourier

Transform algorithms provided in Numerical Methods Toolbox,
in conjunction with the Welch method of Power Spectral
estimation {described din Chapter 7.22}). A theoretical
description of the process is given in Chaptexr 7. The

DEGCess is summarised briefly in FIG. 9.3,

Each segment consists of 2048 data points {corresponding to
about 4 seconds of data. Each segment may then be processed
gsaparately using the RADIX 4 FFT algorithm. The usex
selects the number of segments to be processed according to
the active deployment time of the vehicle. A number of
processing options avre available, including Log/Linear
selection for vertical scale, subtraction of interference,
saving the processed spectrum as a file, replotting a
previously processed spectrum and calcoulating the mean
square shear over a specified band.
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FIG. 9.3 Power Spectral Estimation Algorithm.

9.7 SHEAR DATA INTERPRETATION

Although the analysis of the turbulent shear data generated
by the airfoil probe is beyond the scope of this project,
it is important that the data can be interpreted in an
oceanographic sense, in order to evaluate the system and

effectively compare it's performance with previous systems.

The software algorithms discussed in Chapter 9.6 allow the
user to present the data as either a time wvarying shear
trace (with a choice of 1 second or 10 second time axis
display), or as a power spectrum similar to that shown in
Fig. 8.13. The user may use the program toc calculate the
RMS shear over a time interval (program TRACE)}, or to
calculate the mean square shear (357527; over any specified
frequency band (program SPECTRUM).
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The mean sguare shear may be used to calculate the
turbulent kinetic energy dissipation ¢ [Wkg—1] of a
turbulent field with a kinematic viscosity v [m2s-7]. If
the turbulent field is isotopic, then H.S5.0akey (1988)
gives the dissipation as:

g = 7.5 v {%§ f

This wvalue may be used to compare the effective noise
levels of TROUT with that of other systems.
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CHAPTER 10

PRESENTATION OF RESULTS OF FIELD TRIALS

10.1 PRELIMINARY FIELD TRIALS : ST. HELENA BAY

10.11 Introduction

Preliminary field tests were conducted at St.Helena Bay
during July, 1989, The tesis were conducted from a ski-boatb.
The gradual slope of the sea bed permitted a depth of only

20 metes being attained after some 45 minutes travel from
the harbour. A temperature profile revealed that typical
winter conditions prevailed. A very weak thermocline
existed (a change in temperature from 12.6 °C to 12.4 =C
over a depth of 12 metres)}. This suggests that the water
column was well mixed (due to the fresh winds which had
prevailed over the previous few days). The system was
deploved three times to depths of between 10 and 15
metres.

10.12 Deployment Results

The wvehicle had a reasonably constant £all speed of
0.8 ms~" over the depth range 0-8 m, before the drag of the
retrieval rope disturbed the £fall ({the boat was not
anchored and it's drift caused the the £all of the vehicle

to be interupted about 5 m sooner than anticipated).

The sensitivity of the turbulence probe was set at x4.7
{corresponding to a full scale response to a shear of
3.9 s-'). The resultant shear trace showed random noise
spikes which were removed manually from the data sequence
(these spikes could be a 7result of both the electronic
noise of the system and collisions of the probe with small

organisms in the water).
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The spectrum resulting from the first 8 seconds of system
deployment is shown in FIG. 10.1 below.
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FIG. 10.1 Turbulence Spectrum: St.Helena Bay.

10.13 Discussion

Due to the short length of the data sequence, which is a
consequence of the shallow water in which the system was
deployed, the spectrum in FIG. 10.1 has a high variance
(the spectrum is derived from only 2x2048 pt data segments,
each windowed, transformed and averaged as described in
Chapter 9.65). The absence of a pronounced boundary layer
makes interpretation of the spectrum difficult.
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It is not possible to separate the effective noise level
of the system from possible turbulent excitation, as the
shear trace (shown in Appendix 34) is not comprised of
active and quiet regions, as is the case when a strong
thermocline exists. A good example of such a trace is given

by T.R.Osborn and W.R.Crawford (1979) and is shown in
FIG. 10.2.

Temp [°C] %% [sec™) 1
|
o 5 20 2% 35 375 K
e ——— —_—
=0
150
B
1100 =
-
="
D
[om ]
!
- 200

FIG. 10.2 Shear Trace in Presence of Strong Thermocline.
(T.R.Osborn and W.R.Crawford, 1979.)

The above spectrum shows, however, that the system response
is flat over the frequency range 1-100 Hz, and any vehicle
vibration appears tc be well damped (a spectrum with a
lower variance resulting from a longer data sequence

would give a better indication of the hydrodynamic
stability of the vehicle).
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The mean square shear for the spectrum shown in FIG. 10.1
is 2x10-2 52 over the frequency range 0-25 Hz. {Applying
Equation 41 with a vehicle £all speed of 0.8 ms~* and a
band limit of 25 Hz, it can be seen that the energy of all
wavelengths down to a scale of 32 mm is being considered,
Corresponding to the 3 dB cut-off in spatial resclution of

the airfoil probe as discussed in Chapter 5.11)

The dissipation associated with a mean square shear of
2x10-*s-2 may be calculated using Equation 44. If a
kinematic viscosity of 1.3x10-®m*5-7 ig assumed (H.S.Oakevy,
1988}, then the resultant dissipation is 2x10-%Wkg—" .

It was intended that more field tests would be conducted in
deeper water in the same area with the turbulence probe
set at a higher sensitivity, but adverse weather conditions
necessitated their cancellation.

10.2 FIELD TRIALS : HOUT BAY

10.21 Introduction

Following the inconclusive results obtained during the 5t.

Helena Bay field trials (Chapter 10.12), it was decided to

conduct further trials in an attempt to get a better
evaluation of the system. Tests were conducted from a
ski-boat in 40 m of water in Hout Bay during September,
1988. The temperature profile [shown in Appendix 35(a}]
indicated a stratified sun-warmed surface layer with a
reasonably constant thermal gradient varying from 17 <C at

the surface, to 12 =C at 40 m.

10.22 Deployment Results

The system was deployed to a depth of between 25 and 30 m.
The resultant pressure characteristic [Appendix 35(b)]
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shows a constant vehicle fall speed of 0.9 ms—" between 5 m
{when the data logger was activated) and 26 m, where the
fall was stopped by the relrieval rope.

The sensitivity of the turbulence probe was set at =10
{corresponding to a full scale response of 1.8 7).

The spectrum resullting f£from the average of 5xd4 second
segments (5m -~ 25m} is shown in Appendix 35{c}. A section
of the accompanying shear brace is shown in Appendix 35{d4).
The spectrum is characterised by two distinet regions. The

first is below 20 Hz (corresponding to a wavenumber k of
22 cycles/metre), where the gentle "hump"” represents the
turbulent energy region. The second region, above 20 Hz, is
characterised by noise resulting Efrom high freguency
mechanical vibration generated as the water flows over the

probe, and as the vehicle drags the retrieval rope behind
it.

10.23 Dizcugssion

Az in  the case of the St.Helena Bay tests, there was no
strong theymocline {characterised by a constant thermal
gradient in the surface layer, followsed by &8 sharp
temperature differential, as shown in FIG. 10.2).
Therefore, turbulence dissipation levels were expected to

bhe low.

The mean square shear for the spectrum shown in Appendix
35{c} iz 7.5x10"*s"* over the Ffregquency range 0 -~ 25 Hz.
The associated turbulent dissipation, calculated in the
same way as in Chapter 10.13, is 7x10-2Wkg—?.

The noise shown  in Apppendix  35{c}) is at spatial
freguencies higher than those resolvable by the probe and,
therefore, does not significantly contaminate the turbulent

anergy region.
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The dissipation levels calculated from the Hout Bay trials

are 4.5 dB lower than those calculated for St.Helena Bay.

This phenomenon may be explained by recalling that there

was no thermal gradient in the water column in St.Helena

Bay, suggesting that high levels of background turbulence
(as opposed to turbulent strata - FIG.

10.2} were keeping
the entire water column well mixed.
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CHAPTER 11

EVALUATION OF BYSTEM PERFOR

11.1 SPATIAL RESOLUTION OF SYSTEM

11.17 The High Frequency Cubt-0ff Scale

The ability of the system to resolve short wavelengths is
limited by the diameter of the airfoil probe, as described

in Chapter 5.11. The designed diameter of the probe
for TROUT is 8 mm, limiting it's resolution to wavelengths

above 32 mm {assuming a fall speed of 1 mg—"). This was not
varified during c¢alibration because the generation of
wavelengths of this scale would require a calibration rig
capable of oscillating at frequencies of 1800-2400 rpm, a
mechanically difficult task to construct.

The spectrum in PFIG. 10.1 shows the system Ireguancy
response Lo be flat over the range 1-100 Hz; the spatial
resolution of the system could be increased by
constructing a probe of lesser diamelter, and using it in
conjunction with the TROUT system.

The 32 wmm cult-off peak of the strain gauge probe may be
compared with that of 18.8 mm for the piezoceramic airfoil

probe {expendable) used by R.G.Lueck and T.R.COsborn {19835},
and 24 mm for the piezoceranmic airfoil probe (tethered
vehicle}) used by HN.S5.0akey (1987).

11.12 The Low Frequency Cut-0ff Scale

The ability of the system to measure long wavelengths is
influenced by two factors.

/100



-100-

Firstly, as described in Chapter 6.22, the system is unable
to rescolve wavelengths longer than the vehicle. In the case
of @R@ﬁ?; this corresponds bto wavelengths > 1m. Secondly,
the high pass filter separating the strain gauge bridge
from the processor has a cubt-0ff fregquency of 1 Hz, also
effectively limiting the low fEreguency resolubtion to
wavelengths <« Tm {assuming a wvehicle £sll speed of 1
me—*)., Thus, if better low freguency resolution is
desired, a longer vehicle will be reguired, with a bridge
circuit having a different frequency characteristic. {It
should be noted that for freguencies below 1 Hz, the
thermal sensitivity of the electronics becomes critical,

which should be considered}).

The low freguency cub-off of 1m for the TROUT system is
comparable to  that o©f the piezoceramic prxobe used by
H.85.0akey (1877) angd better than the 3.05m of the
expendable piezoceramic probe used by Luweck et.al., (1985).
The low freguency usefulness of piezoceramic transducers is
inherently Llimited to about 1 Hz due to pyroelectric
effects {T.BR.Osbhom and W.R.Crawford, 1580}.

17.2 THERMAL SENSITIVITY OF THE STHRAIN GAUGE FPROBE

In Chapter §.42Z, the thernal sensitivity of the
semiconductor strain gauge probe was determined as
-1.36% =C~". This value should be compaved to a typical
thermal sensitivity of +1% =C' for a plezoceramic airfoil

probe {(T.R.Osborn and W.R.Crawford, 1980}, The only
significant difference between the two values is that there
is an increase in sensitivity as the styain gauge probe
penetrates a typical thermocline, whereas the pilezoceramic

probe has a comparative decrease in  sensitivibty under the

same conditions.
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11.3 SENSITIVITY LIMITATIONS DUE TO ELECTRONIC NOISE LEVELS

The power spectrum of the electronic noise level of TROUT
is given in FIG., 8.13, from which the eguivalent mean
square shear and asscociated dissipabtion may be calculated.

For an assumed vehicle f£fall speed of 0.8 nms* {(the actual
fall speed during the Hout Bay field trial}, the noise has

an equivalent EMS shear of 0.06 5-° (bandlimited to 100 Hz}
and 0.03 s ' (bandlimited to 25 Hz). The associabed
disgsipation levels of Ix10-% W= and Tx10-% Whg?

yespectively, are determined using Egquation 44.

The electronic noise levels of the piezoceramic probe used
by R.G.Lueck and T.R.0Osborn (1981} corresponds to an RMS
shear of 10-%s7 {bandlimited to 250 Hz), with an
associated dissipation level of 10-72 Wkg~*® Unfortunately,
from the selection of papers available on piezoceramic

probes, this was the only value guobed.

TT.4 SENSITIVITY LIMITATIONS DUE TO ME

CCHANT . MOISE LEVELS

The uwlbimate sensitivily of the system is determined by the
background noise generated as water f£lows over the
probe, the supporting vehicle and the supporting rope as it
is dragged through the water column. An accurate estimate
of the mechanical background noise level regquires a water
column having separate strata of turbulent activity and
inactivity. These requirements were not met during the
field tests of TROUT due to the winter weather conditions
which prevailed. The effective noise level may, however, be
estimated from the power spectrum of the Hoult Bay trials
[Bppendix 385{(ci].

The dissipation level over the frequency range 1-25 Hz i
given in Chapter 10.23 as 7xi0-® Wkg".
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This wvalue is significantly lower than the typical
dissipation level for a mixed laver of 10—¢
Wkg—* (N.S.0Oakey, 1988), and it may thus be assumed that
the system was deployed in relatively quiebt waters.

The effective noise level of approximabtely 10-% Wkg!
(Bandlimited to 100 Hz) should be compared with values of
4x10-"° Whg-' achieved by R.G.Lueck and T.R.Osborn {(1981),
and a value of 10-'° W/ kg for EPSONDE, bthe insbrum
by H.S5.Cakey {(1988}.

ent used

The resolution of the probe may be evaluated by assuming a
0 4B SNR and substituting the sstimated noise level of
10-®s-* into Equation 44. The resultant resolution is an
RMS shear level of 3.2x10-25—". This resolution is
comparable to the values gquoted for other systems din
Chapter 2.2.

11.5 PROBE RELIABILITY

The semiconductor strain gauge probe manufactured for the
TROUT system has proved to be extremely reliable. Only one
probe has  been constructed. It has survived a  variety of
calibration tests and field deployments. Previous research
using piezoceramic probes, both at the University of Cape
Town (G.S5.Anderson, 1986} and elsewhere (T.R.Osborn and
W.R.Crawford, 1980) has highlighted their fragility, many
probes having been broken despite their having been handled
with cauvtion.

11.6 COST OF THE SYSTEM

The component costs  incurred in  the construction of the

TROUT system have been approximately @
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4 x Semiconductor Strain Gauges R 450
10 = Conventional Strain Gauges R 100
Electronic Components R 250
Vehicle Comnstruction R 3 000

Data Logging System (including Software) R 10 000

Pressure Transducer R 2 060
Rope and Shackles R 150
Total R 15 950

Because the system is retrievable and the probe is rugged,

maintenance costs are minimal compaved with those of an

expendable turbulence probe (R.G.Lueck and T.R.Osborn,

1985},

the electronics of each expendable wvehicle costing

approximately $ 130.

11.7 CONCLUSIONS

Based on the above evaluation of the system, the following

conclusions mayv be drawn:

a}

b}

c)

The system has a spatial resoclution comparable to
that of other airfoil probes. Although the high
frequency response 1is limited to wavelsngths of 32
mm (versus about 20 mm), this may be improved if a

probe having a smaller diameter is constructed.

The probe has a thermal sensitivity of similar
magnitude but opposite sense to that of piezoceramic
probes. No significant consequence of the latter

aspect is apparant.

The electronic noise level of the strain gauge probe
is higher than of the piezoceramic probe {(about 50
dB}. This is due to the comparitively higher
amplification required for the strain gauge probe.
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However, the electronic noise level does not
determine the ultimate sensitiviity of the system.
The effective noise level (caused by background
mechanical noise) is 20 dB poorer for the strain
gauge probe bubt the noise level of the strain gauge

probe is 20 4B lower than dissipation levels

assoviated with a2 typical nized laver.

Bowever, in  the deep ocean, dissipabion levels may
be 10-7° Wkg—*, 20 dB lower than the present noise
level of the system.

IInder zuch conditions, the strain gauge probe will
not have adequate SHR to detect the turbulence.
{Under these conditions, the piezoceramic probe will
have 0 dB8 SNR). Thus, the use of the TROUT system is
limited to regions where there are moderate to high
levels of marine turbulence {mixed lavers with
strong thermoclines, flooding tidal channels, etc.},

having EMS shear levels of above 3.2x10%s5 %,

The semiconductor airfoil probe is more reliable
than the piezoceramic airfoil probe.
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CHAPTER 12

RECOMMENDATIONS

The following improvements are recommended in  any further
development of this system, based on the author's two vears
experience on this project, and on the conclusions in
Chapteril.7 :

a) The probe should be redesigned with a reduced
diameter to achieve an improved spatial resclution.
The current spatial resolution o©f the probe is
determined by the width of the Xyowa semiconductor
strain gauges {5 mm) used for this project. Other
manufacturers (eg: Entron, UK.) produce semiconductor
strain gauges which will permit a probe éiamgtﬁr of
about 4 mm {compared with the current probe diameter

of & mm)

b} 'the vehicle should be redesigned to incorporate a
stainless steel rather than a PVC casing, to increase
the depth capability from 50 m currently to at least
200 m. Such redesign should also increase the length
of the vehicle from it's current 1 m which is not
consistent with that of other tethered free-fall
vehicles (eq: the vehicle used by NH.S5.0zkey, 1988, is
4 m long); the resultant stronger righting moment
will improve vehicle stability and reduce the

affective noise level.,

¢} A temperature sensor should be incorporated into the
system to facilitate deployment procedures and improve
the accuracy of correlation between the measured
variables. The data logger has a channel available for

such & sensor,
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This would obviate the current need for a separate
temperature probe, which complicates procedures and
does not ensure measurement of the temperature in the
immediate vicinity of the probe.

The program SPECTRUM should be modified to permit
comparison of the spectra for turbulent regions within
a water column with those of quiet regions. This would
reguire the facility to select separate spectra
representing short intervals of the trace, instead of
a single rTesultant time averaged power specbrum

representing a complete deployment.
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Dow Corning® Q3-3321 RTV

High Strength Silicone Elastomer.

Mouldmaking Rubber.

'-‘Iﬁb“'"lzo".lmm@i

From:

PRODUCTS

29 AUCKLAND STREET
PAARDENEILAND
PHONE: 61-2161/2

OV . s s

b2 ol = e

e i { ey ¥ » e

==t Dow Corning Sillconss

Physicai form

Medium viscosity two part SIIICOI‘IE alastomer

Special properties

Very high tear strength, low modulus, high elongation

Applications

High strength flexible moulds also, .
potting and encapsulation of components,
fabrication of silicone rubber parts

Description

Dow Corning® Q3-3321 RTVisatwo
part, medium viscosity silicone rub-
ber. The base is white with a typical
viscosity of 45,000 mPa.s and the
clear calalyst has a viscosity of 100
mPa.s. .

The base to catalyst mixing ratio is
20:1 by weight and the catalysed
mixture cures at room temperature,
within 24 hours to a flexible silicone
elasiomer.

General Properties

® High tensile strength (6MPa}

® Very high tear strength (24kN/m)

® High Elongation (400 %)

® Working time of 1 hour with
catalysed mixture

® Material cures at room tempera-
ture within 24 hours even in thick
section
No exctherm during cure

& Cure not sensitive 1o inhibition

® Low shrinkage on cure {0.5 %)

& Excellent reproduction of line
detail

& Exceplional release characleris-
tics

Typical Properties

® Good heat stability

# Remains flexible down 1o -65°C

® Exceilent dielectric properties
over wide temperature range.

Applications

Dow Corning® Q3-3321 RTV is pri-
marily designed for mouldmaking
applications, where its viscosity and
flow characteristics allow an excel-
lant reproduction of fine detail. The
low modulus, high tear strength, high
elongation and excellenl release
characteristics permit easy de-
moulding and give a long mould life,
even when deep undercuts are
present.

Because of thase features it is often
possible to make a one part mould
where previousiy a two part mouid
had to be used. Mouids made from
Q3-3321 RTV can be used lo cast a
wide variety of materials, including :
polyesters, polyurethanes, epoxies,
plaster, wax and low melting point
metal alloys.

a) Materials as supplied

Colour
Viscosily mPas -
Mixing Ratio by werght

b) Catalysed Mixture

5.G.

Pot Life*

Waoarking time

Cure time

* defined 23 Lime Igr viscosiy [0 doubls

¢) Cured Matertal

Q3-3321 Base  Q3-3321 Catalyst
white clear
45,000 109

20 . 1

1.21

40 minules
1 hovur

24 hours

Tested according to ASTM alter 7 days at 25°*C

Tensile Sirength
Elongation at break
Tear Sirength, die B.
Modulus at 100 %
Hardness

Linaar Shrinkage

8 MPa

410 %

24 kNIm
0.7 MPa
22 Shore A
05%

Thesa properties are nol affected by heat aging for 24 hours at 150°C.

These values ara not Intended for use In preparing specllication, Please ¢contact
Dow Corning Europe priar to writing specifications,

Appiicaticns for these moulds inc-
lude :
= Decorative furniture panels, grills
and carvings
- Jeweillery, buttons and decorative
parts
Works of art, statues, candles
Prototype engineering paris and
models.

Although primarily designed for
mouldmaking, Dow Corming® Q3-
3321 RTV can ziso be used to en-
capsulate eleclrical or electronic
devices, where it provides excellent
environmenial protection from mois-
\ure, dirt, corona, weathering and
corrosive atmospheras. Other appii-
cations include gasketing, seaiing
and the fabrication of silicone rubber
parts.

How to Use

To ensure maximum reliability and
pertormance, the following informa-
tion should be read carefully.

Preparation

The ariginal from which the mould Is
to be made shouid be thoroughly
cleaned of dirt and all contaminants.
Where solvents are used for the
¢leaning, care should be taken to
ensure they are compatibie with the
original and sufficient time should be
allowed for them to fully evaporate. !t
required, the original and the holding
box should be coated with a release
agent. This is particularly important
wtlh porous substrates. Suitable rel-
ease agents are petroleum jelly or
soap solutions.

Mixing

The base and the catalyst shouid be
stirred prior to use. They should then
be thoroughly mixed together in a
ratio of 20 parts base: 1 part
catalys!, by weight.

Hand mixing or mechanical mixing
are satisfactory but care should be
laken to avoid entrapping too much
air or splashing the calalyst.

Mixing should be completed in 2-4
minutes and should not generale
excessive heat (35 °C maximum).

SILICONES & TECHNICA
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APPENDIX 2

T 387 Mt Seraconturon {00 (e micy

Nationza: ™, ’
Semics. Jclor
Corporation

PRELIMINARY

January 1987

LM607/L.M607A/LME07B Precision Operational Amplifier

General Description

Tha LM607 senas ol precision oparational amplibars are
mmrned at waler sor 10 extremely low valuas of asal voit-
age Advanced Circut design and lesung lachniques allow
guaranteed drit specrhcanons as low as 0 3 uV/°C with off.
sels a8 low as 25 pV

Cther nout parameters are sgqually imprassive Tha typeal
open loog voltage gan of 5 Midlon yiglds exiremely low or-
tof in hign-gain apphcations CMRA and PSAR are typically
140 08

Using Super-Beta wransisiors n the tiont end anables the
LMEQ7 10 ooerate at ugh wnput stage current while maintain.
ng low values of nput hias current (1 A typ } This gves the
part s inw Input voitage nose B 5 nV/HZ

Hinh pperaling curranis also help give the LMGOT s tigh
qam hardwidih product ol $8 MHz and slew rate of
A ue Doesple its higner speed, tha LMB0T draws less
suppiy currant than OF 07 types. only 1 mA at t 15V sup-
Uis

Features
w Low Vpog LMEOTA, 25 pV max
o Low cnft LMBOTA; 03 pV/"C max
| Dall {00% losted. A and B grades
® High gan L MBOTA" § mullion min
a High CMAR LMB07A; 124 9B min
a High PSRA LMEQ7A; 120 d8 mwn
% Low notse 65 av/iyHz @ 1 kHz
9 nv/{Hz @ 10 Hz
» High speed 1 8 MYz gain-bandwidth
0 7V/us slew rate
B Low supply current 1 mA
® Wide input common mode 13V
w Wida supply range +3V o 18Y
8 Overcompansation Allows dnving tgh Cy

Typical Performance Characteristics

Voitage Gain
15
LIv]
-
>
2 5
™
2
1 0
o
= [
5 -
3
=i .
15 L

-15 =10

QUTPUT YOLTAGE (v}
TUHATRY -1

Input MNoise Voltage

WPUT NOISE ¥OLTAGE (v /VHZ)

FREQUENCY (Hz)
TLIH/ATAT LD

ToHATaE

RAD AZOM FiPrragd mly 5 A

Jayyiduy jeuoniesadQ uolsi19aid a209N1/ V209N 1/L09W1
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+5V
TITLE DATE
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€ XION3dd4v

_SV-



nF

330K
VAVAVA
B.A'?}.;F
FROM | | > i
PRE-AMPLIFIER t f‘%\/ OUTPUT
+
—+5V
TITLE DATE
DIFFERENTIATOR SEPTEMBER 1988

¥ XION3ddv

-gV-



specifications: Amaw

“AT -

AFPPENDIX 5

4TH oRDER ELLIPTIC FILTER DESIGHN

= Q. B5dB
min ° 504l
foffpos 2.8
Ho = 4

From the Homograph 6. 0.3, ¢of the Hatlional Semiconductor Handbook,
it can be szeen that a fourth order filter 13 required.

Using section 6. 46:

foa = 0.6322 x 100Hz = 62.33Hz
fop = 1.0311 x 100Hz = 103, 11Hz
f74 = 2.6893 x 100Hz = 288. 93Hz
fzg ¢ 6.2975 x 100HzZ : ©629. T5Hz
Qg = 0.7164
Qp = 3.221%

Arrange in ascending order of &, L. e. stage B zecond

1iChoose Ryy = 20KO  (Convienient inputl ilmpedence;

2iUnity gain at D.C. requires Ry = Ry

3YBpa

L3Rxa

Rgp = -Hoppa ¥ Rgg
z 20RO

: Rygs % (foad/fc&) = 7. TTOKD

s Ga X RpaRygs = &, 931KRG

§)Choose Rpps = 20KD

6)Rya

TYRyn

818econd Stage cenire frequency: Rpp

ERRES:

: Rpa X (£pa2/£c2) = 144, 6KO

1]

-Hoipp X Rra = 20RO

: Ryp & (Efppe/fed)
r 25, 28KG

: Gp X RpRy = 66. 43KQ

10jCnoose Ryp = 20KO for adequate load impendence.

113 Rem

12} 8e

: Ryp % (£up2/fe2) = TOB. KO

= {-Rpp X Hoppl/(Hpps x Hypp) = 20KQ
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CLOCK
TITLE DATE
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REFERENCE +18vV

24k ' +
or20 329

TO BRIDGE

+
—r
:]ijieqPF

TITLE

STARAIN GAUGE BRIDGE SUPPLY
(TURBULLENCE CHANNEL.)

DATE
SEPTEMBER 1988

17T XION3ddY

-b1V-



-AlS5-
APPENDIX 12

Pressure Transducer Specification Sheet

Miniaturized High Accuracy

Gage/Absolute
Pressure Transducers
wodais MG and MA

Modeis MG (Gage) and MA (Absalute)
miniaturized, high accuracy pressure
transducers are designed for demanding
aerospace and industrial applications. These
models combine light weigﬁt and small size
with high accuracy and rugged construction.
Prassure ranges from 15 1o 10,000 psi are
measurad within +/-0.25% of full scala.
Models MG and MA measure 1.75% in length
by 1-1/8" or 1-1/4” in diarnsalar,

New

Small size
0.25% Accuracy

Model MA (absciute)
Order Code BP912

Model MG (Gage)
Order Code BP9113

PERFORMANCE Pressurerangss .. ... .. .. 25 to 500 psig 15 ta 10,000 psia
Accuracy {(min} .............. +/0 25% F.S, +/-0.25% F.S.
Non-Linearity (max} .......... +/0.15% F.S. +/-0.15% F S.
Hysteresis (max) .. ........... +/0.10% F.5. +/0.10% F.S.
Non-Repeatability (max}.... . +/0.05% F.S. +/0.05% F.S.
Output . .........ooviiien.n Imviv Imviv
Resclution. ................ Infinite Infinite
ENVIRONMENTAL Temperature, Operating. . . . 65° F 10 300° F 85° F 10 300* F

Temperature, Compensated . .. 60° F to 160° F 66° F to 1680° F
Temperature Effect

-Zero{max)............ . 0005% FS/°F 0 005% FSJ°F

~Span(max) ... .. .... . 0.005% Rdg./° F 0.005% Rog./* F

ELECTRICAL Stain Gage Type ......... . Bonded foil Bonded foil
Excitation (gahbration) .. . ... 10VDC 10vVDC
Bridge Resistance ........... 350 ohm 350 ohmn
Connector Winng . ........... #2 (See P. 143) #2 (See P. 143)
Eilectncal Termunation {std) .. .. PT1H-10-6P or aquiv. PT1H-10-6P or equiv.
Mating Connector (not Incl} PTO6A-10-6S or equiv. PTOBA-10-€S or equiv.
MECHANICAL Meda ..................... Gas, Liquid Gas, Uquid

Overicad-Safe ............... 50% Over Capacity 50% Over Capacity

Pressure Port 15- 500 psi. .. ..

1/4-18NPT Male

1/4-18NPT Male

750 - 1500 psi ... .. N.A. 1/4-18NPT Male

200G - 10,000 psi .. N.A. 1/4-18NPT Female
Wetted Parts Material 17-4 PH Stainipss 174 PH Stainless
Type (Gage, Abs.) ........... Gage Absolute
Case Material ............... . Stainless Stainless
Waight..................... 7 oz 7 oz,

DIMENSIONS Model MG (Order Code BP311) Model MA (Order Code BP912)

Available Ranges D* L Available Ranges [+ o R
25; 50; 75; 100; 150 psig 125 1.75 15 psia 1.25 175
200; 300; 500 psig 1.25 1.75 25; 50; 75, 100; 150; 200; 300 psia 1125 1.75

$00; 750; 1000; 1500; 2000; 3000 psia 1.125 1.75

5000; 7500, 10,000 psia 1.125 1.75
PRESSURE PORT
1/4-18 NPT PRESSURE PORT
W/ 214 HEX 1/4-18 NPT
L W/ 7/8 HEX

23108
L

o

$0
23108
L.l

=)

»°

L_i.i"S'-—-- ! 1.78° !

15 TO 1500 PSI 2000 TO 10000 PSI

OPTIONS  Temperature compensated 1b, ic, 1d, 1e, 11; Pressure ports Sa (= 1500 psi only), 5¢ (= 1500 psi only), 5d
{= 1500 psi only); Electrical termination 66, Precision internal shunt cal 8a (See P. 154)

PREMIUM OPTIONS  1g, 1i; 5¢ (22000 psi only); &j, 6i; 12a, 12b (See P. 154)
ACCESSORIES Mating connectors and connectoricable assemblies; Pressure port adaptars (See P. 138)
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SENSOTEC |

PRESSURE TRANSDUCER CALIBRATION RECORD

-

TYPE
MODEL NO._ M 5] 35518-08-0]
SERIAL NO. X790 7K Vi

CAPACITY O— 3230 FS/B
DATE /= - &R

Excitation Vvolts_ /O DC/AC RMS
Compensated Temperature Range _ 3 & F to Zé O op

% Capacity Qutput
0 0 Millivolts
Ascending 50 /3,9 Millivolts
' 100 230/ Millivolts
Descending 50 /S O YR, Millivolts
0 0 Millivolts

Connector Model C.EXS—/0 % FF

:RESISTANCE: COLOR CODE Non Standard{] Standard
~Input = %5-7 Z Ohms Red = + Input Input
.OQutput = 347/, 0 Ohms White = + Cutput + A&B
.leakage = _~// @hms Green = - Qutput - C&D
Black = - Input Qutput
—E

,ﬁ e NP T_Hatlng Connector Model pﬁ{/q /0 "'é

: Pressure Port Fitting

7
“shunt Resistor Value of 5_7/? ohms across

_c:.- ) - E —- /% {{é Millivolts Output

Accepted & Certifle% 2

Date // /(""
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SOLID STATE DATA-LOGCGER

deresseneddes

e e e %

The HRIO sclid-state data-logger is used as the heart of most
underwater and field instrumentation developed at HRID. It was
designed out of a need for an in situ, large capacity, low powered
data-logger and makes use of large CMOBS static RAM devices to store
data. The CMOS microcomputer which controls the data siorage and
retrieval can als¢e be programmed to perforxrm control tasks related to
any specific instrument. A copventiocnal FPC computer is uszed to
recover data from the solid-state memory-module

DaTA STORAGE MODUILE

Capacity * Can be any multiple of 32 k bytes, up to 6+ M bytes.
Trpically 8,5 M bytes to 2.2 M byta.

Modules * Each plug-in module can housse sixteen 32 k byts RAMs
giving a capacity of #¥,5 M byte/module,

Security ¥ On-board low-voltage detect circuit prevents false
writes to memory under tlow battery conditions.

Backup * A standby battery provides backup power to the
memory-module for in excess of 9 months.

MICROCOMPUTEIR

CFU * The CPU is designed around the Motorcla MC148885.
User programs can drive i/o to suit requirements of
specific instruments.

RTC * The microcomputer contains an RTC module which can
supply full calendar and time information for
control, and data indexing.

MEMG * The shkeleton operating system, MEMC, contains a
monitor for testing and many routines to support
likely data logging tasks.

Data * Data storage and retrieval are managed by the (P,
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IDATA RETRIEVAL

Opto link *

Interface %

Milker *

READALL *

Communication with the data-logger is done
optically. With instruments in underwater
housings, data are transmitted via an optical
pipe which passes through the lids of the
containers. This makes it possible to communicate
with instruments after they have been sealed for
deployment, or even while they are deploved.

A simple interface converts the optical signals
to RS5232 levels for data retrieval by a PC.

A portable data retrieval (milking) device is
available to transport data to a PC. This

device also has other useful operaticnal and
testing functions.

READALL is the data retrieval program for the PC.
It is written in GWEASIC and provides amongst othe
things, routines for data retrieval, data plotting
and the generation of calibrated ASCII data files.

POWER SOURCE

Battery *

Standby *

The data-logger is powered by rechargeable sealed
lead acid bpatteries. BRattery life varies with the
data logging task, but typical life will be

3 to 8 months. Longer times have been obtained.

A 3 volt standby alkaline~-battery is used to
support the memory-module should the main battery
fail. For longer life and greater security. a
lithium battery can be used.

HPPLICATIONS

This data-logger has alrsady been used in a variety of

instruments
are:

developed at NRIQO. The more significant of these

¥ ¥Yector Averaging Current Meter

¥ Hlectro-magnetic Current Meter

¥ Wavestaff Water Level Recorder

* Pressure Transducer Water Level Recorder

*  Acoustic Water Level RBecorder

Reliability has been high and the solid-state memory-module ha
proved itself as a safe and convenient data storage medium.

CoIR  NRIO

Stellenbosch 82231-75181 Contact perscn: § G Hélroy
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Effect of 10 Hz Low Pass F.I.R. Filter

Response Before Filtering:

[ Shear Trace I

DATE:

$3/06/12
1%hi¢ 125¢cC

dusez ° 38 | : 1 B MY
Lrsec)-0. e ) RH | .

Current Display: €=2 %o ¢33,

[ Shear TraceJ

DATE:

$9,06,22
18h 16 i2sec

dusaz
Crssecd

Current Display: %=3 to t=%.

= Excitation Frequency = 10.7 Hz.
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Effect of 10 Hz Low Pass F.I.R. Filter

Response Before Filtering:

l Shear TraceJ
BATE:

92 $3,06,22
. i%hos 27s5ec

duséz

7

3

L1

L

3.4

2

1

¢
C/sec)-0

Current Dispiay: %=1 to %=z,

Filtered Response:

l Shear TraceJ
DRIE:

$3/06,22
13008 2723ecC

Current Display: t=2 to %=3.

= Excitation Frequency = 2.4 Hz.
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Spectra Generated by Calibration Procedure

Spectrum A: Excitation Frequency = 2.4 Hz.

ay = 3°
i Power Spectrunj]
B R
4 29,06 /18
7 100905 27fec
-0 .7 14
-4
1
TN -1.60]
2 =z ]
g T '
U o -2.15:
=] = ]
© ]
- e ]
t’.: 3ls -3.34]
[=9 Ad L
[Ty 0 -+
5 ]
=5 .15
T I T
1.8 18.8 188
Frequency [Hz]
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Spectra Generated by Calibration
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APPENDIX 19(cont.)

Procedure

Spectrum C: Excitation Frequency = 10.0 Hz.
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Dynamic Response of Probe

(Themocline Simuiation)

TEMPERATURE VS TIME:

TEMP {°C]
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b
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CALISRATICN USING ANGLE OF ATTACK
Mean Velocliy = 0.74 m/s

See Foogtnots

0.1 /
0.C8 v
P
e
N
v
0 2 4 8 8 10 12

ANGLE OF ATTACK [degrees]

eWP

PENDANT VARIABLE : —ri—
DEPENDANT VARIABLE : o i5~
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Thermal Impulse Response of Probe

(dT = 31 °C for & seconds)
TEMPERATURE RESPONSE:
TEMPERATURE [ °C)
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DETAILED VIEW OF STRAIN GAUGE PROBE
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LONGITUDINAL VIEW THROUGH VEHICLE
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CALCULATION OF WEIGHT OF BALLASTS REQUIRED
TO CONTROL VEHICLE FALL SPEED

J.D. Woods (1969), describes the in water weight, W, of a free
falling wehicle as

1 z
W = 5 C4 pAU

where C, is the drag coefficient of & wehicle with a8 cross

seciional area, A. The vehicle falls freely at a speed U through
a fluid of density p.

For the wvehicle illustrated in Appendix 24, [failing through ses
water, the following specifications apply:

A = 0.02 me

p o= LO27 kg/m’
Cqs = 0.4 (Personal communication - A.Sayers, Fluid dynamics
department, U.C.T.)

Furthermore, the volume of waier dispiaced by the vehicle s
appoximately 0.0148 m® and has an equivalent mass of 15.2 kg.

If the wvehicle fall-speed Is to be controlled at 1lms™
then using the above equation, the required total vehicle mass is
i6 kg.

This mass is comprised of the following components:

Data Logger: 5.39 kg
Yehicle: £.90 kg
Probes + Yehicle Lid: 1.08 kg
Additiona! Ballast: Z2.66 ky

Due to the approximations used for values of vehicle volume and
drag coefficient, the abowve calculation gives only a rough

estimate of the required mass of the ballasting weights. This mass

may be fine tuned in the field to give the exact required fall

speed.
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Deployment Simulation used to Calibrate
Pressure Transducer

Ehepth vs., T ineJ

20 ! DATE:

83,072,143
1%h1% 03sec

Depth
(m] 1.

L) L§ R T ¥ 1 ¥ 1

1 4
0.00 0.17 0.3% 0.514 0.68 0.8% 1.03 10 2

Time [s]

= Simulated deployment to 15m of water.
= Resultant trace for calibration coefficient = 48 dBar.
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DATA LOGGER OPERATING INSTRUCTIONS

T¢ Start the Data Loager

1. Connect the "Red lead” connector 1o reg (+)} battery tarminal and “Black
lead” connector to the black (-) terminal on battery.

2. Push "R" on Keyboard and the “=" will be displayed on the left-hand sige
of the display, indicating that the machine nas been reset.

To Check the Sensors

While in the Reset {=} mode, push "L° on the keyboard to start the sensor
check mode. Each input cnannel wiil sequentially be displayed for a few
seconds on the LDC display. Push "E® 10 ferminate the sensor check mode,

To Start the Data Logger for Declovment

1. Connect power 1o the instrument.
2. Push "R" for reset.

3. Fush "P" and "test” or “"data” will be displayed. If “data” 1s displaved it
means that the memory module still contains valid data. Push "G 10 erass
the data, or “8" to retain the existing data ny skipping io the end of the

valld data and starting recording from the next avallable memory position.
On pushing "G", "test” will be dispiayed.

The "test” is a memory tast. GOnice the Data Logger has passad the
memory test, six zeros will be dispiayed. Enter the date; first the year
tnen the month and day, @g. B8Bi016.

Push "ENT" and four zeros will be displaved., Enter ths fime in 24 hour
format; first the hours then the minutes, eg., 1047 for 10h4a7. Push "ENT”
and the date will be repeated on the display before the time is again

displaved,.
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P

Approximately 5 seconds later "A" will be displaved. This indicates that
the Data Logger program s running with the nower to the sensors
switched off, When the reed switch is mementarily triggered (closed)
nowar |s supplied 0 the sensors and "Ab" is displaved.

As soon as the pressure has rzached its preset trigger ifevel, the Data
Logger witl start recording, the display will indicate the starting time of
this record. A “F7 is displayed to indicate the end of a recording cycie.
The operator at this stage may sither wish to retrieve the data or trigger
another record via the reed swilch,

NOTE: The memory can only store 8 records.

Cleaning of the instrument

when c¢leaning the instrument lLe. scraping off barnacies, ets. afer recovery,

keep the plate covering the perspex “eyves” in place as scratches on the "eyes”

cause “read errors” during the data recovering process.

DATA RECOVERY

Connegct the optical sensor piug to the Data Logger taking note of the

direction of the arrow marked between the 2 perspex "eyes’.
Connect the RS2IZ link to the P C computsr serial mmput.
Connect the mains.

To run the program, type in "Readgail” and follow the prompts.

The display on the Data Logger will go through a reset phase and end
with a "d" on the jeft-hand side and "00" on the right~hand side.

At the end of the data transfer, and "E" will be displayed and "Readall”
will end. However, If the Data Logger ran out of memory before ending
off the last file, no "E” will be displayed and a "b" will remain indefinitely
on the display. In this case it is safe to assume that ail the data have
been transferred as the PC will continue to wait for the rest of the file.
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A full memory module can contain up to 8 files for the 512k version.

it Is recommended that the Data Logger is put on chargs 1o reduce the
possibility of errors due 0 low voltages.

After the data hnave Dbeen succsssfully retrieved, disconnect the AA celis
by unplugging the white plug on the mother board.
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FORMAT OF MULTIPLEXED DATA RECORDS,

CONTENTS OF EACH RECORD:

MHex data Sequence: Description

[7 bytes] Sub-neader generated by "READALLT.
[O4Y [Gi] SOH {Start Oof header)

[87 bytes] Header

[(cey (o2} EQOH (End of header)

[60 480 bytles) Data Frle

o317 [Q37 ETx (Eng ©f text fitle)

[1Ad Disk Housekesping

INFORMATION CONTAINED N FILE HEADER:

Bytes: TR-Tds Date of file {Year).
TE=T&: Date of File (Month).
TT-T78: Date of file {(Day}.
T9: BianK space
B0o-814. Time of ti1te geperation (hrs.}.
Ba-83; Time of Firle geaneration [Minsg. ).
83-84; Time of file generation {(3eécs.}.

FORMAT OF DATA FILE:

(400 bytes) Data from turbulence channel sampled @ 499,26 Hz.
(1 bytel Temperature value,

{100 bytes] Turpuience data.

{1 byte] Pressure value,

[450 bytes] Turbulence data,

[y oytel Temperature value.

[1CG0 bytes] Turbulence data.

{1 pyte] Preassure value,

(450 hyies] Turbulence data,

{1 pvte] Temperature value.

etc.
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Software Reference: Program DATASORT

Program Datasorti({input,outpul);

f This program sorts the multiplexed hexidecimal file created dy "READALL® §
{ into four text files, namely. ihe header file, the tuyrbuience dala i
i tile, the pressure data file and the temperature gata file, ]
Type .

Directory - atring{3s);

Name : Striagisl;

Datafile = File of Byle;

var
HeadFile, TurdFile, PresFile, Tempfite: Datafile; { Sor}eu Data )
i1es, i
Yorkfile . Datafile; Source Data file name, |
Destination t Darectory; Destinalion Data file path, }
Filepath v Directory; Source Data file path, |}

Source Data file name. }

FulltileNase . Directory;
Siores Tulenumber of first tile §

FirsiDeployment: Integer;

Recnus Integer: Numger of probe deploymentis. |
| o ointeger; Loop variables. |

Compule + Booelzan; flags program end |

Hexvaiue : Brte; Data file element |

Conl : Char Srgnals termination |

,N2,03,00 ¢ Haae Ounmy tile names. |

Procedurs DefineYorkfile{var Filepath,Fulifilename:Directory;
Recnus, Firstnum: integer);
var
Filenus : Stringl3];
begin
Sir(Recnum,Filenun};
FulifFilename 1= Falepatlh ¢ Fileaum + ’.Das’;
As?l n (Yorkfile FulitileNane);

§§?3§ (Yorkfitel; i Program tersinales f soures file does not exist. |
+

it 10result <3 0 then
begin
[# Recnum = Firstnus then
degun :
¥ritein('Cannot find ', Filepath,Recnum,’.bas’);
Yritein('Please ensure that the above data file exisis.'),
Yriteln;¥riteln:¥riteln;
¥Yriteind’Datasort terminated.’);
Halt
tnd
glse
Segn
Yriteln{*All avaiiable files have been sorted.’);
Yriteln(’Datasort complete.’);
Compute :: false;
end
end
end;

Procedure Createfilenynee(var 4 name Tu name P name,Te nane:Nime,
tar Record_nud :linieger); 7
var
Deploymenthum : String(l];
begin
str{Record num, DeployseniNum);
R name ;= Head’ + DeployseniNum;
TU_name ;= *Turd’ + Deploymeninen;
P_name iz ‘Pres’ + DeploymeniNum;
n;e_pale $z 'Temp’ + Deploymentinua
ena;

Procedure Assignfiles(var HeadFile,Turb?ile, PressFile, Teaplile:Datatile;
var Header name, Turb name,Press pame,Tenp name:Nase;
var Quiputpath:DirecTory); - -
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Program DATASORT (Page 2)

var

ExternaiRane 3 §irang[aog;

hezén
xternaldame = QuiputPath « *\* + Header name + *.pas’;

ReaigniReadiile Externaliagel,

Reyrite{Heagfile);

ExlernalWame = OQuipulPalh + *\° + Turb_nage + *.pas’;

Assign{Turbfile, Externaifane];

Fearite{Turnfiie};

Externaifame o= OutpuiPall « '%' « Press name + " .pas’;

Assiga{Presstyie baternaladel;

fewreie{Presstilel’

External®ame ;= OQuipuiPalh + *\' + Temp name + ’ pas’,

Resign{Tespfile ExternalNate];

Fewrcte{tenptilel

eud;
Precedure Transfer{var Destinationfile:Datatile):
far
Hesvalue o Byte | Transters single byie from souree
Begst { 12 destination, 1

© Read{¥orefile Hexvaluel;
zrnte(gestinataonFi%e,He:vaiﬁﬂ
end;

zrﬁgedure CleseFyles{var Headfsie Turbdfole, Prestile Teaptile:Datatile);
8410

Close(Head?ite],

Cloae(Tyrbiiie],

Close{Presfile);

Close(lamptile]
T H

Procedure Quii(var FO,F2,F3,Fh:Batafite); | User lrrggered *quit’ rouline. |}
var
feyvalue 3 Char,

ggin
Bead(Kbd, Beyvalue);
1 Levyaiue = 'Q" ihen
heg:n
Yriteis:
Yriotein{*Datasort terminated.’i;
GlosefilestF!, Fe.Fi, 74
Closa(vorkfiie}:
Hali
ead
#nd;

Procedure inctdatatiies{var Record num:integer;var HPle, TuFle, Prie, Tefle:
patafeTe;var Compule:Boolean);

Vaf
. #1,ME, 43,14 1 Hame; ¢ Dunsy f11# names. |
2D
CreateFiienanes(d], 82,03, 84, Record nus);
issa#nFé1ts{HF!t,T&?IeiPFIe,TaFie.Hi,HE.S3.N!.utsténaiéonn
eng:

Procedure Recordread{var Record num:integer;var ¥eady,Turdx,Prese, Tenpx:

Datatiiel;
Yar
o4 tinteger
begsn
yriteln;

griteln{’Serting deployment He.’ Record num,’ ...’}
§rg%e§u;ir;teln;!r|%séa(‘?reas MK LR T T T SRR
riteln;

for 1i2t 1o 9 do Read{Workfite Hexvaluel: | Advances peinter devond S0H §
for |'t: | 1o BT do Transteriiendx) ' { Beads Eile erger i

far ) iz 1 to 2 do Reaq{Yorkiiie,Hexvalue):

fer 1 := 1 10 100 do Transfer(Turdx):
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Program DATASORT (Page 3)

Transter(Tenpx):
for 1 iz 1 to 100 do Transfer{Turbx);
Transfer(Presx);
;or.J iz 1o 239 do I Sorts multiplexed source data file. }
tqin
for | 1= 4 1o 150 do Transfer(Turtx);
Transfer(Teapx);
for | t=y 1o 100 do Transfer(Turbs});
Transfer (Presx); _
it Keypressed then Quitl (Headx, Turdx,Presx,Temps):

end;
for 1 iz 4 1o 50 do Transfer{Turbx);
¥ritein;¥riteln;
¥ritein{’Deployment ¥o.’ Record_num,’ seried.');
gloseFites[Head:,Turbx.Presx.renpxi;

end;

{ HAIN PROGRAM |
begin
Irser; o
grolein("Enter path and geaeric filename of source Dala.’};
¥ritein(’e. g, A\ Durectory\ Filename’),
Yrileln;
Readin {Filepath);
Yriteln; .
Yrilein{'Enter the number of ihe first file:');
¥riteln;
Readin (Recaum);
Yriteln;¥riteln;
¥riteln{’Enter path and namee of new direclory vhere ',
Yritein('sorted files are 1o be stored.');
Yriteln(’e, 3. A:\ NevDireclorydame');
¥ritein: )
?:?d;n {Destynation);
KKdir (Destination);
141¢]
1t 10resyly ¢» 0 then
begin )
¥ritein{*Directory * Destinalicn,’ atready 2xisis.’);
Yriteln('Please select a path 3nd a HEY durectory:’);
Readln(Destination);
Redir(Destinatien);
end;
Computle :: True;
FirstDeployment = Recnum;
for 1 :: FirstDeploynent 1o (FirsiDeployment + 1) 4o
begin
it ¢ompuie then
begin
11§ - (Recnum + 5} then
begin
Triteln; )
Yeiteln(’ 11 you are using a 360K floppy disk, il nii} be full,’);
¥rotein('Replace i1 with a new formatied disk and ');
Writein{’'press * R * ehen ready to contanue... ')
Yritein; )
Yriteln{'1f you are using a Hard-drive, ignore the adove’);
¥ritein(’and press * ¢ * 10 continve...');
Repeat until xeyprassed;
Readikbd, Contl; _
11 Cont = "R* then Mkdir(Destination);|Creates direciory on ney disk)
éf Cont = 'r’ then Kxdir{Destination);
end;
BefineyorkFile(Filepaih FullFileName Recnum, FirstDeploynent):
|nitdatafiles(Recnun, HeadFite, TurdFile,Prestile, TempFile,Coapuie);
;f Compule then
tin
engecordreadtlecnul.Readfile.lurbriIe.PresFiIe.reapFiie};

tise
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Program BDATASORT (Page 4)

begin
Erase({Headfiten Erase{Turadile];
grase(?rssfuls;;ir353{?enp!ile];
£nd;
Closeiporkdile);
Recays ¢z Reenys + %
end
end; _
£ é! Eecnum = {Firstdepiovment + 7} ihen writein(’Dalaser! completed.’)
a8,



vt a-
APPENDIX 34

Software Reference: Program TROUT

Program TROMT [input,ouipsil;

typeded,sys |

graphix.sys |

Kernel.gys | _

gindows.svs | {n Graphics in¢lude files 1)
finderid.ngh 1

3gis.hgh |

polygon.hgh |

Jeriv.a08 |

i e D i Bl BB A AR
R . it g i g

|
i
!
!
i
}
i
!

1ype
Jatatile - File of Byles § File type for seurce data }
Directory = Stringl3%5; 1 Path for inpul 2a¢ output Dala |
Datle T Steing[30]; 1 Record of Datz for Graph sdzalfication |
Batearray : Arrav(t..8) of Date

¥ar
Priat T ELR | Print Optien i
Option 1Char; | Detines selected deplovesnt soplion |
Keader (Datearray;

Filepaih :Directory; b Path of Source data |

Ceapiete ‘Boolean: | Flag to validify fote existiance )
Finished ;Bogleam | Flag to deteet termination @

Routing :Char, | Defines gser seiecisd anaivsis gption }

Readd tBatakite;
Sereenline 3iringfi0l; 1 Reads lene of text fros screen |
Headerfie  :Text, 1 Tesp., file for storage of deployment siats |

Fainfle (Texty

ltﬁﬁiiitllllﬁﬁiﬁﬁilllli55%%%!!![li%iEitl!lliiﬁﬁsﬁillliigiiiltll[§§§§iil!!{l§§
e Procedure Mayngeny 3348 ine ysep 1o selecl Lhe appropriale i}
R ] anaiys:s rouline. The user Bay choose; i}
{1 - To deaplay dates and tiges of deplovmentis el
it - To analyse pressyre 4313 t}
K - To anaivse turbuience dats 1}
1t - To quit 5}
Ili!lll!!ll!il!l!!ll!lllil!lllll!lliilllll!litllilii!ll!!iilllllli!lilll!t!ii

Procedurs Hain#eny(var SelectedFunctioniCharl;

yar
Firsibyte  :Char:
beain
¥hite Firsthyle ¢ J27 do
begin
Girser:
yrotelnsdeatiein,;
srilein{ HAIH HENU 42}y
griteinf-=cmmmemnen i EI N
gritein;

griteln{ Piesse salect one of the followsng funclions:’);

griteln;¥rateln; _

3?;}:£n(9£$ﬁ§ Disptay of the date and tize of each probe deplovaent,’);
rilela; )

§ri%elnl‘i§2§ Analysis of probe fal) speed and deploymeat depih.’):
rileln;

gritein {71731 Analvsis of lurbulence Mata.’ )

¥riteln;

yriteln{"(F4] Quit.’};

riteln,drateln

Bead(kdd, Farstbytel;

Brad{ihd, Seiecledfunciion);

eng
end:

I&§§§§§lll;l§i§§§ll!!1i§§§§Elllllﬁsgss!Itlll§§§§§lll!l§§§Eﬁﬁl!!!li%ﬁﬁi!lt!llE
i The tollowing procedures creats & text file conlaining 13
I att wnformation relating lo degioysent limes.This dala i
it i8 Lhew 1isted on the corresponding graphs for 1.0, i}



-Ag 3~
APPEMDIY 3ilicont.

Program TROUT (Page 2)

§%%%1!IHE§§§¥IIHIEEHNltlligﬁiillllisﬁﬁﬁIHHE“iﬂl!llliiiii!ll“giﬁﬂ

Procedyre ReadDate(var Jatefile:Datadilel;
yar
Hzqnum :Byie: P File Biement }
I cinieger; P Lo variable |
Begin
for | i 1 1s 2 ds
begia
Read(Batefile, Hexnunl,
Urite(Headerdle, Chr{Hexnugl}
£ag
ead;

Procudyre ¥riteloHeadtielvar Ceplovnumiintager};

LETS
Firztnua:ﬁﬁieger; { Records aumber of farst depiovment |
Intfite :Datakie; 1 internal assignaest for *HEAD files i
Extname :Stringfd0); 1 External assigneenl for *HEAD® files |
Hugber :Siringlil:

%egin

trstnge 2 Beplovynus

Fepeat
Sir(Deploynye, Humber);
Extnase : Fidepath ¢ '\ Hezad® + Numbher ¢ ° pas’;
?:?i?agéﬁifiie,ixiaa§e];
Reset{tatfiie)
1182H
Complete ;= {10resyltl ¢y 0}
FYonot Cosplete lhes

begin ,
Seeg{intfite,73); i Sets File Pointer |
YroteiHeader{le,’ * heploynes,’ '

ReadDate(intfitel;
Yrile{headertie, ) '),
geaglate{intdile];
Yritedlizaderdie,’f ')
ReadBate{iatfilel: { Reads Day 1
Seek{intdiie,80y; | Sets File Pointer
Friteieagertie’ ah
feashate{intfilsh: § Reads Temeilrs.] d
¥rite{deader?le, "n’ ) )
Readbate{intlitel; | Reads Tise[mns.] |}
¥rite{Headertie,’ *); _
ReadBate{intfilel; | Reads Timeisecs.l |
¥riteideaderile, ' secn, e
Ciosefinttile):
:ruieln{ﬂeaderfieﬂ

en

glse it compiele and [firstauazdepioynyam} then
2gn
¥ritefaiCanned find " Extnage,*.'):
Yritela{'Frogras 1ROUT terminaled.’ )
Halt,

gnd;

geploynug ': Deplovnusm + 1

gntii cogplele;
end:

] Reads Year |
i Ready Herih |

Fracedure DeplovaeniDates;
1ar
Erpor »odestean; | Detecis incorresl source 9ath |
N é;d Dointeger; b 1 Represenls depinyment nusber |
Bgin
¥ritein;
griteln{ input nusber assigned o first Deploymenti:’):
Eeadinii}; )
?S?a nideadertie, Fitopath + *\ Header.pas'}:

Eaerite(Beadertle)
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Program TROUT (Page 2)

13ied;
Ereer iz {10resuil O 0%
i frror thes
Sedid
grotetn’Cannot Tond Barectary °.Folepath);
yriteln;
Yritela{ Flease check thal the above Direciary conizining ')
ériieln['iﬁe Data files qenerated by "DATASORT® exists.')y
riteln;
E?gtern{‘Frsgrai TESUT aborfed.’}:
aity

eng;
griietoeagiiell];
Eegel{feaderiiey;
Far s 4 18 {l-4) g2
begin
Beadin{Keadesfle, sereenline):
Header{J] = Copy{Screealine, 37,28); | Sels yp array for Graph 10}
gnd;
CioselHeaderdiel;
Assign{Paindie, ' RataPath.pas’ )
Rerraie(Paindle);
Yeite{Pathite Filepainl;
Clpsz (Pathiiej;
ead;

gtaccﬁare DispiayHeadtie; | Displays times of all deplovmentis |
ggin
Cirgzr
gritelm
Yriteln{  BEPLOYNENT (27, DATE 45, TIHE 471
$riteln; )
Rssign{feaderfie Filepath + "\ Header.pas'};
ferel[Headerfie);
¥nile nol LOF {Headerfiel dp
begin
geadin(Headerile, Screenline); .
;rit:in{ﬁcreen!ine]; P Displays Texd Pite on sereen |
gnd:
Ciosa{Headerttie),
Fritelmyrilein:
¥rilein(’Press (SHIFT> and (PriSer 1o get & Hardespy.'B:
Yeiteln;yriteln{ Fress any Hey to return lo Haip denu'}; -
gegzal Until ZeyPressed
end:

il!!li!!l!l!!l!!ill!l!li!![!lll!lill!!lllll!!!liiIlllI!!Iii!!llilllil!lllll!i

je The foliowing procedyres are refated 15 the analysis of daia i}
i2 from the pressere iransducer.These ipclude graphiny rogtanes i}
le used 1o plol depil and Fall-speed ve. lime. a3 32}l as 3 Spi. i}
ie Gafferentialion algeriiha Lo derive the dpeed charatleristsg, £}

Ii!!li!ll!lliil!!llllli!l!iillill!!i!lllllll![itl[lt!l!i!!ll!!ll!l!i!!II!I!Ii
Frocedure Cha@%e?§esf1%§{ear Presdise:Batafite;var Inval:gfile:Booless);

var
, Ext¥ile :Sipiagiidh; b Path and nome of external pressure file |
£q:8

Eirser;

gritelnyritels;

Yeitein{’Pizaze select depioveent nymber ts be mmalyszd.’);

¥riteln( Eater number (4-3)'}1

Eritein;yriteis;

geadin(Option);

Extfile i= Filepalh « '\ Pres’ + Oplion + ".pas’;

?siian[Presﬁiia.Ezlfé%eB;

?iiel(rresfiieﬂ
it
PavalidFile sz {10result <> 0 { Ercor if a0 external fite found }



P

f invalidFiie then
begin
fritein

-AdS~
APPENDIX 3l{cont.)

rogram TROUT (Page 4)

¥riteln( Cananl Pind Daty f1)e PRES®, Optise, " PAS. ' );

geitein(’Prees any

key Lo ratars o Kalﬁ Reng ' Iy

Ezpeal gntil Zeypressed

end
end;

Procedure Graphfiol{var éraphvaiuas Flatarraysvar T integer
var Tedie, YTidie, il irﬁa%r;ng.?r;a% Booleany:

far
Rua, 3 cinleger;
Bay, Time:Siringiid],
hegia
Easerbraphic;
Defrne¥indouf!,lrune
trune
befine¥indog(2, iryne
Lrgne

Cetineworigid, &, 1000,

Selectwindon{ei:
Setfeaderaif;

{ due 19 Integer derived from deploveent selection |
| Graph ldeat:fication |

{Xsazglbfi0), trunc{Ymasgia/101,
({¥Baxgibad)/i0l, truncf{Yaangi s} /101
(fraxgib /A0 trenc(YRaxgihsi0t,
(géggxg:519§;%@§,trunci{Tgaxgluas§;&§});

Findgoridiz, &raghva!uss {irunc{{T41/70.501. 1.2, . 2]

Sel s@t!xnd@ﬁési
feavBorder:

GeteXY (32, ¢h:pitel’
GotsXT (32,39l
GetoxY{iE 1 9m ke
S&iianesiyigé 3
Brashiis(d, 5, 16,1%,5,2
&?&??oiygoﬁis val
Sefectworl d{d
Seiectivindon|
SetaXY (18,91,
Geledy {10,158}
GotoRY (38,221 iy’
¥e§{apluou Eal B

3
1,
raph
H
1);
¥r
¥

‘1
LTitle, ) 311'

25,9,0, 1318,
es, §o-lrane{T1/0.5),9,1,9);

ateEYTsi 23 { Labete ¥Y-hus }
?stt(URsi}

Tige [8]'), i Labels X-A018 |

Day :: Copy{ﬁeaderlnun§ i, 8):

Tige i Copy{%gaﬁer{nag} 16,12}

Brantexty{250,88, 1,/ DATEL S |3 o

Oranlext¥ (850,120, Day): ! E?agi Tdestefication  Bate |
p

GragTexty{B40,145,9, Tige}; i 8ra

Tdeatefication  Tige |

1f Prial ihen Sardcnprifs se,b);
gepeal Unlid EsyPresysd:

Procedare LogpassFiller{vae Data:Plotarrayl;

Leavebraphic
end,
¥ar

i ;otnteger;
hegin

for | sz 3t 138 do
beqin
datafl, 2]z {Datalld
eng
eRd;

Loep wariabie

-2 2t e0atali-4, 2 e0atal), 2  eDatalie, 2] sDatafie2, 21} /5;

Procedure Speedealc(var Pressure,Speed:Plotarrayi;

¢onst

Humpts < 200, | Specifies number of 4412 poinis | K
Rugderiv = 200; 3 Humber of points s ehich derivalive i3 evaluated |

¥

Timeaxis  Tbvecior;

Presvector (TDvector;

Speedvecior: Thvector:

Errsf sByte:
:iﬁ%&get;

begin
for L3z 1 1o 200 do

{ Arpay of sampie time for numerscal differentiation |
I Array of pressure values for déifferentiation }

| Resultand array from nuseracal deffentiation i

i Returns error status after Sufferentiation |}

t Loep variable |
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Frogram TROUT (Page 5)

bedin
speaxisitl o Pressurell i) P Creales vector for time 3tis |
;rtavzctarit} : ?ressur:[ 2] f Yector of displacement values |
£h

§s?st Derivative{Numpis, Vimeaxss, Prosvecion, 5, Hunderiy,
fxneaxss S@e'dveciaf Errur}
if Error ¢ O then

for i :t: 1 10 200 do

Speedii, %l i Tigeaxinbi}y | Copres tome ayis for speed qraph |

gpeeﬁi : Saeesvcciuriéiz P Copres speed posnds calcutated
iovpassf;;ier{%peeﬁs
s
glap
begin

Fritela{’Error " Lrror,’ detecied 1n speed catculation.’);
Yritela{'Progras TROUT abderted.’):
hald;
and
zng;

Procedure Createflothrrava{var Preafiie:Datadite;var Preasyre, Speed:Plothrray,;
var Calibrate Rezll;

$3f
Beghig rgrte; $ Daty fite element
i dinteger; | Loop sounter |
Fressureval Re2al; | Plot array element ]
Tine :Beal; | Saspling Period |
Bedin
¥erteln{’Caiculatng curves... '}, _
;ar Poez ¥ 1s 200 d¢ jPressgre file conlarns 200 byles |
egin
Read{Prestiie Hexnugl; § Reads datla posnt from exi. hile |
Presayreval :o Begnug & Dadibrate; | Cabibeates dats puist
iressureii,Zi v Pressureval { ¥erles datzpeiat 1o pist array |
]
time :: §;
for 1 1z % 15 300 48
Begin
Pressurell 1] o Limp ,
Lnle cxotime v 006042 { Sampling period is 0.6012se¢8. |
end;
Close{Presfile);
{r Lowpasstitier(Fresaurel; 1) PoEitters dala
gﬁzcdcaic{PfgssurezSpeédl: ! Catculates array for speed turve |
ehd;

Procedere PressureMeny{var Pressuredrray,Spesdarray:Pletarray,
var  AnoiherFilerBooleanyvar T1:inlegery;

0ir
Print Booleany  § Print splive ]
FifaiByle :Char: ] First byte of escaps sequence |
PlotOplion :Char; | User selected graph | .
8,1 cipleger; 1 Used 1o compule average spesd |
Fale (Real; ] Used 19 compuie average spezd |
1h,18 Realy @ Used 1o compule average spesd |
Tille (yrksiring: | Graph headiag |
1Titie Jerkstring; 1 Dependent variadie |
agUg;‘ vornatring: 1 Umits ¢f dependeal variable |}
¥
gsrscn
griteln;
lr;te!n{ sU8- aEHU‘*iiL
Yritel n[’ -------- 1840

Frilein{’Pressure @era@ea Graph Selection’ 6]

Fritelal’ (Deploymeny o, 147, 0ptiom,’. )" 1:
riteinyriteln:

!rutein( Flease select one of the following fumctions:®):
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Frogram TROUT (Page &)

gritein;grileln;

gritein{’ [¥¢ Ptot of Yemicie Jepth ve, Time.’);¥ritzin

ir;teln('i?? Piot of Yehicle Fall-Speed vy, Time. 1i¥riteln;

¥ritete(’ {F3 Compule Fali-Speed over specified time 10ierval’);¥riteln;
fra\:!&{’i?!% Hardcopy of present depth charactemistic.’ ) ¥ritein;
Yrotelnl' {F% Hardoopy of present speed characterisdic. ') ¥ritetn;
Yriteinl’ §$i Select Pressure Data fros 2aother depiovaent. '} ¥riteln:
Freleinf’iF7 Beturn 1o Ran Henu.')

Bead{ihg,Firaibyle},

Bead{tbd,Ploteplioni;
CASE Plotgption OF

$59: segin )
Tithe o= “Depth ve, Tige' YTatle oo Depih’Umet o2 ° fal’s
Prinl ;- faise; )
GraphPlot[Pressuredrray 71, Titie vTitie Ui, Print}
g?essureﬁen@{?resscreérfar.Sa&z&g§ray,Aﬁ@%ht?f:ie,iiz;

gnd:

§60: Begin
Title 3= ‘Speed ve. Tige':YTitie :: 'Speed’  Umil :: *[8/e]’;
Print 1z false;
GraphPlot{SosedArray, T4 Titte ¥Titte Unit Print)y
Pressuredeny(Presserehrray, Spesdirray, Ansthertije, 11l

zad;

§61: hegin
Clrseri¥riteln; )
Yeiteln[PEnter start-time of salervaii'l:
Read{lA} ¥ritein; .
gritetn{'tnter end-lime of interval (ifmax} = 120 secs.ji’hy
Read{1B) ¥riteln; ¥rsteln; i
A iz Bound{i4/0.60412); { Sappte persod 13 0.6012 seconds
B ooz Round{13/0.60%2);
PE & 2 O thes & o= &
fale iz &

for | 1: i fo B do
hegin

gate 1: Bate + Speedarrav[i.2l;
gad:

3
Rale iz falef{B-4}; )
grilein(‘Average fali-speed over 2elecied ialerval’};
¥ritela{'is *,Rate:d:2,’ u/3.’);
griteln: )
gritein{ Press (RETURY io coniinye...’}:
Beaeal uatil Reypressed; i
PregyupetenuiPressureprray, Speedarray, Ansiherfile, 71);
end;
§62: hegin
Ha T4
grolelniyriteln; ] )
Fritelni Flease ensure arinter i3 on-line." I
Yriteln( it any Xey 1o start pring.’):
griteln;
Repeal Unlid Xeypressad;
Fotle o2 'Depih v3, Tige' ¥Title oo Qepid’ Unil :2* (81"
Prinl 1o irge;
GraphPlediPresaprehrray, Ty, Titbe, YTitbe, Ui, Printy;
zressureienﬁ{Pressareﬁrray.SpeedArrar,Aaetnerfile,?ﬂ
gnd;
§63: begid
Clesers
grilelm¥riteln;
¥rilein{’Please ensure priater is on-line.’|;
griteln{"Kit any K&y 1o start pront,’};
yriteln:
gepeal Uil Revpressed;
Tigle o2 *Speed v8, Time' ITitie io "Speed’;Umit :x "{8/8]";
Frimt :: true;
GraphPhet{Speedhrray, 7L, Title YTitle, Unit, Print);
eﬁgressure!eaa(Press&rgirray.sze&krray.AuatbgrQi e, T

164 Anolherfile <: Tryes
§55: Anotherfile ;¢ False:



-A4 -
APPEMDIY Slficont.)

Program TROUT ({Page 7}

pad
844,
Procedure Pressurednalyse;
yar
Error tBaolean; Betects imvalsd external file name |
foredala  :Boolean; Frag Tee yser iergination }
g8ar tinteger; Fudi-Scate transducer owipul |
11 sinteger; Scate outpyl data Yo maximise resplution |

Catibrate :Beat;
ressure  FlolArray;
Speed Piotlderar;
Presfile :Batafile;

Calibration coefficient |
Pressyre vaides from file §
Differentiated pressure vatues |
fnpat data il |

begin
firaer;
griteini¥eiteln;
Yritein{"Please enter the calidrated full-scale pressure for the'};
griteinl’ pressure transducer i {dBars).’);
fritels;
feadin(d8arl;
ritelnidritetn¥riteln; Yrilels;
Eriteln{ Please enter the time range o be analysed.'};
:r;%e:n(‘knalrs:s begias from 1:=0 when probe 13 deploved.’);
rrigin;
¥riteia{’Enler tige vhen deploysent 18 cogpleie:’);
Friteln{’ {tinag] - 120 sees. i’}
ritein;
t2adindity;
ghale 7§ » 120 do
begin
¥rited
¥ritein{’
Yritein{’
Readin{Tt
ead:
Calihrate oo oBar/255.%
Error 1z False
Sorebata 12 Trye;
ChoosePresfile(Prestile, errori;
i1 not Error then
hegin
CrealePiothrraysifrestite, Presspre, Speed,Catidratel:

rry timaxl 1% 120 seconds. i

EH
2i’%o .

ﬁ§ flease gatel 3 walue ltess 1has oF equal le this.'};
{

sad:
¥hile HoreData and not Error do
begin
Pressuredenu(Pressure, Spesd, Horedata, T1)
it Worebala thes
Yehin )
ChoosePrestile{frestite, Error);
it net error then
begin ]
createPiotarravs(Preafite, Pressure, Speed,Calitratel;
2?535Ufﬁﬁ€ﬂﬁi??!55HT§§3§E2d,HU?§§§§3,11!
3]
end
end
gnd;

Procedure Turbulencebnaivae;
begsa

Cirsers

Frileln;¥eiteln;

Fimishes 2 1rue;
sud;

iHiIlHIIHIIIIIHEH!IHHH!iiiﬂlllll!!!iﬁ“llllil!ililll!!illillllllil!§

1t Procedure SELECTROUTINE controls the program by selecling ihe 1}
it ihe appropriate algorithe chosen By ihe yser in HAINMERG, 1}
e e e e e R T R e TR R LR R R L ST T L LTt
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Program TEOUT (Page 8)

Procedure SeleciBoutine:
begia
RaindenyiRoutine};
GASE Bowline OF
5% DisplavHeadiie:
6: PressureAnalyse;
§i: Begin
Tyrbyieacehnaires
ang.
$52¢ Finsshed :: Trus
£8d
end;

e Wl i

H%HHHIH“ESMHHHNNHHliEEHHIHgH“IHIHM%HHIIHHHIHHHE
ik Haia Froqrag Ly
ﬁliiliﬂ!l!lliilinﬂl!i!lilllH!lliiilll!ll!!iﬂl{llll!ilill!lIll{lillllIl!§

begia
inttgraphic: P oimstialioes the graphice syatesm for graphs i
Leavegraphiee p Teaporeryiy Teaved ihe graphie syslem |
Gipser;
Feitein¥riteln;

Briteln{'tater path and aub-direciory of inpel Oata.’}:

griteinl’e.g.  C:% Fiiepathy Subdiraclory'ly

friteln;

Readin(Filepatn):

DeploymentDales; i Seis up file wusin dates for graph 1D 1

Simished ;- False

¥hile nod Fraoshed do SelaciRoutae;

esteln{"Program THOUY ferminated.’ )y

Friteln{’Type ¢ Trace ® 1o analyse turbulence 1a Line dogag '}

Yriteln{'08’');

gr;tz!n('rype f Specirum ® to parform Pomer Speciral analys e’y
end,



TR
APPENDIX 32

Software Reference: Program TRACE

prograg fracefinpul, ouiputl;

1ype
uarecgarr Sirngld5y;
Dale = Siringiiol;
Datearray - Array{l..8] of Dale;
Tapeight = Array[-10..18} of Real;
Turbdatatile - file;
THyzctor = nrraylo L204T) of real;
Terbarray = Apray{1..484,0..127) of byte
Arpaypier = *?ar@arraf:

§1 iypedef.sys §

$1 griphix.ays ]

31 Kerael.sys |

trndows. sys | {v Graphics iactude files 1)

$1 Zindarld.heh |

$1 szi5.hah )

$1 polygon.hgh }

ar

R S, e, S S SN TR,
ko
e

Beffer sAprarate; Seggented array of turbulence data i

frr 18ealzan; Assagned 4o walidety of seiecled *ilename |
LPF (Beotesn; Tiras tow pass filter OWJOFF )

Aoeedata  :Booleam Flag for User ierzination }

Print :Boclean; Prial oplion §

User sgiected filter characteridlic |
User selecied sapat file §

Array of depioyzent stalistics )
Birectory of source data |

Sels graphics scaling for shear {race |
Hex #1ie malh lurbalence data |

FilteeType 1Char;

Opties (Chae;

Header sDatedrray,
Fitepath  :Birectory;
Hazshear  :Real;

Turbdais :Iuraﬁstaflle,

e LRI S i i A s i, s S T

Procedsre SelupHeader,
yar
1 tlnieger;
Pats sTeat;
Rezderfle Tent;
Sereentine :Siringl{toy;
Begin
AssigniPath,*DataPath.pas’y;
!esgii?ath;:
Readifain,Filepald)y
Close{Path};
Assign{Headerdle Filepath + '\ Header.pas’);
?esa%{ﬂeadcrf&s;;
Repeay
Readl n(Head&era,Screeaiiﬁen
aeader{l) = CopylScreenting, 37,28} | Sets up array for Graph 1D

i+
ﬂntsl EOF(Heaaerf!e}
Close(Headeriie);
it Erase{Paihl; 1}
{v Erasef{Headerflel 1)
end;

Procedure ChooseTurbfobe{var Turbdite:Terndatafitervar lavabidfile: Jooiean):

¥ar
. Extfite Stringld0ly 1 Palb and name of exiernal pressure file |
egin
Clracr;
Yritein;¥riteis;
yriteia('Please selecl deployment anusber to be analysed.’'};
ritetaf Enter sumber {1-31°),
Yritein, ¥ritein;
Read{ind,Oplionl;
Extfite o= Faissatn vy Turh’ o+ Oplion ¢ 7,pas’;
Aé?a?&{T#rhfa e Extfiley;

|
Besai(Yurbfiiel;
EEETH
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Program TRACE (Page 2)

bnvaligFile = (1Oresuit <> Q)7 1 Error if no external file found )
it LavalidFite then
begin
iriteln;
¥rotein{’Cannot find Data file TURB' Oplion,’.PAS.’}:
¥rotein{’Press any Key to return 1o Hain Xenu.'):
Repeal until Keypressed
end
end;

Procedure ReadTurdfite{var Turtfile:Turddatatile;
yar A:Arraypirivar Flesizeiinteger);

begin
Reset{Turdfile);
Fiesize iz Filesaze(Turdfile);
Blackread(Turbfiie, AN, Flesize);
glose(Turbfllen

end;

Procedurs FlushBulfer(var AtArraypir;var Lengih:integer):
yar

Jo K tinteger; | Loop varrables |
begia

¥ratela,¥ritein;

Yriteln(*Clearing Hemory...’);

tor J iz t 1o Length do

begin © A

for X 1z 9 to §27 do AT[J, X} = O

tnd

tng;

Procedure CaicDffset(Localuen:Arraypir;var Offsetiinteqger);
var | Calewrates d.¢, offsel of sampled data |
funare :Real;
1.4 tinteger;
begia
Rurave ::= §;
for 4 iz 1 10 4 do
begin a
;or l[:2 O to 127 do Runave ::= Runave + {Localmen™[J, 11/5i2);
end;
Offset ;= Round(Runave);
end;

[ltllllllllllllllllIllllllllllllllllllllH(llllllllllllll[llllllllllllllll}
|1 Procsgurs Filler is used to filler data (LPF wath 25HZ cul-off), ¢}
e defore (t s plotdied. The tap weights are caltulated from an FIR 1}
L LPF truncated 1o 1Y points and windoved through a Hamming vindor. 1}
[lll!lllllll!llllllIIlllllllllllllilllllllll!lllllIl!llllll!lllll!lllllllli

Procedure LPFmeny;

begin
LPF iz trus:
Cirsers¥ratelnyriteinf Setect filter characteristyc:®)
Yritein; ¥ritela,;

yriteln{’ [F1} Cut-off frequency @ 5 H2.'):¥riteln
Yeiteln(’ [FZ Cut-of! frequency & 10 H2.'} ¥ritein;
yriteln(’ Fi Cut-off frequency 3 25 Hz.'}i¥riteln;
yriteln(’ {Fl Cut-oft frequency © 50 HZ.’ji¥riteln;
Yritein{’ s Turn tilter oft.'),

Read(Xbd, FriterType):

Read(kbd,Filtertypel;
end;

s;:cedurc Seleci¥eights(var H:Tapreight);
| sinteger:
negin Filtert 1
a3t FillerType o nitiali i j
HHAINE " I initialises array wadh filter veights |}
B{-10):: 06.000497; H(-9):: 0.001943;
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Program TRACE (Page 3)

HI-81 0 0003898, HI-Th:z 2.005288;
# -éE : §. 00???5 Hi-53:s 001082201 Tap peighis for FULF) = 5 Hz |
H{-41 ¢= 0. 043508; H{-3]:: S.O!si!%,
Hi-21 = 0, 015i9? Hi{-13:z 4.019%45;
Hiol :: 0.02;
gnd:
$50¢ begin
Al-487:e 0.0024828; HI-9%:2 &.003280,
H{-8} = 0.00%618; HI-T]: GeOQSlA?'
RE-B1 ;= 0.00148450; H{-%3:: 6.020205;1 Tap weighis for F{LPI: 10 Hz }
Hi-4 D.026154: RI-31:: 0031853
Hi-2} 0.038103; H{-1]:: @.038992
Rio} 9.04;
eng;
51 Begin
RE-107:: 0.000000; H[-%%:: £.000120:
H ~§E s 0.003?25; Hl-Ti:s 6.00994%;
Hi-B1 52 0.020076; HI-Siic 0.034376;0 Tap weighis for F{LP): 2% Hz |
f -4! ix 0,08452% W{-31:: 0.069563;
Bi-21 :: Q.085330; Hi-1]:z Q.09514§;
R{GL <= D1
and;
52 hegin
H{-16%:: 0.000000; H[-9]::-0.00213%
Hi-8] i2-9. 00635¢4; HI-Ii =-0,0116861;
Hi-6i ::-0.0134&&; Hi-5i:: 0.00000 a! Tap weighis for F{LPY}: 50 H2
Ki-45 := 0.00%199 HI-BE = 008107,
Hi-21 1c 0038072 H[-41:: iuzus&
HiG] = 0.2
engd;
63 LPF 1:- false

end;
i@? oo 1o 10 Qo KU3E t= H{-1]; | Fitter i3 symmeiric ]
end;

Procedure Filizr{var U:Pletarrayl;

var
8 Tapreaghi; { Storage array for Tap werghis |
Lk tinteger; b Loop variadie |
) T Array{i L1024) of reat; 1 Oulpst array from filler |
egin
seieciVeighis{i);
17 LPF {hen
segin
For l o2z % ta 4D de YH] :: Oy
For 1z 41 1o 1014 do | Reccesary 1o preserve ¢ausabily |
be§|n
LR
For K 2 -0 1o 10 do
begin | Comvoiubion of FIR filter and |
;[Ii = {Y[Ye0f oK, 2 0HEX ) and inpyt sequence, i
end;
e
For | %6 i 1@ 40 il; i iH
For b oio 1024 do ull, 2} 2 Y[
ead
ehd;

iEHH!HIISMHEIHIIME&Sllltlisssiiﬂﬂl%%ﬂiillﬂEiﬂ%%ll!l[ﬁi%%ﬁtil!lg
1t The feliowing procedures calesiate and siol ihe shead irace over i L
ie t second period selected by 1he User, i}
iIiili"!lliiii!ill!II“HI!Illl!i!!!!lllll“!il!l!lll!!!!lllln!!l!l!lﬂ"i

Frocedure Calo®¥i{Signat:Fiotarray; var W45 Beail:

var
b rinteger; | Loop variable §

begig
EHS :: Oy
fop | 1= 00 do 5i aall 21 13 sqe{Sigraifd, 2l);

IR R
for 1 <2 & 1o 500 do ﬁﬁ% i3 BHE » Signal g by Galewlates BES valye
245 i: sqri{Ras): aualit, 21/%00; 4 ates g
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Program TRACE (Page 4)

end;
Procedure Setupbraphicsh

2410
?ntgrgrapnic;
GetineWiadas (!, trunsiXnaxngln/if

truncl (Xmaxginedy/
Jefine¥indon{e, trunc{Xmaxgis/id

irunc{ {(¥sarglbe3y/
Gefineperidi1,0,1000,1000,01;
selecteartd ()

i
th
Seleciwindag(t),
setBackground(0);
bravborder;
GoloXY {3321 ¥ritel’ 1
SolodY(33,3%:¥rite{’ Shear Trace |°}
gotoXTg33g53;1r11§{? '3
ends

P lrune{Yaangh/i0l,
0 trune{vaangisedy /10
i tranc(?naxgibi1ﬁ}
19 trane{{YRangibedi /10));

;raceﬂurc PlotTracet {Sheardrray:plotarrayl;
2410
sindesridiZ, Sheararray, 500, 4, 1.3
Seleciwindow ()
bravhxis{0,3,5,5,1,5, 9,1, falsel;
Era!?o!ygoa{ShearAr;ay 1,500,0.1,0)

LEH

Procedure Sisplaylabelst{var Liinteger);
¥af

T, 12 ciniszger; i Start apd finish fises of current irace |}
Hug, R slnteger; )
i tiateger, 1 loop varcables Tor repetilive fadels d
Bay,Time Siriag{te), i Dale and Seme for deploveesy |
Timesiring (Siranglaly;
, Theh, T2¢n sString{3l; { Characier equivalents of T and T2
Bgia
Seleciysrigiil,
selecigindon{i};

Sraglfeciv{y, 480,10, /42’ ),
SrasTexi¥(7,520,9,°(/sec]’);
?ai(Opteea nul,R};

Day ﬁa;g{ﬂeader{aa&! .38
Tone oz fony iHead&rin@al 16, 121:
ﬁrat?exi?issﬂ 50, %Q’SﬁTE:'“
ﬁra!Ttxi!(&&D.Sﬂ.!‘Qarl, b Graph ldentiftication ; Date
sra!Tex1¥i310.1!5.i,TnneJ; | Graph identafication @ Time §
rz : %guncglllzaié?ﬁ .28} { Sample frequency 1% 439,26 Hil
e ¥
Str(?i Tishis | Lonwerts fomes onio characlers §

str{te, T?ch;;
¥|ue51r;nq : tCureent Display: L=« Tich ¢ * 1o f:'¢ T2¢h ¢4
graltexiilﬁao (980, 1. Timestring)

and;

Procedure Sheardensd {var MoreShearsiBoolean:var TolaiTine, Actunlne,
Calibratle RBS:Realivar Localpen:Arraypir; 4,4, Lointeger);
1ar

Choice :ihae: i Beastes user seny oplicn |

g Tintegers P Subtract de component from running average |
Outputhesay  tPlotkerays | Passes Aevay fof pleiting |}
Begin

cirser;

!r»te!n ¥riteln;

%rsie}n{ Total BE? sgﬁent tige o5 ¢ Totaitime:d:9,° seconds, ‘;
gritein{ Cuprently: * Accumiine:s:y, X éaﬁﬁﬁdﬁ have been didpiaved.’};
griteln{’Last RHS falug VORRSIE:5,7 B/ per melre.’};

rilein:

¥r|te!n( Please select one of the follosing oplicns :* ),
?rztelaggfssela‘

%rlte!a% Fi Hardcosy of previous 1 second frace.”ir¥riteln;
gritetng’ HH Dispiay of next § second perind.’); ir;ttiS'
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Program - TRACE (Page 5]

Yriteinl’ E¥3 Change fitter characteristuc.’ Y ¥riteln;
griteing’ i3] Relurn Lo Terbulence sub-Menu.’ ) ¥ryieln;
Read{{bd,Choscel;

Bead{ihd,Choicel;
Case Cholce of
$54:

Csﬂaﬁﬁfset(iacﬁ geg del;
Cirser;
gritein;¥ritein; . ) .
¥ratein(*Please ensure printer is on-line.’'};
Feiteini Wit ¢RETURMY 1o alari plot’l);
Regea% unbil gevoressed:
L g ¢ Sels paramelers back | oseconds |

far d t ie 512 de

begis
Gutputdrrayid, ! Ji{iiSGG .
G@ipul&rray (4. 2] 1= fal aﬁrateigﬁ TEAIE8 el ocalnen™1, 1)
i Kl

1K = 128 then
Qﬁ%?ﬂ

i L g
end
gnd
It i?F ihen
begi o _—
gratelnyriteln’Filtering. ..');
Fitier{Qulputarrayl;
£nd;
Setunbraphicst;
PlesTracet (Gutputhrrarls
Dispiavbabelsiiiy,;
Hardeopy{false,6i;
Lesvegraphee;
Sheardeaut (Horeshears, TolaliTine Accualine,
" Calrhrate, RES i@¢alnzﬁ 4.1
)

© Horeshears : 2 irye;
v begin
LPFmeny; )
Shearenuf (WoreShears, TolalV ne decynTine, Calibrate, RHS,
bocalaes,d K. L)

LEEY

el
P LT
e

sng;
§62: begin
KareShears :: false;
end;
i
ghd;

Procedure catcShearhrrart{var LocalmemiArraypin
var Catibrate,TolaiTine:Reall:

var
Shearhrray cPiolarray; 4 Arrvay of 1024 vertices {2 secends) |
BoreShears <Boslesn; { Flags user selecied lermination i
Abort :Chaz, | Fiags gser selected ferminatiog |
de clatleger { Subtract 4¢ compenent from runming average |
4 KL dinteger; i Luop variahles |
hecualine Realy i oReturns scoumulated Sede |
' R8s (keal; f Used to caicylate BRS valuz |
£gin
CaleOffaei{localmem doi;
" )
L i
Ciragp:

yrilelnmyriteln:

HoreShears i trus

Accumfime (: O;

griteln;

Writeln(’Tolal deploynent time i ", VolalTime:d4:1,’ seconds.’);
¥riteln;

§ b 1% value paraseter - does’nt effect giobals i
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Program TRACE (Page &)

Fritela{ Press (RETURM> 10 compence trace of first § second® )
froteinl’ o Q¢ o relurn to Meny.'),

Feadin(Aberi),

1§ Abort - *Q° {hen HoreShears :: faise;

¥hele RoreShears 4o

begin
heocumtime :: Accustime + 1.02%%; | Samphe frequency 9 499,28 42 |
;nr_J 12§ 10 542 do bI/F 8 812 = 1.0255 secs, |
egin

Sheardrravid, 13 oo Je {95000

Shearhreavid, 2} Cailbfﬁié po{Lacateea™L, XY - g} 1 (0. 2@536}.
iéi; b oSaptraet OO component of 127, ]
bf € - i28 then i 0.75 Yolls = byle valge of 128 |
begas 136 0,00538 - 757828 |

= &
L s b
end

end;

if LPF 1ihen

begin
¥riotetnyriteinl’ fillerng.. ')
Filier{Sheardrrayl;

end;

Calcﬂﬂ&{ihsarﬂrrayiiKS].

Selypbraphicsi,

PlotTracei (Sheardrrav);

Displaviagelat(l};

kepeal Untel Revpressed;

Leavegraphig,

ShearBeaui (Horeshears, TolaiTige, AceunTiae Calibraie, RUS, localnen,J B L}

end;
CE]:M

4

E![!!llﬂi!llill[ll!l!!!ll!llli!l!!!!ltltill!l{lllllil!!Ili!i!ii!lﬂl”!liii
it The fellowing precedures caiculate and plol the shear irace over a3 il
i1 10 second perind seizcied by the User. i
3EEE(Hl[EE%Eil‘lHl!iﬁH%lll!lﬁiisEHH[EESHKH!HH%NIHUMHHH!I!%H?

?roceﬁure pelupGraphicsig,
Begin
tatergraphic:
Bedinelindon{d, runcidmangib/sg, irunc{Yaazg pftd),
PR {RRaxgt el /8), truns] i?naxglaa AT
fetineyindow (2, trunc{Xmaxgib/s), trunc{Teargibadjiel,
truaci{iaaxg!b:é}fﬁ).lruac {Ynaxg!h: I7AF RN
Detine¥indon{l, truaa{Xua:glb{S)girunciinaxgsbi e,
trose{ Cimasgined}/3), trencl(Yaasgibed} a2y,
Bedineinder {4, iruns{Xmaxyly/sl, irunclYaax§sa|7f12i;
iruac{{Xna:gth:%};E} truncl{Ymaxgibeajfizin
fetinedindon (5, irunc{¥aaxgln/sy, truncl?naxgibxﬂi!?}s
{rune[(Xmaxgtbed}/5)  trunc{{YRaxgibati} 12,
Befine¥indos (s, tr&&c{ﬁaaxgib;ﬂ@& trunc(maxgib;i&;i
raﬁa{{%naxglba?}f!ﬂ} tryncfiTRacgibeid}fidl
Gefinepsridi2, 0, 1000,1000,0};
Seleciworidi?);
seleci¥indnw (6],
SetBackgrsund{ll
Bravborder:
GatodY (32,41 ritel’
GeleXT(33,2};¥r1te(’ Shear Trace
gctoxT(BS Jrie?
end;

- owm e
[ ———

zr@tgﬂure PietTraceliG{var Sheararrayiplotarray;var Tracenum Inleger);
£8in
{1 Fing¥erid(!,Sheararray,t024,1,1.2); 1} | Used for aulomatic scaling |
Defune|erisﬁl 0. #axshear, 2,05, nax:hear!a
Seleciunr) s{%l;
Selecluindow{iracenys);
Seilinestric{ld):
grawAxie{o,8,1,1,0,4. 3,0, 1a)8);
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Program TRACE

32{cont.)

(Page 73

current trace

BragPsiygen(Shearhrray,$,1024,0,1, 88

gng;

Procedyre DisplaytabelsiOivar Liinteger});

LE T

14,12 dinteger: P o8tart and fimesh limes of

#p8, B cinteger; .

1,4 sinteger; f Loep variadles for repetitive abels |

Day,Tige :Strgng!!?%; | Dale and tige for depioyzent |

Tigesiring Siring 40
) Tieh, T2¢h ($iringldn; | Charscter equivalents of T4 and 72 4
Bgin

Selectyarid{?

¥
Sefecimindon(s);
781 {0pti0n,nug,B);
Bay <= CQPr(He@ﬁar{nulis
Yige 1= Copy(Header|nugl,
Drawlexti¥(340,50,1, 'DATE:
Drawlexi¥(830,90,1, Day);
gr&s?gstiiﬁra,iiﬁ.I,Tnae};
Drasfexi¥{i5,4,1 dUsz ¥
Bra:?e:il(?S ( ] ‘E;secl M
for 134 1o 4
begin
A
DrasTentyy
BragtTexiy(
BragTexi¥(
endg:
T2 o2 1runc[
T o0 17 - 18,
s&rqf%.Itchia
Stri{T2,T2eh):
Tigesiring = ‘Current Deaplay:
3?3&?&:1!(5235?&G,%,Tisssiraug}
21 H

feh

| Graph Jdentification : Date
| Graph Identification ¢ Time

(8%
15,1
i

{ Labets shpar axes |

{6
HY
1%
L : i Labets tine axes |

L=

1287499, 2680
{ Converts times into
1=+ Tich ¢ F %o 1"+ T2¢h

Practﬂﬁrt Sheardenut0{var HoreShears:Boolean; var Tolalt ae, Rc
Catibrate: Real;ear Loca;ae; Arraypin i
var
Choies
de

hhary i Deaptes sser meny oplson
Dinteger;
Ouipeldrray Pistarray;
begin
CateOffsel({localnen, doi;
Cieders
yeitelnmWrifaly
Yeitel
¥rotein{'Currently:
yritein;

| Passes Array for pistiing |

p{*Tetal Deployment time is ', Tolaltsmeidid,’ seconds,
PLAccuBTrmesdt i’ seconds have deen displayed.’);

!
}

tharaciers |

i,
LA

cumline,
sk Lilnteger);

gk

Yridein{'Please selech one of ihe Folioving eplions ')
fretelnWritedn;

Yeited n(’ iFt} Hardeopy of srevious 10 second trsce.’) ¥riteln
Yratelal® iFEt Display of nexl 10 second perved.’]; !r;telm
Yritein(’ {3 {hange filter characieristic’); ¥rstelm
Yritsin(’ §E§£ Change fyll scale shear vailue’ ! ¥riteln,
¥riteial’ 5 Baturn fo Tyrbulence sgb-Feng,'’ §;¥rste!w
Peaditng Choicel;

Sead{ibha, Choice);

Case Choree of

£59: beqin
Clpsss:
Yrotelins¥ralein;
Vriieini‘?!eass ensyre prigter o8 on-line.’|;
yriteln{'Hil ¢RETURN> lo siart plot');
Repeat unlil keypressed;
K HER i Sets parameters back 18 seconds |
L-40; 1L 08 value parameter - does’nd effect globals |
Setupsrapﬁncs o
For 4 :: % 1o & ds

!
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Program TRACE (Page 8)

hegin
for 4 :c 4 ols 1021 4o
Begif
Ouipglhrray(Jd. 0] = Je{1/800%;
gai;a;ﬁrr&yi& 21 o Latinrates (0757128 eilocalneg ML BY - do),
R
&f g 3% then
hagig
L2 §
L.:%,#?
ghd
ead;

ie L?F then Fitisr(Quipultrrarl;
Pioitracei0{Ouipuidrray, i)

gnd:
aisplaylsbcisie{i}
Hardcopy(faise, 8);
Leavegraphic;
ShearfenuiQiHoreshears TotaiTine AccuaTime,
Calibrate, iacaﬁue: Vo 6L
ead;
§60: HoreShears 1= trus;
161: begis
LPFaenu;
Shaarﬁenai@iﬁesesneafs TotatTige, Accunlae,
Calibrate, Laas peg, b, 4,8, 00
and:
§52: negin
¥retelnd boler sayisug valye 760 3hagrs expacied:’
Readin(Baxsheary;
Baxshear @ : gaxshear € & | Calculates p-p valye |
Ehear&@na%@iﬁ@reShearngﬁisiIiaﬁséccaa¥aae,
Calshrate,tocatuen, i d, L, Lh
gad:
§53: ﬁ@r§$h&ats 1z false
eRg
sad;

Procedere catoShearhresei®ivar Localuemdrraypls;
var Cabibrate, Totaitige feail,
¥ar
Shearhrray :Plotarray: | Array of 1024 vertices {2 seconds] |
RoreShears (Boolesa; { Flags user selecied tersination |

Abort sChaes { Fiags yser selecied termination |
de tinteger:
f.d,8,1 tinieqger; { Losp variables {
X hecugTine  (Real; i Returns accysuialed time |
29in
ga&aﬁ?fzei{i§€§i§§§q§c;;§ Caleulates ¢ coaponsnt |
IR}
Cirsers
gritetn¥ritein;

RoreShears o: irug
hecualine :: O
¥ritels:
zfsgagﬁi’?&%aé geplovment lige i85 ', TolatVimesdit,’ secondgs.’ |
rriele;
Yritoigi®Press (RETURNY to commence Srgce of firgl 10 setsnds”);
ritels{® o0 G % o retyurn fo Heny'l:
feadiniiberils
1# Abort = 7Q° then MoreShears iz faige
Ihiie HoreShears 99
begin
Selupbraphicstl
Far b 121 ie & 4o
Begin
fecymTige ': Recymiige ¢ 2.0; .
for J 12 1 to 1024 do

hegia
hearAreayfd, 8] 1o Je{1/5091;
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Program TRACE (Page 9)

rrasz 2] i Calidraten{B.75/128) x {Localmes™{L K] - de);
%2% ihen

en
&? i?? then Fitier{Shearhrray)l:
23@1??3¢%§@€$h&5?ﬁ??3? 3

and:

@gs; aylabelsit{ty;

Repeat Untid ﬁeysresseﬁ;

Leavegraphic, )

ghear%enﬁiaiﬁereshea?s,Eetai?Ele,accalT;:elCaiibraisgiocaiﬂeu.l,J,K,{}
3]

gad;
P?%@%ﬁﬁ?& caleShearTraceivar Turdfile:Turddstafetie):
cons
1027: P oDenaity of sep galer i Kg Dt cubec mElre, |

; 5, §Z§£ §t 1 Probe foseglipnal ares 10 $dqvare seires, |
3@?

incaiges thrraypin; pnternal array 1o waximege plsl apeed |

}

feyvad 1Ghar, b ¥elue ralypned fros waesr rapul |
Plateplios  :{hae: { Siga:ficant Dyle of ecsape sequence |
Calibrate ;Real; | Calibrateon ceadficyent ¢85 fyactopn of gspead |
Speed (Rezh: P Fatl speed for caééﬁr%%aaa perposes |
ii1e sinteger: i Humber of 128 Byle records o8 datafile
Tigse 1Real: | Belurang isial deplovment fimp |

begia
CErsce:
¥riteia:
¥rai§%a{ Piease snter the gvseage f3ll-speed '}
Yredefn{®of the vehicle 38 ig/3]°h
Fritein:
Seadinispeedy; o
gr %@;n{ Please enter ihe calibration coefficient of the profes’}s
Filein:

¥eadin{Calivrate);

!rsleis;irsie§a !r;tein ¥ritein;

%aiébialg ‘: 1;{533abraigspsalssr§Speeﬁ§!; [ Defines cal, coefficiand |
Pitein

Yritelni’ Flease enler maximsm eipecied shear ¥aleec’ )]

?saﬁ&a{&&xaﬁ&afﬁg

Begilecst mea}

FeadTupn?fil e{?a Fhiiie,locaipeg,Se28); | Reads Fite 1nlo apray }

Time ;= Size ¢ 0.2%%;

LPF 1z falae P 189 Pass fiiter of7 By defaudl i

Clrserm¥ritetn,
rasteinf riease selscl one of the foliowing 0plisasi’l)
riteln;¥Yriteln ¥eitein;

griteipt® {Fid Display irace ia | second seqmeats.’di¥riteln;
yriielnd’ et Diapiay trace o 10 second segpenis.’ii¥eiteln:
Gead{tnd,Piptintionl; .

Eas$€zbﬁ;?i&%ep%:aa}i

§réisia;§fs%§§a€ Oo voy wiah 10 Fiiter ine dals ? IV/Mi Y

Read{ing, feyvally

17 Beyval ¢ °Y ‘%52&?5 LPF 12 trge:

18 Beyyal ¢ ¢ lhes LPY o trep

P8 LPE then LPFReNY;
CASE Plotlnlven OF .
%S%z caicﬁhzar&rfayii%@caﬁas@aﬁs%éaraiagisggL
’ 881 catcShearhresyifilocaines, Calvbrate, Tinel;

en8;

?Eaaaagfgar{&@aaiaa§ Sizel;

Disposeiiocalneg);
gad;

?Zazééngg TuebAengivar AnotherFile:Goglean);
LT



&
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be

end
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Program TRACE (Page 10)

Ploteptins (Lher P Segnificant Dyte of scsape sequente |

gih

Cirger:

¥eiteln;

Yriteln{ SUB-RLHY 144

Yritpin]’«mounran LN

Yritelal Yurbulenss é&?i?éﬁ Geaoh Selectsen’ 37,
Yriteia{' (Deplovaent ¥o.”:47,0plson, .1}

YriteinsWrotain;

Writein{'Piease seiect one of the folisming functhions:’};
Yritela, ¥rileln; ) )

gr;%&;n{’ [Feg Trace oF shese Bagnilude s Sige.’ i
riieln;

irsiein{’ {Fai Select Yurbuleace Dals from anoiner depleyment.’);
¥rilein:

frétein{’ {13} TR H

Read(ibg, Plotaptisnl;

3
Fead{fbd,Piotoplionl;
GASE PloiOption OF
§59: bequa
calcSh:arTrace(?sranalaE
LurnScsﬁiﬁaslherfatai
eng:
$8%: Anciherfile o= True:
B69: Anoiherfile ¢z Fatse:
zaﬁ

iﬁiHHWSHNHEH%ENHHH%S%EEHHSNHHHHEHHNH%%§§E§E§§§§§§§§§
Haih progras 1}
ii“iii%ﬁﬁi§§§§§§i§§i§§§§§i§§§§§§HHHHHEHEHHHHiiiiSﬁiiﬂ%ﬁﬁ““i

i
faitbraphice;
Leavebraphic
Eep o: False t lastialoses Eeror flag }
Boredats :: ??@s,
S@i&gﬁ&a&a?¢
thosselurdfeie{Turbdata, errl;
Eﬁ%?% forebala 2nd pol Err g2 ] Erpor ogcurs gt EOF ¢
£9iR

TurbBeny (Koredataly

1§ Borelala thes

begin
Chessefurhfile{Turbdata, frrl:
it a0l err then

begin
Turphens{foradaial
gnd
snd

a4
Yrestalnn¥riteing Progras TRACE terminaled.’):

1
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Software Reference: Program SPECTRUM

progras Speclrus{input, sutputl;

1yne

Bireciory = Sirmg
fale = 3%?;3@{3@§
Datearray - Arravid.. 8] of Dale;

Slarage &?rayia LG4 ot resl

FETFite ¢ 2ide of Slorage;

Turbdatafiie = file:

THeeclor = Array(0..2087) of reai;
Tersarray = Aresyll. . 484,9, 4271 of byly
Arrayolr @ *Tyrbarriy;

Thvectorpir = *TRvector;

Dm0
rantm

81 typedef.avs |

I

I &1 graphix.sys 3

L & kernel.syg | L

{ &I windoEs.ays } {s Graphics include files &}

i 81 finderlig.hgh |}

i 41 axys.hgh ]

i 8§01 polygon.hgh |} '

T 88 FFTRL, 1HE 1 (z Hymerical seihods 1)

P 4 BEALFFT.INHC {2 include files. g

yar

Byffer chrpappie; ! Segmented array of farbulznce dals )

grr (Beolean; PoRssigned te valadity of seiected f:ignzme |
Boredals  Boolean; b Fiag for User terminatlion }

Peigt rBaniean; PoPrial gplios

Sgppress  iSaelean: Pointerference seppression of shesr dala |
Optien Lhars boUser seiected input file |

Header shatehrray; PoArray of depioveent siabesdics |
Fitepath Direciery; E Birectory of spurce dala !

Turbdata  Turddatafsie Hey frie gith lurbuiznce data |
Jweriay Procedure SetypBeader;
¥3r
i sinfeger;
Pain (Text;
Headerfle :Yextis
Sereepline (Siringldd]
begia
AsgigniPath, *DataPath.pas’);
Resal(Faihl;
Eead{Paih Felepainl;
Ciose{Psinl;
AssigniHeaderfie,Filepath ¢ '3\ Header.pas'lh:
%@3&%{%&&@&??3&%;
fepeat
Readin
?ea§§§
ﬁais eadertiel;
Close{Headerftel;
Erase{Pailhl:
£faseiﬁeaézr§ 3]
¢ad;

{He%@&r?%a Sereeniinel;

g%} Eagg{i:re&n vpe, 37,288y 1 Sels up array fer Beaph 1D
* 3

EOF £H

Gyerbay Pracegure ChooseTurifitefvar TurdfiierTurddatafiily
var invaligfite:Bosiaan);
var
. Exttite sitrisglity P oPath and sake oF sxlerny) pressure file |
ggin
ggrsc?;
gritein dritels;
¥retein{'Please seiect deploymeni sumder fo B¢ analysed.’};
Uritels{’'tntar nusber {1-8)'}
Yriteln;yriteln;
Read (Xdd,0ption);
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Program SPECTRUM (Page 2)

Extfife oo Filepaih o °% Turd” » Dphion ¢ '.pay’,
?§§s§a(?ﬁrh?§32§Exi?éie};
?§?§§{E§?§§z§§§e

£
fnvatidfete o2 (f0resudt ¢ 83 F Errer o go exlernal fole found |
FP fnvalicFile hen
begin

Erilela;

?réiein{’caﬁa@% Fing Dala fate TURDS Oplisa,’.PAR.CY
¥rilelnd Prags any Koy 1o reiurn 1o Hain Hemy.'l;
Bepeat until Leypressed
end
gnd;

Overlay Procedurs ReadTurbhiite(var Turbfile:Turbdatatile;
var A:Rpraypir;var Fiesizerinteger);

begin )
Resed(Turbtilel;
Flegyze sx Filesize(Turbfilel;
Blockread{Turblile A" Flesize);
gtsse(TﬁrbiaEeﬂ

end;

Qveriay Procedure Filushiutder{var Ararraypir;var Lengtihilatagar),
ks

4.t 1integer; P Leop varisbles |}
Begin
Yriteip ¥pitein;
Yeiteia{’Clearang Hegary...' s

for 4 312 1 19 Lengib 4o

Begip -

for ¥ o1z 0 15 127 46 AT1SE) 12 G

gnd

2ad;

Hs”ﬁ“%HH%SHHEEEEHHH%H{SHENEEHHEEE“MM%%%sm%”“i%%gwizﬁﬁ
§ 0 The foliowing procedures produce 3 plat of 1he lime sverzged Foyer g1
¢ Specirus of ihe segmented lurbulence data Fite,The segment lengih 1]
18 foxed at 2048 Bytes {4 second sectrons).bach segment 19 singoved, 1}
¢ tranaforsed u%10g 3 1074 radexd FTY, converied to a pover specirus i}
§  using ihe firéct ¥elch meihod and ?ana§lr added te the array helding ¢
1 ihe aceysuiaied avepage specirus. 1}
illliiillll!illllll!i!ii“il!l!lii!H!EIHI!lii!illil!!illlii!iﬂl!lii!i!!i}

o, L AL Skt SPUTES A A SRR

ynction Log{x:Real] ¢

24
beg o baiadsin)ifia{ioy;
endg:

F
be

Overtay Procedure Saveplot{FFT:Sioragel:

LETy
Savedffy @ FiTie: ! Stprage for FFT |
i ¢ integer: fLeon variable |}
Yame : Siringid]:
a&g
iiglnd’ Inpul noee of storage file {8 teilers max V'L
%ea@?a{ﬁaae:
433 §ﬁ§$§¥é§§?? Fitepath ¢ °%" ¢ dape + * . ¥F0° )
?a§rzi§§3&¥eﬁ???
§ra%ei$aveﬁ??‘§ 1351
@3@{3&@@@?¥?}
¥riteinl*File 53?5@.‘h
end;

Overlay Procedure CalceRAS(FFT:Slorage};
¥ip

Caax :ointeger; | Rumber of components eithin band |
; : Integer; | Loop variadle |}
831 :

Beal: P Band limitong freduensy |
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Program SPECTRUM (Page 3)

K5 1 Realy i Intergrated spectrum |
begtn )
CirSeriyriteln;

Yrilein{"Enter band-limit frequency:’);

Yrite!n{ Fimax) : 200HzZ.'},

Readin(Fmax);

FRax iz Fmax/0,2438, i Componentis spaged at 2438 Y1 )
Clax :6 Round(Fmax);

for | = O to Cmax do MS :: NS + FFT[I);
LR 0.2438 1 Hs;
Yriteln; )
yritela(’ean Square shear over given dand i3 * A5:6:4,° per second.’);
yriteln;¥rateln('Press any ey Lo contiaue,..’);
gepeat uatil Xeypressed,;
erd;

OverYay Procedure ComponentTable(FFT:5torage);
yar

Horetables :Boojean;

Keyval sChar;

1, d,K sinteger;
First freq (Real;
begin

Norelazhles :: true;
Clrseriyriteln;¥riteln; )
Iratelnéfinter fowest component of interest:’);
Readin(First);
yriteln;
12z Round(First/0.24338);
Freq = | 10,2438
Yhile woretables do
begin
irser
For J - § 10 5 do Yrite(’F[HZ] A T
Priteln;
ForJd iz 1 to 5 do ¥rite{*—— ——=— ']}
Yriteln;
For J iz 1 to 20 do
begin
For K 1z 4 10 5 do
begin
?rate[Freq Moty FFTDIE ')

Freg :: Freq + 0.2433,;

end;

Tritein
end;
Yrileln; ,
Vr;leln( Press (RETURN> to display next page of * Q * te quit.’);
Repeat until Keypressed;
Read(kbd, Keyval);
It feyval = *Q° then Morelabies :: false,
1t Keyval = 'q’° then Noretabies :: false,

end
end;

Procedure AxisMenu({var Linsar,Quei:Booiean;var FFTreselts:Storage);
var

FirstByte :Chary | First Byte of escape sequence |
) Axisopleon :Char; | Signidficant byle of ecsape sequence |
egin
Cirsers
Yritein;
yritein;
yriteln{'Please select one of ihe following options:’);
Yriteln,¥yriteln;
yritein{’ FI} ¢ Display Spectrum {Linear Scale] )i¥riteln;
Yritein{’ Display Specirum {Log S¢ale)’) i ¥riteln;
:rg{e}u ' Printout of previous desplay.’],¥riteln;
ritels(’

Tabulate amplitude componsats,’);¥riteln;
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Program SPECTRUM (Page 4)

yritein{’ [FS‘ + Save current Seectrum’ ) ¥rileln:
¥ritehn{’ {rs 1 Calcudate Hean Square shear.')i¥ritein;
¥ritela{’ FT} :+  Return 1o Maun Hepu.'d;
yritelai¥ritein;
Read (X4, FirstByte),
Read(Xbd, AxisOption); .
:hnie {Axiseptioncgs9) or (Axisopliony$gs) do
egin
Yriteln{’tavabig dption,’}; )
¥ritein(’Ptease select appropriate funciion:’);
Read{Kkhd,Firsthyie);
Read(Kbd, Axisoption);
end;
Case AxisOption of
9 ¢ Lipear iz trug;
§60 & Linear :: false;
161 ¢ begin
Print :z trie;
yrateln; ¥riteln; _ .
¥riteln('Please ensure printer is on-line.’);
yritein("Press any Xey when ready 1o ¢ontinge.’);
Repeatl untii Xeypressed
end;
62 : begin
CoaponeniTabie(FFTresults);
AxisMenullinear Guil,FFTresulis);
end;

163 1 bega
Saveplot(FFTResyl3);
g:isnenulllnear.aust.FFTresults):
end;
§64 : degun
CalcRAS(FFTResults);
gxisﬂenu([;uear.ﬂu:1.FFTresults;;
end;
$6% ¢ Quil = true;
end
end;

gro;edure Iaterpolatedl: Integer;var DataArray:Storage};
2gin

ﬂatakrrarll-1l 1z DataArray[i-2};

DataArray|[i et} i= DataArray[l+2];

dDalaArray[ll 1= DataArray{t-V]+ (Dataarray[i+i]-DataArray[i-4])/2;
end;

Procedure Findnoise{DataArray:Storage;var Higgestiinteger);
var

4 tinteger;
Frequency 1Real;
begin

Biggest iz 5;
for 4 22 6 10 900 do

begin
éf DataArray(Jdl > DataArray[Biggest] then Biggest :: J;
end;
Frequency :< Biggest 1 0,2438;
:riteln;!r1teln{'Largest component 18 al ', Frequency:5:1,’ Hz.’);
end;

Procedurt Filternoise(var DataArray:Steragel:

1ar
I,Biggest  :infeger; | Loop variadle |
F 1Realy
Suppress Char;
hegln
yppress :: ‘Y%;

ghi!e Suppress = 'Y’ do
8gin
indnoise(Datakrray, Biggest);
yriteln(*Suppress Lhis component ¥ (Y/N):');
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Program SPECTRUM (Page &)

Readikhd, Suporessl:
é? Sgppress o 'Y Lhes fatsrpolate{Bigpesi, Databrrayvl;
#nd:
¥ertein:
yritetni’inter vaige of 2ay oiher ?rqueneg te be suppressed 'y
Yrilelnd®or press " 0 * 1o continuer®y;
geadiaill,
¥hile f ¢ 0 do
begin
P oy FUO, 3808
3 o1c Round{f};
interpotatell Batadrray):
??ai&mg‘é?ai&!ﬁ,
¥roteln(“Enter next frequency ip be suppressed or press O to continue:’);
§e3&§n{£]
en

end;

Gveriay Procedure Floispecirumivar FFTresulis:Steragel;

Feegueasy  :Real;
bay,Time :$iriaglidl;
begin
Quit s fabse; P initiatoses 1oep condstigns |
Prigt i: faises
Syppress iz false;
Arvemengdionesr, Gued, FiTresgils)
ghile nol Al do
Begis
Frateinc¥retelni o you vish to suppress interference?’}:
grileind’taput {Y/¥):7):Readiibd, SuppreasCHil;
19 SuppressCHR = °Y' then Suppress = lrug;
1% Suppress then Filternoise{FFTResulis);
¥riteln;
yriteln(’ ﬁrat 8.1
Frequency
Componentiil,
Component |,
for | = 24

consi
geitaf - §.2438;

¥ar
Cemponent  (Plotarray; } Array 1o be plotied |
Linegr (Haolean: i Deagtes Scaling choige |
Qust (Boolean; | tndicates end of routine i
SuppressCHR Thars | User selecied suppressog i
b tnteger; 1 Loop varsan! e }
L cipteger: i Used tan "wal® procedure |
Hig tipieger; g Dersved from deplovnent seleglad

§

}
Freguency valye for gach poper ¢ogponent |
identrfication of Spectrum piel §

i

N

1 Frequeacp.

Pl { Supress d.c. comesnest §
34 é §OS060 ctepations = 2202 3

Begin

Frequency o= Frequency ¢ delial,
fomponent{t, 41 ¢ Log{fregquency};
%4 i&ﬁear $hEn

heg
t@mp@n@n%ii 2} v FRVressiisii-t1h

N
L
$

gnd
£i3e
kegin
Componentit, 21 o Log {FFTreopiisii-iil
enﬁ
254
Eﬂi@?%?&?ﬁecg
be pe{¥aanglih/d

FineWindon{t, truncifmaggin/t
trgncd{ifnanglise
Befine¥indeni?, truncidnaxsing?
) truse{{Znaxgine
Befineuoriddl, 0,000, 1000,0)
selec1¥;a&at{2%
$eiBackground{d};
Findeorid(2, Cenpoasns §60,1.2,1.8};
5e!§et!11d¢!{2},

0y, iry ¢,
937401, i?@nc{{?aaxgiﬁﬁ§§ji§3};
81, irwnc{?saxgi%i &1,
917907 trunef (YmaxgiBad} /10,
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Program SPECTRUM (Page &)

fragBarder:
Setlnesiyl
SrasAxesil,
bragPsivg
Seiscivor
Selaclein
BaleX¥{is

2

¢

B [
Fiiel” !
s¥rilel’: Pomer Spacirun
(Eritel’ :
¥eilef Spectrai’y; § Labels Y-Axis i
; rite{ Densly’l;
(3

Gotadv {3
Goterviz
GoteXY {9,
¥,
3

e
-

i
§
}
g
H
s
H
g

B
4
®
21
3
E
i

BeioXY(Y, 31,

b Ligsar i

begin

gsts!?{g;itjgirlte{'f dijdz’y:

gh

£lse { f represents Spectral densily |

hegin

BolsAVIEh 11l ¥ritei'Log
gaiai?i%%§§2§;¥ra%e{°&$!
end;

33{5?& on, Hug, Codel:
Bay o G@??Eﬁé&ﬁef
Tige x Capviliea
Bragfexnty

{
&,
&@%azYéggﬁ
pragfexi¥i
Brapleai¥(
i Print th
Priat o faize:

Bepeal Uatil Key?r@ss&@;
Leavebraphs;
Axishenu{linear, Buitl, Ffiresyliis),

#a4
2ndg;

ER Y

]
b4
: ai 0.8 ity;

¢ red ! : N\ ‘
] 1 t Graph tdentifacation : Dale !
4 §§&

Y

g
50,80,
LIRS H
1190
21 ¥
58,128
14,445 | Graph tderlidecation ; Time |
gn Har

Gverigy Procedure Init FPUstorelvar Averageffl:Steragel;
EETS

H :iai%ger; § Lotp variabie |
-Begin

far P o= 0 to 2047 do

begin
é@ar@gﬁ???{ 112 & PoImitialisey sterage array |
2

284,
Overtay Procedure WisdeudataiFFidata; Niveclorpir)y
var
LE] sReal: b #anning ¥indor coefficoeni for 2ach data pmeni |}
i,d sipteger: | Losp variadie |
begin
zriiz%n{’?éﬁﬂagéﬁgs@a‘?
g&éf_‘s 0 %s 2047 40 | Significand dala peints of 204%p1 array }
5849
¥ :2 {9,512 g% - ¢pa] Fepielf? ﬁé? Py, § Handing wingow functiovs |
FETdata™Mil :: fn s ?F? ’i [N
4t d o8 i
eng
sad;

Ovarlay Procedure calchodulussquaredivar Felpsult, iafesult: Thyeclorpir);
vap

3 tlgteger: i Loop variabie |
pegiy

fop 1 s B 16 20AT 48

%@Q%%

ieamm 111 o= 3qr{ReResuli™[i) + Sqr{imfesuit™in

ga

shd
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Program SPECTRUM {(Page 7

Qveriay Procedure AverageSpecirumivar FFTouiput:THeectiorpir,var Averageffl:
Storage;var Faclor:integer);

yar

i rinteger; i Loop variable |

begin
?rstela(’&reragsag.,.‘s; ! Average is saintained by Buitipiting §
for § 12 0 1o 2043 4o i eath ters By ihe nuaber of segaenis |

hegin
iverage???il; sz AveragefFT[I + {1/Facter s FFToutpetPI]}
&0
end;

Procedure FFTransforsdaiafvar Segmentnumiinieger;yar AverageffT:Sierage;
¥30 BuffercArraypir;var Cal:brate:esl)

PafF
inyerss iBz0tean; | Bectares lransfors iype:{laverse o Forsvard} i
teror dBrie; | Returns frror aialgs after FFT 4
Guitoplson  Char, { Flag 1o delest fermenalion |
1.4, EL tiniegar; | Loop varsables |
Gffaet sinteger; ] Used to enter correct rovw of Duffer areay |
FFidata cTHvectorpir: | Passes dala o Radixd FFT algorsine |
;n??&nlt sTHyectorpir, | Array for 1® values of FFT saput |
egIR

PHyerse 1o false

gritels:

Yriteln{'Press *0° 4 voy 7:i8h to abert transfers.’);
far 1 1z 4 o Segmeainus do
begin

if Keypressed Lhen

Begin :

fead{ibd, quiteption}

1f Guitepieon - @ ihes halkl
End;
griteln:
gryiein{*Transforming segeest ', 1),
Keg{FFTdala);
:e!{I;IESﬂiiii

AN 1 Fengs relsvent row in buffer afray |

Begi poHormalise #ith |
FPTdata™dl o« (11/255)n(Butfer | {Leaffsel) ,Ki-128)); 1 1/28§ factor, |
x'-:u . | 128 13 d.c. |

end

end:

v.n&o:&ata{???éaia].

Yritein{ Performng FET...° )

BealFFT{P048, taverse, FFTdata, isresult,Errer):
calcﬁe&séassquareé[?fieata iir&Sﬂlti.
Dispose{imresuli];
AverageSpecirum(FFTdatla, AveragefFT Segmentnugl,

Dispose{FFidaia}
end
£ad;
Frec:éure caleSpeciruaivar Turbisle:Torbdatadilel;
cons
poz 1027 i Yaler densstly in Ky per cubic metre |
4z 5,027E-%; | Croess seciienal ares of prode |
1ar
segmeninyg :integer; | Humber of seg:enis dgepends on deploysent 1ime]
Size tinteger: | Humber @f 129 byle records 1n datafale |
i sinteger; { User selecied segment number |
Calibrate :Real; { Calibration coefficient is fusciion of 3pésd ]
Speed 4 $11H | Fadl-speed for calibration |
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Program SPECTRUM (Page

8)

AveragefF7T :5israge; boArray of
FEYdata Tdvectiorpir:
Begin
Clrger:

¥eilein ¥riteln;

gpiteln{’The foltoging sapst values of faii-

susgaied FFT°s

inpul/Butput array dor FFT pescofure

speed and deplovesat Lipe’)e

gritelnl’sust be cblasned from ihe pressure characierishiss.’};

Yriteln;

??2§§§ﬁ§ beaze egler he pverage Tal
¥ritelaf of the veligie ot {&/s51:°);
Feadin{fpsedl;

ﬁ?zi&ia;

Yritetn( Plesse enter the Calibration
¥rotein{ of the turbuience probe: '},
Beadin{fal:bratel;

riteln; ¥reteln;

boapeed ')

spefticient’y,

Calibrate o= t/{CalibraterpsAnngr{speedll,

Rew{Bufferly
ReadTurbiiie{Turbfile, Buffer, Size},
Seqmentnus :: teunc{size/is); i
1§ Segmeninul ¢ § then
Begia

gritein{ ' There 13 asufficient dals

i Reads file inlo array

| Delernines nuaber of 2045 byte |

segments availibie, ]

is perfore a transfors.’);

Yrijetni geninon #3ta 3ize iy 2048 bvies.’l;

¥ritein;
groteln { Fress zhy Hey te relurn in

neng.

Sggﬁﬁﬂiﬁ i3

N
K

Repeat Uslit feypressed
854
gise
hegin
gritein{’Eater nyaber of sequmenis f¢ b2 analysed:’};
griteind’ (% Segment ¥ 4 secs of data. )’}
Yeitelna{’ {faxisug i3 °,Seqneninug,’
ritein:
Reagip{iiy;
gnite (THC0) or Tirseameninus) do
Begih
¥?%iéiﬂg§?sﬁéﬁ {*invalig sslection,
Yreleinl inter punber of segmenis:’
Readliai{li};
end;
Se;neataua : iy

tnit fFTStare(Avera;eEF?;.

FFirEnsforndata{Seqnentnus, averagefFT, Buffer Catibralel;

FlushBuffer{Buffer, Sizel;
Drspose[Buifer):
Biotspecirya{averageffil

gasficant Byte of ecsage dequencs |

1% and aame of evlernad array 1o be plabied §

Yiswing funciiens:’l:

ens
£ag;
Pencedure TurbHeau{var AnsiherFile:Bosieanl;
Yar
Firstfvie :Char: i First byie of escape sequence |
Pioleplion  (Char; 1T
FETHilenme Directory: | P2
FFispecirug 15%0rages 1 taternad name of array |
SavedFit ‘Frie of Storage; | intersal aame of {file |
Yegin
Qi?%%f“
riteln:
§ra%e£ﬁ{‘ $ug- ﬁﬁ&ﬁ**%%}
LR R22] EAER e
??ii&%ﬂ{’f%?bu ehoe @2?@&@& Graph Selectien’ B7)
¥riieln{’ (Depioveeatl 85, ' 147, 0plaon,”. 'l
¥ritein¥ryiein
§?§2§§B§’??é§§§ spigsl one of 1he fol
Hriteln ¥riteln;
!ritei&t £y
geiteln{’ Fe Seizel Turbuience

¥ritein;

Pisl of tige avtraged Foger Specirug.’l;¥ritein;

3t3 fros aznoifer deployment.’};
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Program SPECTRUM (Page 9)

yritein{’ iF3]

Fiot specirum of previcusly processed dats.’);

i}

¥eitelng
¥riteind’ [F43 ety
Readifhd, firsthyle);
Beadiing, Ploteptionyy
CASE Ziaifption OF
§59: Begin
catelpectirug{Turidals):
TerbienefAnstnerdiie)
£0g;
860 ﬁn@i%erFais tz Trgs:
§6i) hegin ! Pists specirum of previsusiy saved #FT
¥rat§%ﬁ;§?iteia;
¥riteini’Enter path and nage of file to e ploiied 7}
froiein{ {File nust have suffix JHEL)°)
Readin{FFifilenne};
?ifs%a{Saved?i?.?f?f;ien:e;;
Resei{BavedFFi1);
bEled
1 i0eespit - O then
begin
Read{3avedFFT FiTspectirusl;
Cloze{Savedfil),
PlotSpectram{FFispecirysl;
31
else
beg:n
grotein{*Cannel find Data fyie 7 FFTTilengel;
Yritelnf Press any Key 14 contenge.’ )
5?&3?3% until Eevpressed;
o :
;@r neihnotherfiie}
g6 ﬁﬂ@ihé??s 11 False;
#54
gnd;
§i&ﬁ%ﬁﬂ&iEEEHEHEH?MHEHHEEHEH;EM“NHH%HESHM&H§§§§§§§E§§§Eii§
i1 £3in pragris
i§NHHNEHHHHNHNHHHHHHNHHHHEHiEHHEMHNHH%HEHHi
begin )
tnitéraphie; P Initratises geaphics |
LeaveGraphic; § Temporarily leaves graphies |

Ere iz Faise:

Horebala iz True

Selupheader:
Chogselurbfole{Turbdats errl;
¥hile dorebala and nel Lre 4o

{ Sets yp array for graph

begin
Turbdenu{¥oredais); { Select analysis routing |}
14 Berebais inen
begin
chooselurbtite{Tuerndats, Err),

if nol err then

%é%sﬁ
urbkeny{oredaia)
end
end
eag:
grs%e§m;§r;1eiﬁg'?r@§fa§ SPLLTRUR terminaied’},
Bnd,

PoUser seleeds inpul dats file

tgentification |

i
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SHEAR TRACE GENERATED DURING FIELD TRIALS
(ST. HELENA BAY)
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TEMPERATURE PROFILE : HOUT BAY
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PRESSURE CHARACTERISTIC : HOUT BAY
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APPENDIX 35(c)

POWER SPECTRUM : HOUT BAY

Powar Spectrum ]

[ DATE
_i .3 47
4 CIMIL eea
—_ -D.3%d
N -
™ 5 H
-t <
E‘ ~ -i.i‘i‘j{
g 7 1
B n -
B o ]
N - az
.E%'c =¥
-
] - WYt
& 1 A A a‘." ,r!‘ﬂfﬁﬂai“"
-7 3 R i 1
W -z g J\ f "“fﬁfﬁv‘ ;u- r t ‘33
5 “q
: ?
S =
T
i t i
1.8 1.8 168
Frequency [Hzl

= Spectrum derived from average of 5 consecutive 4 second
segments over depth interval 5 - 23 metres,

« Frequency spectrum over range ! - 100 Hz corresponds to
wavenumber spectrum over range 1.1 - 111 cycles per metre.
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APPENDIX 35(d)

SHEAR TRACE HQUT BAY

i4m) Bandlimited to 100 Haz:
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