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ABSTRACT

This thesis describes the development of a free standing, maintenance free
anemormeter which has no rotating parts. The principle of operation is based
on the wind drag/force around a hollow P.V.C. pipe. The am 1s to
demonstrate how the smain occurring in the P.V.C. pipe, due to wind
drag/force acting on it, c¢an generate an electrical signal which can be

mathematically manipulated 1o determine wind velocity and wind beanng.

OPSOMMING

Hierdie verhandeling beskryf die ontwikkeling van 'n vry staande, onderhoud
vrve windmeter sonder enige roterende onderdele. Die wind se drukkrag
veroorsaak m spanmng i die P.V.C. pyp. Hierdie spanning word mn 'n
elekiriese sein omgesit wart wiskundig gemanipuleer word om die wind spoed

en wind rigting aan te dul.
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CHAPTER 1

INTRODUCTION

This thesis describes an investigation into the design and implementation of a reliable no

rotating parts wind velociry and direction indicator.

The most common wind velocity and direction indicators are the conventional Cup
Anemometer and hinged/pivoted Wind Vane. The most notable disadvamage of these
meteorological instruments is that they contain rotating mechanical elemen:s which require

periodic lubrication and maintenance.

Mr. D.N. De Beer from The School of Electrical Engineering at the Cape Technikon

commuissioned this project with the following major objectives .

1 To design a solid state Anemometer unit with no rorating parts.
i) The unit shouid be maintenance free.

iii) The unit should be suitable for data logging interfacing.

1v) The unit should be designed to gather data on wind velocity and

wind bearing for the display read-out.

Most of the relevant informstion for the unit designed was obtained from technical

1

Literarure, provided by varicus Technical Institutions as well as the Research an

49

18



Telephonic and written correspondence with various individuals involved with similar
design projects as well as specialist Electronic Component Manufacturers, provided
relevant data and application notes on related research projects. Furthermore various
Marine Development Companies presented useful applied application documentation

relevant to fulfilling the design criteria for the unit required.

The objectives of this thesis report are therefore : -

i) To provide background information on the various Anemometer
units that were investigated.

i) To provide a detailed description and analysis of the proposed
Anemometer unit.

iii)  To provide field test results.

iv) To draw conclusions regarding the feasibility and practicality of

the completed unit.

The report commences with Chapter 2 by providing background information on the
various Systems and transducers researched in the literature survey. This chapter also

provides a basic schematic description of the actual proposed syvstem.

Chapter 3 covers an investigation into the concepts involving wind and turbulent transfer

and describes the method of manipulating the orthogonal wind vector components 1o

translate wind pressure into wind velocity and wind bearing.

o

Chapter 4 provides a study into the fuid dyvnamics/mechanics and behaviour of the

P V.C. pipe anemometer unir when subjected 1o wind/air flow. The dimensional design

parameters of the P.V . C. pipe anemomerer unit are 2nalysed and expiained.



Chapter 3 describes the strain gauge transducers, strain gauge bridge configuration and
orientation considered for the design in conjunction with the 'wind induced stress/strain

sensing' P.V.C. pipe Anemometer unit.

Chapter 6 describes the analogue signal conditioning of the P.V.C. pipe mounted strain
gauge bridges. This chapter also describes the analogue method of cbraining conditioned
'clean’ analogue wind vector voltages for the digital conversion and microcontrolier

manipulation process.

Chapters 7 and 8 cover the hardware design. implementation of soffware digital

interfacing, microcontroller and support circuitry, display read-cut and 'data caprure’.

Chapter 9 describes the power supply circult designed for system power support.

Chapter 10 outlines the problems encountered during the implementation of the svstem

and recommendations proposed for improvement of the design. This chapter contnues o

describe the environmental effects on the operation of the designed enemometer unit.

Chapter 11 provides information on the 1est procedures as weil as the tabulated test

resuits

Chapter 12 covers the conciusions thar were drawn and recommendauons proposed for

further application of the system.

+ 0 . > » P ‘9 0
* 0’000
000 0’0 0000’0 0’000 ’00 ’ .



CHAPTER 2

THE SYSTEMS/TRANSDUCERS INVESTIGATED

This chapter describes the basic arrangement of the proposed system. It is necessary 1o
incorporate mechanical moving part anemometry in this survey since substantal
information on geometric design parameters and on the measurement of wind
velocity/bearing has been extracted for use in the design of solid state anemomerry. Basic

diagrams of the anemometers investigared are included in APPENDIX AL

The major tvpes of anemometers mav be classified as mechanical. thermo-electric,

pressure and acoustical,

In order 10 meet the requirements the following anemometers were investgated. Theyv are

split into distinct categories © -

i} The Ventimeter Mechanical

i) The Cup-Anemometer Mechanical

iii) The Hot-wire Anemometer Thermo-electric

iv) The Sonic Anemometer Acoustical

v) The Pressure-sphere Anemometer Pressure

vi)  The Drag Anemometer Force/Pressure

vil)  The Sirain Gauge Anemometer Force/Pressure

viit)  The Piezo-electric Anemometer AcousticalPressure



Furthermore, the following transducers were investigated : -

i) Foil-strain gauges
i) Semiconductor-strain gauges
iii) Piezo-electric transducers

iv} Pressure transducer integrated circuits

Research also incorporated a study of siress/sirain-sensitivity and elastic behaviour
exhibited by meral-alloy and P V.C. pipe members. A comprehensive investigation into the
tfluid dvnamics/mechanics of structural pipe members related to air-flow was undertaken
and is covered in detail in Chapter 4 The metal-zlloy and P.V.C. pipe anemometer units

constructed were ;-

i) Stainless-steel Anemometer Prototype 1
it} Aluminium-alloy Anemometer Prototype 2
iii) Aluminium-alloy Anemometer Prototype 3
iv)  P.V.C. pipe Anemomerer Final design

Based upon the above survey the unit was designed and constructed according 10 a
strategy derived from the method emploved by the Drag Anemometer (vi) and the Strain

Gauge Anemometer {vii).

are closely related. The method of emploving strain gzuge Transducers for the transiation

e, , : A ; T o o et o
O wind-1NQuced sIress sirain ioree o wind veiodny E.."d Oearing 18 Nereiore Used in e

in A ; ey : ; : ~m i ! aprA mmarHamaaries e
3iramm Celecnion Curcuiry. TL‘.C: wind v2CIOor signais are condmoned z2nd matagmaeanucaiy
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manipulated using appropriate C and Assembler language software programs for the data

capture process and the display read-out.

2.1 Principle of operation. advantases and disadvantages of

the Anemometers investigated

2.1.1 The Ventimeter [ 1]

This imstrument is the simplest instrument for measurning wind velocity. The opening is
directed into the wind. Wind force causes a disc to rise up the body of the instrument. The

height to which 1t rises is proportional to wind velocity.

The exterior of the tube is graduared so that wind velocity can be read off directly. It is

primarily a hand-held mechanical device.

Conflicting with thesis objective : -

i) The mechanical moving disc.

Advantages : -

1} Modular applicarion.
11} Robust construction.
i} Portable umnit.

) Easiest 1o use.



Disadvantages : -
1) Not accurate ; it can seldom be exposed to areas of clear wind and the readings
obtained are not necessarily those of true wind velocity.

i) It only measures wind velocity.

2.1.2 The Cup Anemometer [ 2 & 3]

This system employs the use of three revolving cups. The most common units employ the

use of a reed switch to translate the rotation of the cups into a wind velocity.

The generator system is aiso fairly simple. The cup assembly dnives a small dvpamo and

the magnitude of the voltage generated is directly proportional to the wind velocity.
More modern methods employ the use of a cup assembly rotating a toothed wheel which
interrupts the light path between the light and photocell. These pulses are counted at fixed

ume intervals and are converted into wind velocity.

Conflicting with thesis objective : -

) The mechanical rotating cup assembly.

Advantages : -

1) Modular application.
1) Robust construction.
) Most reliable method of measuring wind speed



Disadvantages : -
1) Intended for use in the horzontal position only.
1) Tend to overspeed due to non-linear response to
flucruating winds.
#1)  Has a rorating mechanical cup assembly which requires periodic ubrication and

maintenance.

19
-
| 5]

The Hot-wire Anemometer [ 4 |

This 15 a solid state wind speed sensing svstem using a variatlon of the Kelvin Effect. An

[
e

element is electnicaily heated 10 a remperature just above the ambient air temperature. The
wind 1s then directed through holes in the transducer casing over the elemenr causing it 10
be cooled and a compensation current 1s needed 1o bring the element back to its onginal
temperature.  The amount of current drawn is proportional to the wind speed blowing

aover the element.

Advantages : -
iy Solid state, no moving pars.
i) Sers of Hor-wires can be oriented so as 10 measure the three directional

components of wind movement.

1) Maintenance free.

Disadvantages : -

& @iven Sot-Wire procd must be

Y Calibration is complicared. For accurare work

o

I~
th



2.1.4 The Sonic Anemometer | 5 ]

This anemometer is among the newest developments in anemometry. Extensively used at
Athlerics Sporrs meetings for determination of wind assistance in track and fleld events.
The principle of operation is based on the theory that sound travels faster from an emitter
10 a receiver in the direction of the wind and, conversely, iravels more slowly against the

wind.

for the generared

174

The main componenss of the instrument are transmitters and receiver
sound waves and circuitry for measuring phase shifis and for frequency adjustments. The
speed of sound varies with factors such as air temperawre, water vapour pressure and

armospheric pressure.

With three sets of emitters and receivers oriented in the x, v and z directions, it is possible

o)

t0 derermine three orthogonal components of wind velocity simultaneous!

Advantages : -

i No moving parts.

i) Maintenance free.

ui)  Robust constructicrn.

v) Relatvelv low power consumprion.
¥) Agcurate

Disadvantages : -
1) Requires accurate cailbranon

; MRS ~rr
anemomsater output at zers wind veladiny.



it} Sensor configuration, circuitry and set up procedure is extremely critical for
accurate correlation of wind velocity.
11} Expensive ultrasonic transducers are required to eliminate zero reading variation

with temperature.

2.1.5 The Pressure-sphere Anemometer | 6 |

This anemometer is also referred 1o as the anemoclinometer. It can be used to measure

downwind, crosswind and the vertice! components of wind velocity simultaneously.

It consists of a small metal sphere with electronic pressure sensors placed in holes facing
directly into the wind and at ©0° angles to the main axis. Pressure differences between the
vanious sets of holes are used 1o calculate the three dimensional wind velocity vector

components.

Advantages : -

1) No moving parts.
iy Maintenance free.
&y Accurate electrical outputs o the pressure ransducers can be analysed 10 give

orthogonal components of the wind vector.

Disadvantages : -



2.1.6 The Drag Anemometer | 2 |

Rapid fluctuations of wind speed in three dimensions can also be measured with the Drag
Anemometer. The drag force of the wind on an aerodynamic shape is proportional to the

square of the wind velocity.

This force can be measured by the deflection of a strain gauge attached to an object held
perpendicularly to the wind. Since the wind is not constant in direction, three mutually
perpendicular wind sensing elements with strain gauges attached can be used to resolve

the instantaneous wind velocity and direction.

Advantages : -

1) No rotating parts.
i) Maintenance free.
1ii) Accurate.

iv) Measures wind velocity and direction.

Disadvantages : -

) Critical signal conditioning is required to convert small signal varation into wind
velocity.

1) Requires adequate temperature compensation and remote sensing of the

anemometer output at zero wind velocity.
iit) Cumbersome transducer assembly housing.

v) Not easily transportable as the frame mounting and wind sensing elements make

this an extremely buiky anemometer.



2.1.7 The Strain Gauge Anemometer | 7 |

A feasible and inexpensive strain gauge anemometer was researched by the Georgia
Institute of Technology. This anemometer, however, was never developed. This is a
highly specialised design and involves a system where wind vector components are

manipulated to determine wind speed.

The unit consists of a vertical steel rod, one end of which is connected to the intersection

of two horizontal paper-thin steel beams and the other end has a sphere attached.

The force of the wind generates a drag on the sphere which is resolved into North-minus-
South and East-minus-West displacements of the thin steel beams. These displacements
are sensed by strain gauges and vector voltages Vn-s and Ve-w are produced, which are
proportional to the drag on the sphere. Since the drag on the sphere varies with the
square of the wind velocity, Vn-s and Ve-w are proportional to the square of wind

vetocity, This squared relationship assumes a constant Drag Co-efficient on the sphere.

Analogue multiplier integrated circuits, summing and logarithmic amplifiers then condition
and manipulate the wind vector voitages to determine true wind velocity for the analogue

display meter.

Advantages : -

1) Solid state.

11} No rotating parts.
1) Maintenance free.

1v) Accurate.

29



Disadvantages : -

1) Measures wind velocity only.

1i) Analogue electronics used demands/requires extensive calibration techniques for
signal conditioning and manipulation.

1) Mechanical design of the anemometer unit is delicate.

2.1.8 The Piezo-Electric Anemometer | 8 |

This anemometer was researched but according to Syrinx Innovations Ltd. of Edinburgh,

Scotiand, was not feasible for development.

The device consists of a solid wind deflector cylinder which has four smailer identical
hollow tubes equispaced zbout the wind deflector column  Each tube is open at the top

but closed at the bottom by a film of polymeric piezo-electric material.

Wind blowing across the open end induces Helmholz resonance of the air column within
the tube and hence movement of the film at the bottom. The average output of the four
films is a function of wind speed, and the relationship of the output amplitudes from the

several films indicates wind direction.

Advantages : -

iy No moving parts.

1i) Maintenance free.

1ii) Solid construction of hardware unit.

iv)  Good design.

30



Disadvantages : -
1) Requires accurate a.c. signal conditioning.
11} System needs crucial protection from environmental elements such as rain and

snow, to prevent tubes from filling with water.

Other wind indicators researched were the conventional pivoted wind-vane for measuring
wind direction as well as a variety of propeller anemometers. Although these systems have
rotating parts, the research material provided valuable insight into the orthogonal and

geometric properties of wind-flow and the measurement thereof.

The second part of the initial research covers the important aspect in converting
mechanical displacement of the wind detection unit into electrical signals as a function of
the wind vector components imposed on the hardware unit. A literature survey,
substantiated by experiments with various transducers used in air-flow measurement was
conducted.

2.2 Principle of operation, advantages and disadvantages of the

transducers investigated

2.2.1 Foil Strain Gauges [ 1]

A resistance strain gauge is a device which experiences a change of electric resistance

when it is strained. It is almost always connected in a bnidge configuration.
The strain gauge measures force indirectlv. The resistance strain gauge 1s a resistive

element which changes in length, hence resistance, as a force applied to the base on which

it is mounted causes stretching or compression. [t is perhaps the most well known
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transducer for converting force into an electrical variable. The foil strain gauge consists of
a thin wire of conducting film arranged in a coplanar pattern. (Refer to Chapter S :

Figure 5.2)

The gauge is cemented to a base or carrier and is mounted so that as much as possible of
the length of the conductor is aligned in the direction of the stress that is being measured.

Foil type gauges are produced by photo-etching techniques.

The resistance change with strain of a single strain gauge is small compared to the initial
impedance value of the strain gauge. Strain gauges are therefore connected in a
Wheatstone bridge configuration (Refer to Chapter 5 : Section 5.3 : Strain Gauge

Bridge Configurations)

Strain gauges are low-impedance devices. They require significant excitation power to
achieve reasonable output voltage levels. A typical strain gauge bridge will have a 350 Q
Impedance and is specified as having a sensitivity in terms of millivolts per volt of

excitation at fuil scale.

The maximum excitation potential, as well as the recommended potential, will be
specified. For a 10 Volt device with a rating of 3 millivoit per volt (3mV/V), 30 millivolts
of signal will be available at full-scale loading. The output can be increased by increasing
the drive to the bridge, but self-heating effects are a significant limitation to this approach.
They can cause erronecus readings or even device destruction if prolonged {Refer to

Chapter 6 : Section 6.2.5 ; Bridge Excitation Programming of the 1B32 AN)
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Advantages : -

Inexpensive.

Extensive range available.

Linear response to measured strain.

Accuracy.

Durability, uniform quality, large current capacity.

Seif-temperature compensated.

Disadvantages : -

1)

i)

Small differences in the temperature co-efficients of the bridge elements are
responsible for temperature sensitivity thereby limiting the performance of the
strain gauge. This necessitates the control of the excitation current to
prevent thermal drift.

Requires high quality, low level signal conditioning

2.2.2 Semiconductor-Strain Gauges [ 1 |

These devices have been derived from foil-strain gauges. Bridge types are pre-assembled

from individual gauges and output a voltage. They have outputs that are ten times higher

than those of the foil variety and impedances in the order of Kilo-ohms. It is often

necessary to use a current source for excitation o as to minimise temperature induced

effects.

Advantages T~

1)

Sensitivity is far greater than that of foil-strain gauges.

33



Disadvantages : -

1) Expensive.

it) Fragile.

iit) Lack of ductility.

v) Increased non-linearity and sensitivity to temperature.

2.2.3 Piezo-electric transducers [ 1]

Piezo-electric force transducers are employed where the forces to be measured are
dynamic (continually changing over short period - usually of the order of milliseconds).
These devices utilise the effect that changes in charge are produced in certain materials

when they are subjected to physical stress.

Piezo-electric devices produce substantial output voltage in instruments such as
accelerometers for vibration studies. Output impedance is high. Thus charge amplifier

configurations with low input capacitance are required for signal conditioning.

The output of a piezo-electric transducer may be modelled as a voltage source in series
with a small capacitor. Step inputs of physical force result in an effective capacitance

change.
Advantages : -

) Inexpensive,

1) Suitable transducer for vibration studies.
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Disadvantages : -
i) Requires low bias-current charge amplifier configurations for signal conditioning,

i) Responds to a.c. signals only.

2.2.4 Pressure transducer integrated circuits [ 2 & 3 |

Pressure transducer types measure flow by monitoring the change in pressure between a
static reference pressure and a flow induced pressure, or pressure drop across a

constriction.

There are three general categories of pressure measurement : - absolute, gauge and

differential.

Absolute pressure devices measure pressure with reference to zero pressure, (vacuum).
Gauge pressure is measured in relation to ambient (sea-level atmospheric pressure, or an
arbitrary level). Differential pressure transducers measure the difference between two
pressures and, of the three types, were most suitable for use as a sensor for wind

Mmeasurement.

Advantages : -

1) Accurate.

11) Robust.

11) Temperature compensated.

iv)  Low power requirement.



Disadvantages : -
i} Very expensive.

11) Response is non-linear.

2.3  The Structural Pipe Members investigated

Three prototype anemometer units were constructed and tested before the final P.V.C.
pipe anemometer unit was designed. A brief description of the design of prototypes 1, 2

and 3 and their limitations is provided in the following paragraphs.

The fluid mechanics/dynamics of the P.V.C. pipe member chosen for the final design is not
discussed here but is covered in Chapter 4. Furthermore the properties of the materials

used are provided in Appendix B.

2.3.1 The Stainless-steel Anemometer unit

A prototype stainless-steel hardware anemometer unit was constructed by bonding eight
active strain gauge transducers to the circumference of a stainless-steel pipe (height = |

metre ; diameter = 25 mm).

Manual stress/strain experiments were conducted on the pipe. The stainless-steel
anemometer unit was subjected to considerable tensile/compressive stresses. The stainless-
steel pipe member was subjected to a considerable amount of "finger tip” induced
force/pressure (which is far in excess of hurricane wind pressure), before a bridge output

swing of | mV p-p was achieved.
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Considerable strain gauge bridge output signal amplification was necessary (gain in excess

of 5000). This caused amplification of small signal offset and inaccuracy at smaller strains

{or generally, at lower wind velocities).

Advantages : -

1)
if)

iff)

Resistant to corrosion.

Robust, high tensile strength and elastic limit.

Stainless-steel has a tensile strength of 1295 MN/mZ2.

(Refer to APPENDIX B : Properties of materials)

Mean wind pressure at hurricane wind velocity is 1.388 KN/m?2.

(Refer to Chapter 3 : Figure 3.1)

Hence, the elastic limit of the Stainless-steel pipe was never in danger of being exceeded.

{Refer to Chapter 5 : 5.1.4 ; Elastic Limit)

Natural heatsink for transducers. Has a high thermal conductivity property.

(Refer to Chapter 10 : 10.6 : Thermal dissipation of the strain gauges)

Change in length of the pipe in the environmental temperature range (0°C to 40°C)
for this design is negligible : -

(Refer to Chapter 10 : 10.7.2 : Effect of temperature on the stainless-steel anemometer unit)
Disadvantages : -

Too rigid, not elastic enough for translation of strain-related wind pressure : -

(Refer to APPENDIX B : Properties of materials : Young's Modulus)

37



i) Metal structure, good conductor of electricity. Has a low resistivity property.
Susceptible to lightning strikes.

(Refer to Chapter 10 : 10,7.5 : Susceptibility of the pipe members to lightning strikes)

2.3.2 The Aluminium-alloy Anemometer units

Prototype anemometer units number 2 and 3 were constructed from aluminium-alloy.
Physical dimensions of prototype 2 were identical to the prototype 1 stainless-steel unit

and comparative tests were conducted.

Prototype 2 employed an alternative strain gauge configuration using four active strain
gauge eclements and four temperature compensating dummy gauges for the bridge
completion circuitry. The dummy gauges were bonded to the aluminium pipe to control
temperature induced strain. Stress / strain experiments yielded an improvement in strain-
sensitivity but signal amplification required a gain of 5000 which distorted small signal

offsets.

A prototype 3 Aluminium anemometer unit was constructed, with physical dimensions (h
= 1.8m d = 25mm), with eight fully-active strain gauge transducers bonded to the
circurnference of the pipe. A slight improvement in strain-sensitivity was realised but
limitations in the elastic nature of aluminium proved that considerable signal amplification
was necessary for successful translation of strain related wind pressure from the aluminium

pipe.
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Advantages ; -

1)
it)

iif)

Resistant to corrosion.

Robust, high tensile strength and elastic limit.

Aluminium-alloy has a tensile strength in the range 320 - 550 MN/m2.

(Refer to APPENDIX B : Properties of materials : Tensile Strength)

Mean wind pressure at hurricane wind velocity is 1.388 KN/m2.

(Refer to Chapter 3 : Figure 3.1)

Hence, the elastic limit of the Aluminium-alloy pipe was never in danger of being exceeded.

(Refer to Chapter 5 : 5.1.4 : Elastic Limit)

Natural heatsink for transducers. Has a high thermal conductivity property.

(Refer to Chapter 10 : 10.6 : Thermal dissipation of the strain ganges)

Change in length of the pipe in the design temperature range (0°C to 40°C) for
this design is negligible : -

(Refer to Chapter 10 : 10.7.3 : Effect of temperature on the aluminium anemometer unit)

Disadvantages : -

D

Too ngid, not elastic enough for this apphication : -

{Refer to APPENDIX B : Properties of materials : Young's Modulus)

Metal structure, good conductor of electricity. Has a low resistivity property.

Susceptible to lightning strikes.

(Refer to Chapter 18 : 10.7.5 : Susceptibility of the pipe members to lightning sirikes)
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2.3.3 The P.V.C. Pipe Anemometer unit

A final P.V.C. pipe anemometer unit was constructed. Eight fully-active strain gauge
transducers were bonded to the circumference, near the base of a P.V.C pipe (height 1

metre ; diameter 40 mm).

The design was supported by moderate strain gauge bridge signal amplification (333.3)
and required a bridge excitation of 4 Volts. The P.V.C. pipe was subjected to a constant
air-flow ranging from 0 m/s to 40 my/s, in the experimental wind tunnel at Stellenbosch

University.

Recorded results proved that the unit operated with efficient linearity throughout the

tested wind velocity range. (Refer to Chapter 11 : TEST RESULTS)

Advantages : -
1) P.V.C. is resistant to corrosion.

ii) Robust, high tensile strength.

. P.V.C. has a tensiie strength in the range 30 - 70 MN/m2.

(Refer to APPENDIX B : Properties of materials).

. Mean wind pressure at hurricane wind velocity is 1.388 KIN/m?2.

(Refer to Chapter 3 : Figure 3.1)

. Henge, the elastic limit of the P.V.C. pipe was never in danger of being exceeded.

{Refer to Chapter 5 : 5.1.4 : Elastic Limir)
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1ti)

Improvement in elasticity over Aluminium and Stainless-steel units previously
tested. (i.e. improvement in linear tensile or compressive stress for P.V.C)

{Refer to APPENDIX B : Properties of materials : Young's Modulus)

P.V.C. is a good insulator. The resistivity of P.V.C. exceeds those of metals by a
factor of 1022, Therefore it is not as susceptible to lightning strikes as aluminium
or stainless steel.

{Refer to Chapter 10 : 10.7.5 : Susceptibility of the pipe members to lightning strikes)

The change in length of the pipe in the design temperature range (0°C to 40°C) is
negligible. P.V.C. has a lower Co-efficient of thermal expansion than Stainless-
steel and Aluminium-alloy.

(Refer to APPENDIX B : Properties of materials : Co-efficient of thermal expansion)

Therefore, the change in length of the P.V.C. pipe with temperature changes
1s smaller for P.V.C. than for the Stainless-steel and Aluminium-alloy pipe

members.

{Refer to Chapter 10 : 10.7.1 : Effect of temperature on the P.V.C. pipe anemometer unit)

Disadvantages : -

)

Aluminium and stainless-steel have higher thermal conducuvity factors than P.V.C.
This characteristic allows them to operate as a natural heatsink for resistance strain
gauge transducers bonded to them.

(Refer to Chapter 10 : 10.6 : Thermal dissipation of the strain ganges)
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i) Bridge excitation supply voltage in excess of 5 Volts can be applied to the strain
gauge transducers without effecting the performance of the transducers. The
same does not apply for the P.V.C. pipe.

{Refer to APPENDIX B : Properties of materials : Thermal conductivity)

Bridge excitation in excess of 5 Volts will cause temperature-induced apparent strain as a
result of unstable transducer performance due to temperature rise in the gauges (I2R loss).
This i1s a potential source of error but can be controlled by reducing bridge excitation
supply voltage to 4 Volts or less, and by correct selection of strain gauge transducers and

transducer bridge configuration, which is discussed in greater detail in Chapter 5.

2.4 Proposed Design Svstem

This section covers a basic description of the proposed design system. Figure 2.1 1s a

schematic representation of the designed anemometer unit and support devices.

2.4.1 The Anemometer

A hollow P.V.C. pipe, with height = 1 m; diameter = 40 mm mounted vertically and

solidly fixed at the bottom end.
2.4.2 The Transducers

Strain gauge transducers mounted equidistantly at North, South, East and West points on
the pole circumference monitor changes in stress at precise sections on the pole

circumference.



The gauges are self-temperature compensated and specifically dedicated for the type of
material that they are attached to. The gauges are effectively 120 Ohm precision resistors.
The gauges, when attached to a specimen will exhibit a change in resistance when the

specimen is strained.

Resistance change with strain is small when compared to the initial value of the strain

gauge resistance, thus strain gauges are connected in a bridge configuration.

Two strain gauge bridges are provided on the P.V.C. pipe, a North/South Channel bridge
and an East/West Channel bridge. Two separate excitation voltages are applied to each of

these channels and each channel is monitored separately.

2.4.3 Signal Conditioning

Two high quality low-level analogue signal conditioning channels are required to provide
excitation over long leads to the remote pole mounted N/S and E/W channel bridge

configured strain gauges.

The signal conditioning allows remote sensing over these long leads for fixed excitation.
The N/§ and E/W channel bridge outputs are then amplified, chopped and filtered before
the clean signal is applied to two separate A/D converter channels (2.4.4), one for the

N/S channel and one for the E/W channel.

2.4.4 Analogue-to-Digital Converters

The clean signal is applied to two separate A/D converter channels, one for the N/S

channel and one for the E/W channel, and a digital voitage output is derived.
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It is essential to note that an analogue offset voltage of 19.53 mV represents 1 least
significant bit for the ADC stage as frequent reference to this design criterion is mentioned

in proceeding chapters.

2.4.5 Manipulation of conditioned signals

The conditioned digital ADC wind vector signals are then applied to an INTEL 80C32
Microcontroller and support circuitry for mathematical manipulation to deterrmine wind

velocity in the range 0 m/s to 35 m/s and wind direction for the display (2.4.6).

2.4.6 The LCD Display

The display provides a read-out of bridge offset adjustment, wind velocity in m/s, wind

direction (8 compass positions) and wind angle/bearing in degrees.

2.4.7 RS-232 Serial Port

An RS-232 Serial Port is also provided for data logging of the wind velocity information

to an IBM P.C. for recording purposes.
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CHAPTER 3

WIND TURBULENCE AND TRANSFER

This chapter describes an investigation into the concepts involving wind and turbulent
transfer. It is beyond the scope of this work to discuss the many large scale and local

seasonal patterns of winds that prevail in different climatic regions of the world.

A brief outline of the orthogonal components of wind pressure transfer is provided and

related to the proposed design.

3.1 The Beaufort Scale [1]

Of the many scales used to express wind strength, that devised by Admiral Sir Francis
Beaufort in 1805 and now known as the "Beaufort Scale” has been most widely adopted
internationally. This scale, which divides wind velocities into 17 strengths, is given in

Figure 3.1 (overleaf).

As for the wind direction, this ts usually expressed in terms of points of the compass, but
is often convenient to express it as a bearing in degrees (00 to 3600) reckoning north as

zero and measuring the angle in a clockwise direction.

The P.V.C. pipe Anemometer unit was designed to record wind velocities in the range 0.9
m/s (Light air, Beaufort number = 1) to 39.2 m/s ( Hurricane wind speed, Beaufort

number = 13). Refer to Figure 3.1 : THE BEAUFORT SCALE OF WIND FORCES.

Furthermore, the unit was designed to record 8 wind compass bearing positions. They are

. - North, South, East, West, North-East. South-West. North-West and South-East.



) DESCRIPTION . MEAN - | AVER
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7 Teeewasasireaaes 109t0 118 | 12610136 | 201.6t0217.6 | 36.1t0 612 | 2489.76 58.7

Figure 3.1 : THE BEAUFORT SCALE OF WIND FORCES
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3.2 Desion parameters : Necessarv points to note

The proposed wind measuring instrument will translate the wind-induced drag/force
subjected to a hollow P.V.C. pipe into wind velocity and bearing. Although the proposed
system will be capable of accurate operation over a wide temperature range, conservative
temperature range limits between 00C and 400C were chosen for the design. Hence, the
proposed system must be able to operate as efficiently for example at the North Pole as it

should at the Equator.

3.3 Wind Vector Analvsis : Wind Velocity {2]

This is best explained by the fact that wind behaviour can be seen as a current of air which
produces an augmentation of pressure on portions of fixed or constrained bodies, in this
application, a hollow P.V.C. pipe. This wind force can be divided into North-minus-South

(N-S) and East-minus-West (E-W) wind vector components.

Figure 3.2 is a graphical representation of these wind vector components.

For the design, wind velocity readout will be 0 m/s when both these vectors are zero. As
soon as the wind measuring instrument detects wind pressure and translates either a N-§
or E-W digital voltage offset for the analogue to digital converter stage of one least

significant bit a resultant wind velocity and wind bearing is registered.

The resolution for the analogue to digital conversion stage is 19.53 mV. The ADCO0820 s

an 8-bit analogue to digital converter integrated circuit (Refer to Chapter 7 : 7.2.1).
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The resolution for the ADC0820 is calculated as follows : -

ADCO0820 Resolution = 8bits <> 28 = 256 discrete digital voltage levels

ADCO0820 analogue input voltage range ( selected )} = + 0 Volts to + 5 Volts
Therefore : -

3+ 256 = 19.53 mV = one least significant bit for the ADC0820

Wind pressure is proportional to the square of wind velocity. In this design, a resultant
wind vector (wind pressure) can be derived from the N-S and E-W wvectors. The
relationship for this would be : -

Resultant Wind Vector = [ (Wind Vector N-S)2 + (Wind Vector E-W)2] 1/2

The Wind Velocity relationship is : -

Wind Velacity = [ (Wind Vector N-S)2 + (Wind Vector E-W)2 ] 1/4

And the True Wind Velocity is : -

True Wind Velocity =[ (Wind Vector N-8)2 + (Wind Vector E-W)2 ] 1/4 x C.



The Calibration Factor ( C. ) is a constant and is a combination of the following physical

properties incorporated in the designed system : -

Gauge Factor : property of Strain Gauge Transducers
Strain-Sensitivity : property of P.V.C. pipe material
Resistivity : property of P.V.C. pipe material
Young's Modulus : property of P.V.C. pipe material

Thermal Expansion Co-eff. : property of P.V.C. pipe material

Reynolds Number : primarily dependant upon dimensions of P.V.C, pipe

The Calibration factor is primarily influenced by the physical properties of the pipe
material used as well as by its physical dimensions. Initially, a Calibration factor value of

10.0 was chosen for the design.

Wind tunnel tests upon a hollow P.V.C. pipe with a cross-sectional area of 0,04mZ,
proved that the wind velocity results were linear and in accordance with theoretical
computations and formulations. The Calibration factor value was reduced from 10.0 10

4.0 for calibrated wind velocity display read-out.

3.4  Wind Vector Analvsis : Wind Bearing [3]

The North-minus-South and East-minus-West wind vector components are mathematically
manipulated using appropriate software to provide a wind bearing display read-out. The

mathematical representation of this is * -

Wind Vector {N-§8)
Wind Vector {(E-W)

y
itang = = =
X




0= tan ¥ = Wind Vector (N-S)
x  Wind Vector (E-W)

where B is a bearing between 00 and 3600, on the circumference of the P.V.C. pipe.

(Figure 3.2 refers )
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CHAPTER 4

FLUID DYNAMICS/MECHANICS

Fluid dynamics/mechanics is the science that deals with the action of forces on fluids.
Aerodynamics is a particular category of fluid dynamics/mechanics that deals with the

flow of air past or around solid objects.

This chapter describes the fluid dynamics/mechanics and behaviour of the P.V.C. pipe
Anemometer unit when subjected to wind-flow. The geometnic and dimensional
parameters of the P.V.C. pipe Anemometer unit are analysed. This chapter also describes
the terms : Drag, Reynolds number, Co-efficient of drag, Vortex shedding and Strouhal

number related to air-flow around a two-dimensional cylinder.

41 Drag

A body subjected to a flowing fluid such as wind/atr is acted on by pressure and viscous
forces from the flow. The sum of the forces (pressure, viscous, or both) that acts parallel
to the free stream direction is called the drag [1] The P.V.C. pipe Anemometer unit
designed, when exposed to wind-flow in the velocity range of 0 m/s to 40 m/s, is subjected

to drag.

The unit designed had the following dimensions : -

Height (h) = 1 metre
Diameter (d) =40 mm
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DIRECTION OF FLOW

Laminpar air-flow around a circular cylinder.

Figure 4.1 :




4.2 Laminar and Turbulent air-flow

The layer of air near the surface of the P.V.C. pipe that undergoes a change in velocity
because of wind-induced shear stress at the surface is called the boundary layer. The fluid
particles directly adjacent to the surface circumference of the pipe have zero velocity. The
tendency is for the layer of reduced velocity to grow in thickness in the direction of the
air/wind-flow. However, because the main stream of air outside the boundary layer is
accelerating in the same direction, the boundary layer remains quite thin up to the mid-

section of the P.V.C. pipe [2].

The patterns of Figure 4.1 are typical of streamline or laminar air-flow around a circular
cylinder in which adjacent layers of fluid (air) slide smoothly past each other. At higher air
flow velocities the boundary layer causes abrupt changes in velocity and the air-flow

becomes irregular.

This is called turbulent air-flow [3]. The nature of the wind-flow (0 m/s to 40 m/s) around
the P.V.C. pipe is important for the determination of linear operation of the wind sensing

unit.

4.3 Revnolds number

The P.V.C. pipe anemometer unit can be regarded as a circular hollow cylinder. When the
velocity of a fluid (such as air) flowing around a two dimensional cylinder exceeds a
certain critical value (dependant on the properties of air and the diameter of the cylinder),

the nature of the flow is either laminar or turbulent.



Expenments show that a combination of four factors determine whether flow of a fluid
(such as air) around a two dimensional circular cylinder (P.V.C. pipe) is laminar or

turbulent. This combination is known as the Reynolds number, Re, and is defined as : -

_ Yxdxp)]
n

Re

[4]

where p is the density of the fluid (Kg/m3), V the average forward velocity {(m/s), n the
viscosity of the fluid (N.s/m2), and d the diameter of the pipe (m). An important point to
note 1s that the Reynolds number is not dependant on the height of the pipe but on its

diameter.

The Reynolds number of a system forms the basis for the study of the behaviour of real
systems through the use of small scale models. A common example is the wind tunnel in
which the aerodynamic forces on a scale model of an aircraft wing are measured. The

forces on a full size wing are then deduced from these measurements. [5]

If the Reynolds number is large (Re > 2000), then the flow will be turbulent and if the
Reynolds number is smaller (Re < 2000) the flow will be laminar. There are many
reasons for flow classifications as certain types of problems (e.g. : steady flow problems

and unsteady flow problems) require different methods of solution. [6]

+4  Co-efficient of Drag for cvlindrical two dimensional bodies *

* Roberson and Crowe - "Engineering Fluid Mechanics : - $TH EDITION"

"Determination of the drag around three dimensional bedies which have angular form (e.g.
a cylinder) is calculated from a pwo dimensional projection. Thus Roberson and Crowe

. - - . R1l
refer to a cyvlinder as a cylindrical two dimensional body".
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The Co-efficient of drag on the P.V.C. pipe can be calculated if the total drag on the pipe

is measured by means of a force dynamometer in a wind tunnel. {1}

If the pressure and the shear stress distribution around the P.V.C. pipe are known, the Co-

efficient of drag, Cd on the pipe can be calculated using the following equation : -

Where Cd
Fd
Ap
p
v

Fd
Cd=-———
o (1}

Apxpx —
ppz

I

Co-efficient of drag

the total drag force acting on the P.V.C. pipe ( N)
the projected area of the P.V.C. pipe ( m?)

the fluid density of air ( Kg/m?2)

the free-stream velocity (wind velocity in m/s)

The projected area Ap is the silhouetted area that would be seen by a person looking at

the P.V.C. pipe from the direction of flow. The projected area of the P.V.C. pipe with its

axis normal to the flow is d x h. Cd is a function of Reynolds number, Re.[1]

The Co-efficient of drag versus Reynolds number for a two dimensional cylinder is

illustrated in Figure 4.2. [1]

The P.V.C. pipe Anemometer unit has the following dimensions (Refer to paragraph 4.1

! Drag) ; -

Height

(h) =1000 mm

Diameter (d) = 40 mm



The properties of air at normal atmospheric pressure and room temperature of 20°C are :-

Viscosity of air (n)=1.81x 103 N.s/m?
Density of air  (p) =1.2 kg/m3 |11

The maximum and minimum wind velocities chosen for the calculation of Reynolds

number are :-

V min = 0.9 m/s (light air-flow)

Vmax = 39.2m/s (strong hurricane wind)

Revnolds number is calculated as follows : -

Vxd
Re=  28xp [4]
N
hence : Re = 239 x 103 at YV min = 0.9 m/s
and : Re = 1.04 x 105 at V ., = 392 m/s

The Co-efficient of drag is calculated as follows : -

|
Co=—=— (1]




Cd=099atV iy =0.9m/s and wind force (rip) = 0.48 N/m2
Cd=119atV pay=39.2m/s and wind force (qay) = 1101.24 N/m2

The Reynolds number is in the range 103 to 105. Figure 4.2 illustrates the relationship

between Reynolds number and Drag Co-efficient.

The Co-efficient of drag, (Cd) is reasonably constant between Reynolds numbers of 103

and 103,

The Reynolds number at these wind velocities is greater than 2000 for the designed P.V.C.
pipe Anemometer unit and the wind-flow is therefore turbulent. In this design the
Reynolds number range is only dependant on the diameter of the P.V.C. pipe
Anemometer. The Density and Viscosity of air at Normal Atmospheric Pressure and
Room Temperature are constants and the wind velocity range was chosen. The effect of

increasing or decreasing the diameter of the pipe is explained later in this chapter.

Then, from Figure 4.2., showing the Co-efficient of drag vs. Reynolds number for two

dimensional bodies, it can be seen that Cd lies in the range 1.0 to 1.2 for this design.

The total drag force acting on the P.V.C. pipe anemometer unit was calculated as

foliows : -

_ CdxApxpxV

Fd ; [1]

Ap = h xd| * projected area of the P.V.C. pipe

th
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Where Fd is the total drag force (N), Cd is the Co-efficient of drag and Ap (m2) is the
projected area of the P.V.C. pipe. The density of air is p (Kg/m3) and V (m/s)
represents the wind velocity. Thus total drag force acting on the P.V.C. pipe at minimum

and maximum wind veloctties were computed as follows : -

Fd (min) =0.019N : at Vigin = 0.9 m/s

Fd (max) =44.05 N :at Vipax = 39.2 m/s

4.5 The relationship between Wind force and the Beaufort Scale

Table 4.1 has been extracted from the Beaufort Scale of Wind Forces, courtesy of the Air

Ministry Meteorological Office.{7]

Type of wind Average wind Average wind
velocity pressure
m/s (N/m2)
Light air 0.9 0.48
Light breeze 2.5 3.83
Gentle breeze 4.4 13.41
Moderate breeze 6.7 32.10
Fresh breeze 9.4 62.72
Strong breeze 12.3 110.12
Moderate gale 15.5 172.37
Fresh gale 19.0 258.55
Strong gale 22.6 368.68
Whole gale 26.5 502.74
Storm 30.6 670.32
Hurricane 34.8 861.84
s e ok 2 o oo gk b ok ek ok & 39‘2 1101.24
Table 4.1 : The Beaufort Scale of Wind Forces {extract)




The Projected Area (Ap) of the P.V.C. pipe is 0.04 m?2.
The wind force acting on the projected area of the pipe was calculated as follows : -

Fd=P x Ap where P = Average Wind Pressure

Fd(min) = 0.48 x 0.04 = 0.019N : at Minimum Wind Velocity 0.9 m/s

Fd(max)= 110124 x 0.04 = 4405 N : at Maximom Wind Velocity 39.2 m/s

Table 4.2 is a2 comparison of Wind Drag/Force calculations. The left hand column of the
table represents drag/force calculated from the Reynolds number and Co-efficients of drag
and the right hand column represents the drag/force calculated from the wind pressure

values extracted from the Beaufort Scale of Wind Forces.

Average REYNOLDS | Co-efficient of | Wind Force calcujated Wind Force calculated
‘Wind NUMBER drag from REYNOLDS NO. | from the Beaufort Scale

Velocity
m/s Re Cd NEWTONS (N) | NEWTONS (N)
0.9 2.4 1.00 0.019 Lower limit 0.019
245 6.5 110 0.15 0.15
4.4 11.7 1.15 0.54 0.54
6.7 17.8 1.16 128 1.28
94 25.0 1.18 2.51 2.51
12.3 32.6 1.20 441 441
15.5 41.1 1.20 6.89 6.89
19.0 50.4 1.20 10.34 10.34
22.6 59.9 1.19 1475 1475
263 70.3 1.19 20.11 20.11
30.6 812 1.19 26.81 26.81
348 923 1.19 34 .47 34.47
39.2 104.0 1.19 44.05 | Upperlimit | 44 (5

Figure 4.2 : Wind drag/force acting on the P.V.C. pipe (diameter = 40 mm) |

I
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Hence, the diameter (40mm) of the P.V.C. Anemometer unit chosen in this design is

suitable for accurate and linear translation of wind pressure into wind velocity.

4.6 The wind pattern behaviour around the P.V.C. pipe

The P.V.C. pipe Anemometer unit can be represented by a cylindrical two-dimensional
body. This sub-section covers the relationship between Reynolds number and Co-efficient

of drag and explains how this affects cylindrical bodies.
4.6.1 Discussion of Cd for two-dimensional bodies

Refer to Figure 4.2 :- Reynolds no. vs Co-efficient of drag.

At lower Reynolds numbers, Co-efficient of drag {Cd) changes with the Reynolds number,
(Re). The change is due to the relative change in viscous resistance. Above Re = 10%, the
flow pattern remains virtually unchanged, thereby producing constant values of Pressure
Co-efficient (Cp) over the body. Constancy of Cp at high Reynolds numbers is reflected in
constancy of Cd. This characteristic, the constancy of Cd at high values of Re, is

representative of most bodies that have angular form.[1]

However, certain bodies of rounded form, such as circular cylinders (the P.V.C. pipe
Anemometer), show a remarkable decrease in Cd with an increase in Re from about 103

to 5 x 105.{1]
The P.V.C. pipe Anemometer unit of diameter 40 mm, when exposed to wind velocity (0

to 40 m/s), exhibits a constancy of Cd of approximately 1.0 since the calculated Reynolds

no. range is between 103 and 105, However, practical wind tunnel tests on the P.V.C.
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pipe (d = 40mm) proved that results were linear up to 45 m/s, far in excess of Hurricane

wind velocity.

The reduction in Cd at Reynolds numbers of approximately 103 is due to a change in flow
pattern triggered by a change in the character of the boundary layer around the

cylinder.[1]

For Reynolds numbers less than 103, the boundary layer around the circumference of the
pipe is laminar, and separation occurs about midway between the front and rear of the

cylinder/ptpe. ( Refer to Figure 4.3 )

Hence the entire rear half of the P.V.C. pipe/cylinder is exposed to a relatively low

pressure, which in turn produces a relatively high value for Cd.

When the Reynolds number is increased to approximately 103 , i.e. in this design, if the
P V.C. pipe diameter is increased other parameters were selected (Wind Velocity range,
Viscosity of Air, and Density of Air at room temperature are constants), the boundary
laver on the surface of the cylinder becomes turbulent which causes higher velocity fluid to

be mixed into the region close to the wall of the cylinder. [1]

As a consequence of the presence of this high velocity, high-momentum fluid in the
boundary layer, the flow proceeds further downstream along the surface of the cylinder

against the adverse pressure before separation occurs as represented in Figure 4.4.

Hence, the flow pattern causes Cd to be reduced for the following reason : with the
turbulent boundary layer, the streamlines downstream of the cylinder mid-section diverge

somewhat before separation. Thus the pressure of the point of separation and also in the
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zone of separation occurs further upstream Therefore the pressure at the point of
separation and also in the zone of separation is significantly greater under these conditions

than when separation occurs further upstream [1]

The pressure difference between the front and rear surfaces of the cylinder is thus less at

high values of Re, yielding a lower drag and a lower Cd.

4.7 Vortex shedding from cvlindrical bodies

In this design it was necessary to investigate the vibration effects of the P.V.C. pipe

anemometer unit when exposed to wind-flow.

Figures 4.3 and 4.4 show the average (temporal mean) flow pattern around a cylinder. A
further phenomenon of air-flow around a cylinder is the formation of vortices at Reynolds
numbers above Re = 50. These vortices are shed periodically downstream at the P.V.C.

pipe. Hence, the detailed flow pattern mught appear as in Figure 4.5,

In this figure a vortex is in the process of formation near the top of the cylinder. Below
and to the nght of the first vortex are two other vortices, which were formed and shed a
short time before. Thus the flow process in the wake of a cylinder involves the formation

and shedding of vortices alternately from one side and then the other.

This phenomenon 1s of major importance in Engineering design and is of particular
importance in the design of the P.V.C. pipe Anemometer unit. The alternative formation
and shedding of vortices creates a regular change in pressure with consequent periodicity

in side thrust on the P.V.C. pipe [1}
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If the frequency of the vortex shedding is in resonance with the natural frequency of the
P.V.C. pipe that produces it, large amplitudes of vibration with resulting large stresses can
develop. The operational frequency range as a function of the Reynolds number range of
the designed P.V.C. pipe Anemometer had to be determined. Experiments prove that the
frequency of shedding is given in terms of the Strouhal number, (8S), and this in turn is a

function of the Reynolds number.

The Strouhal number is defined as : -

nxd

ST Yo (1]

where n is the frequency of shedding of vortices from one side of the P.V.C. pipe, in Hz, d
is the diameter of the pipe (40 mm) and Vo is the free-stream velocity (mvs). The free-
stream wind velocity range for this calculation was chosen as 0.5 m/s (minimum) to 40

m/s (maximum).

The relationship between the Strouhal number and the Reynolds number for Vortex

shedding is illustrated in Figure 4.6.

Reynolds number at 0.5 m/s and 40 m/s are respectively :-

Re (min) =1.33x103

Re (may) = 1.06 x 105

64



Therefore Strouhal number from Figure 4.6 is :-

S (min) = 0.222

S (max) = 0.222
Therefore at wind velocity 0.5 m/s (min) n is :-
n =555 Hz
and at wind velocity 40 m/s (max) n is :-
n=222Hz

Thus the frequency range of vortex shedding for the design is between 5.55 Hz and 222

Hz for the chosen wind velocity range 0.5 m/s to 40 m/s.

The frequency range of vortex shedding of the P.V.C. pipe calculated for these wind
velocities could be translated to measure wind velocity. However, although this method

was considered, the wind pressure-to-wind velocity translation relationship was preferred.

The ANALOG DEVICES 1B32 AN Signal Conditioner, discussed later in Chapter 6,
incorporates an integral three-pole low-pass filter (fc = 4 Hz). The vortex shedding

frequencies above 4 Hz are filtered by this I.C. package.
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CHAPTER §

THE STRAIN GAUGE TRANSDUCERS

In this chapter an investigation into resistance strain gauge transducers related to the fluid
dynamics/mechanics in tandem with the behaviour of the hardware P.V.C. pipe

anemometer unit is conducted.

No solid object is perfectly rigid and when forces are applied to any object, changes in
dimension occur. These changes of dimension are sometimes imperceptible to the human

eye and occur in things that appear as rigid structures.

The changes in value of the dimensions of a P.V.C. pipe, divided by the original value of
the dimension is a ratio called the strain and is. what shall be measured. The stramn
occurring in a hollow P.V.C. pipe, with base rigidly mounted, and erected perpendicular to
the approach flow of the wind, can provide an electrical signal which is a measure of the

strain in the pipe.[ 1]

5.1 Explanation of some basic Strain Measurement terms

5.1.1 Stress

When forces act on a body, reactive forces are induced within the body. These reactive
forces are distributed throughout the body, and the density of these forces that is, the

force per unit area, is called the stress.
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F
Stress( o )= " [1] -whereF is the Force in Newtons ( N)

and A is the Area ( m2 ) over which

the Force is applied.

5.1.2 Strain

Any relative change in dimension of a body under stress is called strain. The nature of the
strain occurring will obviously depend on the nature of the applied stress, but the strain is

measured as a ratio.

The strain occurring in a body experiencing tensile or compressive stress will be the ratio

of the change in length to the unstressed length of the body : -

Strain (e) = AL/L} [1]

For tensile stress the change in length, ( AL ) will be an increase, and ( L ) is regarded as
positive, so the strain will be positive. For compressive stress, the change in length will be

a decrease, and the strain will be a negative quantity.
5.1.3 Elastic Moduli

If a solid body is subjected to a gradually increasing stress, and if both the stress and
resulting strain are measured a plot of stress against strain can be graphically represented

as shown in Figure 5.1
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Over a certain range of values of induced stress, the plot is essentially a straight line, and

the slope of that line 1s called the Elastic Modulus (E ). [1}

stress F/A

Elastic Modulus (E) = -
strain £

[1]

* where the Force per unit area (F / A) in N/m2

When the stress is linear tensile or compressive stress, the Elastic Modulus is called

Young's Modulus (Y ).[ 1]

MATERIAL: YOUNG'S MODULUS
Steel 196
Aluminium-alloy 70-72
P.V.C 1.0-3.5

Table 5.1 (above) : Young's Moduli of some common materials.
{ extracted from APPENDIX A )

5.1.4 Elastic Limit [ 1&2 ]

When external forces producing stress and strain are applied to an elastic body and then
removed, the body will return to its original unstressed dimensions. Most materials are
elastic in this sense for small strains, but there is a limit to the amount of strain from which

a material can recover. This limit is called the elastic limit of the matenal [1]
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The relationship between siress and its corresponding strain plays an important role in the
branch of physics called the theory of elasticity, or its engineering counterpart, strength of

materials. A typical stress-strain diagram for a ductile material is shown in Figure 5.1.

The stress is simple tensile stress and the strain is the percentage elongation. During the
first portion of the curve (up to strain of less than 1%), the stress and strain are

proportional until the point a, the proportional limit is reached.[2]

From a to b, the stress and strain are not proportional, but nevertheless, if the load is
removed at any point between O and b, the curve will be retraced and the material will
return to its original length. In the region Ob, the material exhibits elastic behaviour and
the point b is called the elastic limit. Up to this point, the forces exerted by the material are
conservative; when the material returns to its original shape, work done is recovered. The

deformation is said to be reversible. [2]

If the material is loaded further, the strain increases rapidly, but when the load is removed
at some point beyond b, say ¢, the material will not return to its original length but
traverses the thin dotted line in Figure 5.1. The length at zero stress is now greater than
the original length, and the material is said to have a permanent set. Further increase of
oad beyond ¢ produces a large increase in strain until a point d is reached at which

Tacture takes place.[2]

‘rom b to d, the material is said to undergo plastic deformation. A plastic deformation is
rreversible. If large plastic deformation takes place between the elastic limit and the
racture point, the material is said to be ductile. If, however, fracture occurs soon after the

lastic limit is exceeded, the material is said to be brittle.[2]
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P.V.C. has a Tensile Strength in the range 30 to 70 MN/m?2,
(Refer to APPENDIX B : iii )

Mean wind pressure at hurricane wind velocity is 1.388 KN/m2,

(Refer to Chapter 3 : Figure 3.1).

Hence, the elastic limit of the P.V.C. pipe was never in danger of being exceeded.

5.2 Resistance Strain Gauges

Strain gauges are deformation sensitive; that is, they are able to sense and respond to a
deformation in the form of a change in finite length. The most common electrical
resistance strain gauges used universally are bonded gauges. That is, the gauge is
ultimately bonded to the surface on which the strain is desired, and is therefore deformed

along with the surface.

A foil gauge is made by etching a pattern on a very thin metal foil as in Figure 5.2. The
foil is banded to a thin base of plastic. When in use, the bonded gauge is cemented firmly
to the member under investigation, with the foil side out. An electrical current is passed
through the foil. The resistance of the element (foil) changes as the surface under 1t (and
therefore the gauge) is strained. The basic principle involved is Lord Kelvin's discovery

that a wire changes its electrical resistance when deformed.
Since the foil is bonded throughout its length, the gauge is able to sense a compressive

strain as well as a tensile strain. The resistance change, which is accurately proportional to

the strain, can be measured by appropriate instruments.
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A resistance strain gauge can be used on the surface of almost any solid engineering

material, such as metal, plastic, concrete, wood, glass and paper.[3)

Kyowa Electronic Instruments of Tokyo, Japan provide a complete line of high
performance foil-strain gauges, their application is almost unlimited and they are usable
with most types of materials of all configurations and structures.

(Refer to APPENDIX C for the Kyowa Catalogue of Strain Gauge listings)

The gauges used during the experimental stage on the Aluminium and Stainless Steel
structures and finally the P.V.C. pipe are of the SELCOM TYPE (Self-Temperature-
Compensating Strain Gauges). These are gauges in which the Thermal Expansion Co-

efficient of the foil is controiled.

These gauges are constructed from material which has been subjected to particular
metallurgical processes and which produce very small thermal output over a specified
range of temperature when bonded onto the material for which the gauge has been

specifically designed.

SELCOM gauges can be supplied in six types depending on the application. Kyowa
manufacture strain gauges for application to Stainless-steel, Aluminium-alloy, plastics,
wood , ordinary Steel and Magnesium-alloy. [4]

(Refer to Appendix C : Kyowa Strain Gauge listings page 1 and 2 : Thermal

Expansion co-efficients; Kinds and Characteristics)
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Kyowa Strain Gauges used on the Anemometer pipe members were :

Stainless Steel KFG-2N-120-C1-16 L. 1M 2R
Aluminium K¥C-2-C1-23
Plastics KFP-2-C1-65

The Strain Gauge listings explain the strain gauge coding system.

(Refer to APPENDIX C )

5.2.1 Properties of Resistance Strain Gauges

Consider a conductor of uniform cross-sectional area, A (m2) and length, L. (m), made of
a material with resistivity, P ( Qm ). The resistance R ( Q ) of such a conductor is given

by : -

A (3]

If this conductor is now subjected to linear tensile or compressive stress, for example due
to a certain wind drag-pressure/force acting on it, its resistance will change because of
dimensional changes, and because of a property of materials called piezo-resistance which

indicates a dependence of resistivity (P) on the mechanical stran {5]
If a foil-strain gauge, specifically selected for the type of material under test is firmly

applied to the surface of the material, any changes in dimensions of the material will cause

an identical fractional change of the dimensions of the foil-strain gauge.
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5.2.2 The Single-Active Axis Foil-Strain Gauge

The simplest strain gauge, designed to measure linear tensile or compressive strain, takes

the basic form as shown in Figure 5.2.

A change of dimension in the direction labelled the active-axis will cause a change in
resistance of the major portion of the gauge, whereas a change in dimension in the
direction labelled the passive-axis will change the resistance of only a small portion of the
total length of the gauge. Thus, the change in resistance, divided by the total resistance of
the gauge, will be much greater for strain occurring along the active-axis than for the same

strain occurring along the passive-axis.
The ratio of the resistance change which occurs for a given strain along the passive-axis to
the resistance change which occurs when the same strain occurs along the active-axis is

termed the cross-sensitivity of the gauge [1]

The cross-sensitivity of the gauge in Figure 5.2 is approximately 0.1, because the length

of wire along the active-axis is about ten times the length of wire along the passive-axis.
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5.2.3 Gauge Factor [ 6]

The Gauge Factor of such a strain gauge is defined as the fractional change in the
resistance of the gauge, divided by the fractional change in the length of the gauge along

the active-axis : -

_AR/R
Gauge Factor ( K )—m [6]
Strain (€ )=AL/L [6]
IAR/R=gx K| [6]

Thus, the fractional change in resistance of the gauge is equal to the applied strain along

the active-axis multiplied by the Gauge Factor.

Most gauges have a Gauge Factor in the range 1.8 to 2.2, the variations being mainly due
to slight differences in the gauge material and corresponding differences in the magnitude

of the piezo-resistive effect.{1]

5.3 Strain Gauge Bridge Configurations

Resistance change with applied strain is extremely small compared to iitial value of strain

gauge resistance. Strain gauges are therefore used in a bridge configuration.[7]

First consider the resistance change of a single gauge artached to the circumference, near

the base of a P.V.C. pipe.



M) 3 4 ¥ Eo = x Vexc

* AT BALANCE, Eo = 0 if —- =  — o
R4 R3
R3 R4-R R3=R
Vaxc] + + Vexc | +
.@w_ ~—{ Bo

R2 R1 =R{1+x) R2=R
Figure 5.3 : Basic bridge circult- voltage excitation Figure 6.4 ; Bridge used to read deviation
and voltage readout of a single variable element
* Eo . Yexc for x »» 1 * Eo = x.Vexc

2

Verc | + + O Vexc | +
Eo

Figure 6.5 : Bridge with two variable elements Figure 5.6 : All elements variable _




Kyowa Strain Gauges, fixed to the P.V.C. pipe have a Gauge Factor, (K) = 2.15 and a
resistance, (R) =120 Q . P.V.C. has a Young's Modulus, (Y) = 2.3 GPa. Assuming a
constant Wind Stress/Pressure, (o) = 1388.52 Pa, (85 Knot wind, upper Hurricane limit
for this design), subjecting tensile stress on the P.V.C. pipe, the change in resistance of a

single strain gauge can be calculated : -

The following are the known parameters : -

K=2.15 : Gauge Factor

R=120Q : Strain Gauge resistance
Y=23GPa : Young's Modulus : - P.V.C.

o =1388.52 Pa : Wind Stress/Pressure : - upper limit

Strain (¢ )= o/Y=0.6037 uc  microstrain

AR=K.e.R =15575x104Q

Hence, resistance change of a single strain gauge with applied strain is small, even when

the P.V.C. pipe is subjected to hurricane wind pressure.

5.3.1 The Wheatstone Bridge [ 7 ]

Figure 5.3 shows the common Wheatstone bridge. A bridge consists of four two-terminal
elements connected to form a quadrilateral, a source of excitation (voltage in this
application), connected along one of the diagonals, and a detector of voltage comprising
the other diagonal. The detector measures the difference between the outputs of two

potentiometric dividers connected across the excitation supply.
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A bridge measures an electrical property of a circuit element indirectly , by comparison
against a certain similar element. In this application the bridge configuration provides a

differential voltage.

When R1/R4 = R2/R3 , the resistance Wheatstone bridge shown in Figure 5.3 is at null,
iurespective of the magnitude of voltage excitation, voltage readout or the impedance of
the detector. Therefore, if the ratio R2/R3 is fixed as K, a null is achieved when RI1 =
KR4,

5.3.2 The Single-Element Strain Gauge Bridge [ 7 }

For the majority of strain gauge bridge applications, the deviation of one or more resistors
in a bridge from an initial value must be measured as an indication of the magnitude (or a

change) of the measurand.

Figure 5.4 shows a bridge with all strain gauge resistances nominally equal. R2, R3 and
R4 are dummy gauges i.e. they are not measuring strain but form part of the bridge
completion circuitry. R1 is variable by a factor, (1+x), where x is a fractional deviation

around zero, as a function of measured strain.

The relationship between the bridge output and x is not linear, but for small ranges of x it
is sufficiently linear for many applications. For example, if Vexc = 10 V and the maximum
value of x is + 0.002, the output of the bridge will be linear to within 0,1 % for a range of

outputs from 0 to £ SmV, and to 1 % for a range 0 to + 50 mV (* 0.02 range for x ).
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The sensitivity of a bridge is the ratio-to-the-excitation-voltage of the maximum expected
change in the value of the output, in the examples given in the last paragraph, the

sensitivities are = 0.5 mV/V and £ 5§ mV/V [6]

5.3.3 The Two-Element Strain Gauge Bridge [ 7 ]

The bridge sensitivity can be doubled if two identical variable strain gauge elements are
used e.g. at positions R3 and R1, as shown in Figure 5.5. R2 and R4 are dummy strain

gauges not subjected to strain and form part of the bridge completion circuitry.

If R3 and R1 are aligned and bonded to opposite faces of the P.V.C. pipe, the bridge
output will be doubled, but the same degree of non-linearity exists. Experiments with
Stainless-steel and Aluminium tubing (height = 1m ; diameter = 25 mm) as Anemometer

hardware units, using the two-element strain gauge bridge, were conducted.

Due to the nature of Stainless-steel and Aluminium (both materials are comparatively rigid
as opposed to P.V.C., which has a much lower Young's Modulus of Elasticity, resistive
swings in the attached strain gauges are small, making it less sensitive. Signal conditioning
and amplification techniques can compensate for this but the trade-off of sensitivity against
linearity, as well as bridge offset drift due to the higher bridge excitation voltage required

makes this an unattractive solution.[7]
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5.3.4 The Full-Element Strain Gauge Bridge [ 7 ]

The Full-element strain gauge bridge was chosen for this design. Figure 5.6 shows a
bridge consisting of four resistors, two of which increase and two of which decrease in the
same ratio.

Two identical two-element strain gauges , attached to opposite faces of a thin carrier to
measure its bending , could be electrically configured in this way. The output of such a
bridge would be four times the output for a single-element bridge , furthermore , the
comphmentary nature of the resistance changes would result in a linear output. This

arrangement was best suited for the design.[7]

Wind vector resultant is determined from a North-South wind vector and an East-West
wind vector in this design, and seen as two separate wind vector channels. To illustrate
how the Full-element strain gauge bridge is employed, consider one channel initially, the

North-South channel.

A full-element (all element variable) strain gauge bridge is bonded to the P.V.C. pipe.
Two identical strain gauges are attached to the North face and another two to the South
face on the circumference of the P.V.C. pipe. Stress in the pipe may be tensile or
compressive but the complimentary nature of the resistance changes results in a linear

output.
The East-West channel would have an identical configuration. Hence, there are eight

strain gauges bonded to the P.V.C. pipe, two on the North face, two on the South face,

two on the East face and two on the West face of the pipe circumference.
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Figure 5.8 : Types of strain gauges used (Photograph 1) : -

. Stainless-steel (left) : KFG-2N-120-C1-16 L IM 2R
. Aluminium (centre) : KFC-2-C1-23

B P.V.C. (right) : KFP-2-C1-63
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Figure 5.7 shows the all elements variable strain gauge bridge configuration as well as
their orientation on the P.V.C. pipe circumference, to measure bending strain in the

member.

5.4  Strain Gauge Selection

The initial step in prepaning for any strain gauge installation is the selection of the
appropriate gauge for the task. Careful, rational selection of gﬁuge characteristics and
parameters can be very important in ; - optimising the gauge performance for specified
environmental and operating conditions, obtaining accurate and  reliable strain
measurements, contributing to the ease of installation, and minimising the total cost of the

gauge installation.

So vast is the available range that it is difficult to foresee any situation for which there is
no gauge suitable. Most manufacturer's catalogues give full information on gauge
selection (Refer to APPENDIX C). Any detailed treatments would be out of context in
this thesis. Essentially, the choice of a suitable gauge incorporates consideration of
physical size and form, resistance and sensitivity, operating temperature, temperature

compensation and strain mits.

Figure 5.8 shows the three types of strain gauges that were used on Stainless-steel and
Aluminium prototype Anemometers and finally on the P.V.C. pipe Anemometer

unit.(Photograph 1)

Figure 5.9 illustrates the Engineering data sheets provided with KFP-2-C1-65 Strain

Gauges for plastics used on the P.V.C. pipe Anemometer unit. {Photograph 2)
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Figure 5.10: Strain gauge orientation on the circamference of the
strain gauge/P.V.C. pipe combination (Photograph 3)



Table 5.2 lists the characteristics of the Strain Gauges investigated.
5.4.1 Fixing the gauge to the P.V.C. pipe member

In fixing gauges to a body the prime aim is to ensure that strains in the body are
transmitted accurately to the gauge The operation is quite straight-forward but requires
care and patience if the gauge is to give reliable results. The most important feature is to
ensure that the gauge is bonded evenly and securely on to the P.V.C. pipe surface. It is
essential that the latter should be clean of scale and grease but left slightly roughened to

secure curing of the cyanoacrylate adhesive.

After lightly cleaning the back of the gauge, and applying a thin coating of Kyowa CC 33
A Cyanoacrylate adhesive (see Appendix C : Kyowa Cat. No. 3002A) to the PV.C.
surface, the gauge is placed in position and pressed evenly and firmly to remove excess
cement and air bubbles. The adhesive transforms to a solid within a minute after being

pressed into a thin film between the gauge and the P V.C. surface.

The adhesive layer must be thin, contimuous, and not subject to creep when subjected to
siress. Creep occurs if the adhesive layer remains fluid, so that the gauge can move
relative to the body surface to which it has been bonded. Final drying under radiant heat is
advisable, followed by an msulation resistance test of each gauge. The gauges are moisture

proofed with a marine standard silicone sealant.

Figure 5.10 illustrates the arrangement of the eight gauges on the P.V.C. pipe

circumference.(Photograph 3)
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5.4.2 Strain Gauge Temperature Compensation [ 8 |

The errors in strain measurement due to temperature variations can be significantly
reduced by using a second gauge to compensate for them. The earliest form of
compensation made use of the strain gauge bridge circuit to provide automatic correction

for thermal output.

The basic schematic is shown in Figure 5.11 where the active strain gauge is Rg and the
compensating gauge (or compensating dummy) is Re. It is a characteristic of such bridge

circuits to remain balanced if equal resistance changes occur in two adjacent bridge arms.

If Re is therefore mounted on a small, unstrained block of the same material as the
specimen and placed close enocugh to the active gauge location so that they both
experience the same temperature changes, resistance changes in both arms due to thermal
output will be equal, and will be cancelled in the bridge circuit. Any resistance change in
Rg due to mechanical strain will unbalance the bridge and result in an output signal. This
is potentially a very powerful form of temperature compensation and is most practical in

situations where very slow temperature changes occur. 8]

5.4.3 Temperature Compensation for the design

A special case of this compensation method is available when strain is to be measured in a
bending beam or pipe. Two identical strain gauges can then be mounted on the North face
and two on the South face of a P.V.C. pipe, (constituting a N/S channel) as in Figure 5.7

and 5.10. Gauges will also be bonded in close thermal proximity of each other.
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Bending will cause resistance changes that are equal in magnitude but opposite in sign to
occur in G1 and G2 and in G3 and G4, which will quadruple bridge output. Resistance
change due to thermal output will be equal in magnitude and of the same sign and will thus
cancel. This is referred to as a 'fully-active full bridge’ and is identical to the Full-element

strain gauge bridge previously discussed.

Hence, this type of gauge configuration is suitable for linear strain gauge bridge output
and temperature compensation for the design. Furthermore maximum strain gauge bridge

output is maintained as each strain gauge is measuring wind-induced strain.
5.4.4 SELCOM TYPE Strain Gauges | 4 ]

Improvement in temperature compensation is achieved by the use of Self-Temperature-
Compensated gauges. These are gauges constructed from material which has been
subjected to particular metailurgical processes (see Appendix C) and which produce very
small (and calibrated) thermal output over a specified range of temperature when bonded
onto the material for which the gauges has been specifically designed. Gauges chosen in

this design for the P.V.C. pipe were Self-Temperature-Compensated for plastics.[4]

5.5 Strain Gauge Bridge Balancing

Thus far the self-temperature-compensated gauges for plastics have been selected. Two
gauges bonded on the North face and two bonded to the South face of a P.V.C. pipe
connected in a full-bridge configuration, represent a North-South channel strain gauge
bridge. A further four strain gauges are bonded in the same way to the East and West
faces of the P.V.C. pipe forming an identical but separate East-West channel strain gauge

bridge.
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In the discussions of the various bridge configurations, it was assumed that all arms of the
bridge have equal resistance, so that the bridge output is zero. However, in practice
resistances differ slightly in value because of manufacturing tolerances on the gauges.
Strain introduced into the gauges during fixing or static strain in the P.V.C. pipe member

must be ignored in the measurement of strain changes.

In spite of these differences, the required bridge output voltage must be zero before
application of stress to the P.V.C. pipe. The adjustment of the output voltage to zero is
termed bridge balancing. In the design, bridge offset voltage required at static stress
conditions had to be less than 19.53 mV (1 L.S.B. for the analogue- to-digital conversion

discussed later in Chapter 7).

Consider the bridge circuit of Figure 5.12.

For the open circuit output voltage to be zero, the voltage drop across R2 must be equal
the voltage drop across R1, that is, the ratio's R2 AR3+R2) and R1 /(R4+R1) must be

equal.

Under these conditions the reciprocals of these ratios are also equal : -

R3/R2 =R4/R1

For the bridge to be balanced, the ratio of values of the upper and lower resistors in each

side of the bridge must be equal.
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5.5.1 Single Arm Bridge Balancing [ 1]

A possible method of balancing the bridge is shown in Figure 5.13.

The resistance of one arm of the bridge, in this case R1, is chosen to be somewhat less
than the resistance in each of the other arms, (about 10%). A potentiometer, Rp, having
an overall resistance about 20% of that in other arms is connected in series with R1. The
total resistance Rx of that arm of the bridge can be varied by £ 10% about the nominal

value of the other arms and can be set such that : -
Rx/R2 = Rgl/Rg2

The bridge output voltage will then be zero. This method is used in many strain gauge
measurement applications but is not suitable for this design. Four strain gauges are used
as arms of the bridge in this design and it is not convenient to choose one gauge with a

lower resistance than the others.
5.5.2 Apex Bridge Balancing [ 1 ]

An alternative method of balancing the strain gauge bridge is shown in Figure 5.14.

In this case, the potentiometer Rp can be connected so that movement of the wiper
increases the resistance of one arm of the bridge and simuitaneously decreases the other to

achieve the required balance condition.



5.5.3 Parallel Balancing { 1]

This method of strain gauge bridge balancing was chosen for the proposed design. A
10KQ; ten tum wire wound potentiometer, Rp, with resistance tolerance + 5% was
placed in parallel with two arms of the bridge to cause simultaneous increase in the

resistance of one arm and decrease in the resistance of the other as in Figure 5.15.

The 10K precision metal film resistors (RA) in series with the ends of the pot restrict
the total variation in the ratio of the two arms to the range required to ensure bridge
balance. The percentage variation in the ratio is calculated as follows : - refer to Figure

3.15.

When the pot wiper is at the cenire, each of the left-hand arms of the bridge is made up of

the gauge resistance in parallel with RA+% Rp : -

Effective resistance = (RA + 0.5 Rp) // Rg3

i

119.05 Q2

Ratio of the twoarms = 1:1

When the wiper is at the top of the pot : -

11858 O)

i

Upper-arm resistance

Lower-arm resistance 119.28 Q)

|

Ratio of upper-arm to lower-arm resistance = 0.994 : 1
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Percentage variation in the ratio is 0.6 %. Bridge excitation voltage was set at 4 Volts.

Therefore adjustable offset voltage across Rp is limited to 24 mA.

The strain gauge bridge output voltage offset is applied directly to the input of the 1B32
AN Signal Cenditioner(discussed in Chapter 6).

Under 'no- wind conditions' the input offset voltage required at the 1B32 AN Signal

Conditioner input must be less than 60 pA.
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CHAPTER 6

BRIDGE TRANSDUCER SIGNAL CONDITIONING

The purpose of any instrumentation system concerned with bending strains in pipe
members is to enable these strains to be indicated visually to an observer or to be recorded

for future analysis.

Chapter 5 showed how a voltage representing strain in the P.V.C. pipe anemometer unit is
obtained. Techmques for converting this voltage into a wind vector voltage must be

considered.

This chapter covers the strain gauge bridge signal conditioning and begins with a brief
outline of the analogue assemblage of components initially used for wind vector signal
conditioning and the translation of wind vector voltages for the determination of true wind

velocity.

The chapter explains why this analogue method of absolute signal conditioning (from wind
vector to display) was aborted in favour of a precision dedicated single integrated circuit

package signal conditioner.

The operation and function of the ANALOG DEVICES 1B32 AN Bridge Transducer

Signal Conditioner I.C. used in the final design is described in detail.
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6.1 The initial Analogue Wind Velocity circuit

A highly specialised design, using analogue integrated circuitry for wind vector signal
conditioning and analogue manipulation of the conditioned signals for the determination of

true wind velocity was investigated and designed.

This method had been researched by the Georgia Institute of Technology in 1974.
However, at that time, limited dedicated signal conditioning and microcontroller

component mtegrated circuits were available to the designer.

Initially, during the earlier stages of the development of this project, it was decided that a
similar analogue design approach could be applied to the aluminium pipe anemometer unit
for the determination of true wind velocity. Although this method was attempted, it
stressed the importance of the requirement for a precision bridge transducer signal
conditioner for the conditioning of the strain gauge bridge circuits and proved beyond all
doubt that further manipulation of the conditioned signals could be achieved by using a

microcontroller I.C., memory support and appropriate software packages.

6.1.1 Operation of the Analogue Wind Velocity circuit

When the magnitude of a vector quantity such as wind velocity must be measured, special
analogue techniques must be emploved to resolve North-minus-South (N-S) and East-

minus-West (E-W) vectors mto resultant magnitude.
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With a pair of 1.C. analogue multipliers, Motorola MC1495L [1] and several 1.C.
operational amplifiers, Harris HA2705 {2}, an inexpensive Strain Gauge Drag

Anemometer system was assembled.(Refer to Figure 6.1)

The prototype 1 aluminium pipe anemometer was interfaced to this circuit. The wind
induced stress force generated a drag on the anemometer which is resolved into N-S and

E-W displacements of the strain gauges bonded to the aluminium pipe.

These displacements produce two separate vector voitages Vn-s and Ve-w (outputs from
two separate strain gauge bridges). These voltages are proportional to the wind induced
stress force in the pipe, caused by the wind drag/force on the pipe. The drag on the pipe
varies with the square of wind velocity, therefore Vn-s and Ve-w are proportional to the

square of wind velocity. .
Figure 6.1 is a block schematic diagram of the initial analogue circuit designed.

Strain gauge bridge Excitation voltage is provided from the circuit supply rails and was
fixed between + 5 Volts and analogue-ground. All inputs were low-pass filtered (10 Hz to

20 Hz) to eliminate noise and to integrate the strain gauge outputs.

The aluminium pipe/strain gauge anemometer combination proposed that a wind velocity
of approximately 2 m/s would produce a signal voltage in the micro-volt range while a
velocity of 40 m/s would generate a signal in the milli-volt range (the actual
velocity/voltage output relationship was not measured as this design was shelved before

progression to the test/experimental stage was reached).
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High impedance input amplifiers ( 1 : HA2705 ) normalise the strain gauge voltages such
that a +/- 0.1 Volt to +/- 10.0 Volt range on one strain gauge input with the other input

grounded results in a 0 mA to 1 mA range for the analogue display meter.

Amplifier signals are then squared ( 2 : MCI1495L Analogue Multipliers ), and
summed { 3 : HA2705 used as a summing amplifier ), before they are applied to the
logarithmic amplifier ( 4 : HA2705 used as a logarithmic amplifier ), as the Vss signal.
Taking the square root of Vss would yield, Vresultant, the magnitude of the Va-s and
Ve-w wind vector voltages. Since these individual voltages are proportional to the square
of wind veloctty, Vw, the Vss voltage is a function of the fourth power of Vw.
Therefore, in order to obtain true wind velocity, Vw, the fourth root of Vss must be

extracted.[3]

Hence the following relationships are realised : -

i) Vector Voltage N/S = Vn-s

it) Vector Voltage E/W = Ve-w

iif)  Vss=(Vn-s)2 + (Ve-w)l

iv)  Vresultant = (Vss)1/2 = [ (Vn-s5)2 + (Ve-w)2] 172

v) Wind Velocity = Vw = (Vresultant)1/2 = (Vss)1/4 = [(Vn-s)2 + (Ve-w)2]1/4
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To avoid practical difficulties encountered by extraction of the fourth root of Vss, a
logarithmic stage is used. "This stage takes the natural logarithm of Vss. The output of
this stage, Vo, is logarithmic and the effect of Vw being squared doubles the output
voltage, (Vo =2 In Vw). Note that for any desired quantity, q, related to an input signal
Vin as Vin = f(q2P) ,the output of a logarithmic amplifier with this input is Vout = 2p In
flq)." 3]

6.1.2 Problems encountered

Several problems were encountered during the implementation of the circuit, the more
notable being offset and gain adjustments of the muitipliers, random noise at low signal
levels and temperature sensitivity, The offsets of the multipliers could not be adjusted so
that squared outputs were balanced with respect to positive and negative inputs.

Furthermore, the multiplier gains could not be balanced with respect to one another.

The complicated behaviour of analogue signal conditioning, particularly attempts at
obtaining squared voltage outputs from analogue multipliers made this method extremely
hmited in its practical application of vector component manipulation. The design was
aborted and it was decided that signal conditioning of the Strain Gauge bridge vector
voltages would be separately conirolled by a dedicated precision analogue signal
conditioning integrated circuit. The digital signal manipulation of the conditioned analogue

vector voltages is covered in Chapter 7.

6.2 Bridge Excitation Voltage and Signal Conditioning

The separate N/S channel and E/W channel strain gauge bridge circuits used in the design

were discussed in Chapter 5. The choice of circuitry to produce the excitation voltage
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will depend on the degree of precision and special requirements for the system. A stable
bridge driving potential and bridge signal conditioning may be obtained through the use of
a complete signal conditioning package. For minimum component count and at a realistic
cost, complete signal conditioners provide programmable transducer bridge excitation

voltage in addition to amplification and filtering.

6.2.1 The Strain Gauge Bridge Signal Conditioner

The ANALOG DEVICES 1B32 AN Bridge Transducer Signal Conditioner [4] is a
precision, chopper based, signal conditioning component ideally suited for high accuracy
applications of load cells and bridge transducers. This device was most suitable for strain
gauge bridge signal conditioning in this design. (Refer to APPENDIX D : iii : 1B32 AN
SPECIFICATIONS)

Two 1B32 AN signal conditioners were used in the design, one for the N/S channel bridge

and one for the E/W channel bridge.

The 1B32 AN has the following features : -

i) Reasonable cost

it) Complete signal conditioning solution

iii)  Small package 28-Pin Double DIP

iv) Internal Thin-Film Gain Network

V) High Accuracy

vi) Low Input Offset Tempceo : + 0.07 pV/oC
vii)  Low Gain Tempco : + 2ppm/0C

viii) Low Non-linearity : 0.005% max
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ix)  High CMR : 140db min (60Hz, G = 1000 V/V)
x) Programmable Bridge Excitation: +4 Vto +15V
xi)  Remote Sensing

xil)  Low-Pass Filter (fc=4Hz)
6.2.2 General description of the 1B32 AN

The 1B32 AN takes advantages of hybrid technology for high reliability as well as higher
density. Functionally, the signal conditioner consists of three basic parts : a high
performance chopper-based amplifier, a low-pass filter and an adjustable transducer

excitation source.

The chopper-based amplifier features an extremely low input offset temperature co-
efficient of + 0.07 uv/oC and excellent non-lineanty of 0.005% maximum over its full
gain range of 100 to 5000 V/V. The 1B32 AN has a thin-film resistor network for pin
strapping the gain to 500 V/V or 333.3V/V. The gain temperature co-efficient for these
fixed gains is a highly stable + 2ppm/0C. Additionally, the gain can be set to any value in
the gain range with two external resistors. The bandwidth of the chopper is 4 Hz at G =
100 V/V. (Refer to APPENDIX D : iii : 1B32 AN SPECIFICATIONS page 2 : DYNAMIC

RESPONSE)

The integral three-pole, low-pass filter offers a 60db/decade roll-off from 4 Hz to reduce

common-mode noise and improve system signal-to-noise ratio.
The 1B32 AN regulated transducer excitation stage features low output dnfi (£ 40

ppm/0C) and can drive 120 Q or higher resistance strain gauge bridge circuits. The

excitation is preset at +10 Volts with other voltages between + 4 Volts and + 15 Volts
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programmable with external resistors. This section also has a remote sensing capability to

allow for lead-wire compensation in strain gauge bridge circuits.

The 1B32 AN is fully specified over the industrial temperature range (- 250C to + 850C).

6.2.3 Gain setting of the 1B32 AN

The differential gain of the 1B32 AN can be either pin strapped or programmed externally
with two resistors. The internal thin-film gain network (Figure 6.2) provides gains of 500

ke

and 333.3 for standard strain gauge bridge sensitivities of 2mV/V and 3mV/V.

This is achieved by connecting GAIN SENSE (Pin 12) to GAIN COMMON (Pin 13) and
grounding Pin 10 or Pin 11. The strain gauge P.V.C pipe combination had a sensitivity in
the millivolt per volt range. The gain temperature co-efficient using the internal network is

= 2ppm/oC.

Additionally, the gain can be set to any value in the gain range (up to 5000 V/V) with two
external resistors connected to Pins 9 and 13, with Pins 11 and 12 unconnected, effectively

floating the internal gain network of the 1B32 AN.

To program the gain externally, two resistors are connected as shown in Figure 6.3 The

gain equation is : -

G=1+R2/RI1

Experiments with various gains were conducted before it was concluded that a gain, G =

333.3 was most suitable for the design. This reduced external component count and
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eliminated the possibility of increased amplifier gain drift due to further resistance
tolerance and temnperature co-efficient factors being introduced by the external resistor

gain network.
6.2.4 Offset adjustment of the 1B32 AN

The input referred offset adjust has the same sénsitivity as the inputs of the 1B32 AN. The
voltage level at INPUT OFFSET ADJUST, (Pin 3) is gained by the same factor as the

input signal to provide a ++ 10 Volt output adjustment.

Figure 6.4 shows an external network and potentiometer set up for a = 7.5 mV span at
the input, which gives a + 2.5 Volt (7.5 mV x 333.3) output adjust capability. Wider

ranges can be chosen with appropriate resistor and potentiometer values.

However, although experiments using external resistors for offset adjustment were
conducted, it was decided that the elimination of external components would reduce the
cost, component count and inaccuracies introduced by increased resistance tolerance and
temperature co-efficient factors. It must be added that in a specialist design using a 1B32
AN which has precision temperature co-efficient specifications, any external resistive
component used to support the design would preferably need to have a temperature co-

efficient of * 50ppm/OC.(Refer to APPENDIX D : iii : 1B32 AN SPECIFICATIONS page

3: NOTES)

Offset adjustment of the 1B32 AN was not required and pin 3 was connected to the
analogue-ground line. The parallel strain gauge bridge balancing method discussed in

Chapter 5 ensured bridge balance and input offset at the 1B32 AN inputs at less than 60

uv.
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After signal conditioning and ampiification by 333.3, the 1B32 clean analogue output at
zero wind velocity was less than 19.53 mV. This was suitable as a signal (after
amplification) of 19.53 mV represents one least significant bit for the ADC0820

analogue-to-digital converter integrated circuit discussed in Chapter 7.

6.2.5 Bridge Excitation Voltage Progfamming

The bridge excitation section is an adjustable regulated supply with an internally provided
reference voltage at + 6.8 Volts. It is configured as a gain stage with the output preset at
+10 Volts. For a desired excitation voltage range, the trimpot value Rt and resistor value

Rext is determined by the following equations : -

Rt = 10 KQ x Vref out where Vref out = 6.8 Volts

Vexc - Vref out

20 KQ x Rt
20KQ - Rt

Rext =
At Vexce =4 Volts : -
Rt=243x 104 Q
Rext=11333 KQ

At Vexe =10 Volis : -

Rt=2125KQ
Rext =340 KQ
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The value of Rt was chosen as 20 K2 and Rext was chosen as 200 K for the design.

The excitation voltage of the 1B32 AN is preset at 10 V. To decrease Vexc down to an
adjustable voltage excitation range between +4 V and +10 V a 200 K precision metal-
film resistor must be connected between EXC.ADJ. and SENSE LOW (Pins 21 and 26).
The adjustment range is then controlled by comnecting a 20 K precision trimmer
potentiométer between pins 19 and 20. A 4.7 uF tantalum capacitor from REF IN (Pin
20) to common (Pinl6) is connected to lower the voltage noise at the reference input.

These connections are shown in Figure 6.5,

An excitation voltage of 4 Volts proved most suitable for the strain gauge bridge circuit as
this eliminated thermal output from the gauges and minimised power consumption of the
1B32 AN. Experiments proved that when the excitation voltage was adjusted beyond 5
Volts, the strain gauges produced a small thermal output due to the power dissipated

across the strain gauge bridge.

Table 6.1 shows the power dissipated in the strain gauge bridge circuit at various

excitation voltage settings.

Excitation Voltage | Bridge Impedance Power Dissipation
Volts (V) 5 Ohms (2) Power (mW)
+10 120 883.3
+8 120 533.3
+7 120 408.3
+6 120 300.0
+5 120 208.3
+4 120 133.3
Table 6.1 : I2R loss in strain gauges at various Excitation Voltages
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6.3 Applying the 1B32 AN Signal Conditioner

The 1B32'S regulated transducer excitation stage aiso has a remote sensing capability to
allow for lead-wire compensation in 6-wire load cells and other transducer bridge

configurations.

6.3.1 Strain Gauge to 1B32 AN lead-wire arrangement

Each of the strain gauge transducers described in Chapter 5 have one four meter long
screened pair lead-wire connection. The full-strain gauge bridge circuit in Chapter 5 is
configured from these lead-wire pairs on the P.C B. in close proximity to the 1B32 AN
Signal Conditioner.

As previously described, there are two strain gauge bridge circuits, one being a
North/South channel bridge (4 strain gauges) and the other an East/West channel bridge
circuit (4 strain gauges). Hence, one bridge is configured with its bridge balancing
potentiometer in close proximity to a N/S channel 1B32 AN Signal Conditioner and the

other is configured in an identical way to a separate E/W channel 1B32 AN.

It is more practical to explain the excitation and remote sensing capabilities of the 1B32

AN, related to one channel only, as both channels are identical.

6.3.2 Remote sensing of lead-wire

An excitation voltage of 4 Volts is applied to the P.C.B. configured strain gauge bridge
lead-wires. The remote sensing inputs of the 1B32 AN may be P.C.B. connected as shown

in Figure 6.4. The resistance at the excitation and sense lines should not exceed 10 Q.
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6.3.3 Strain Gauge output signal interfacing

The strain gauge bridge output is connected via the P.C.B. configured screened lead-wires
directly to the positive input (pin 1) and negative input (pin 2) of the 1B32 AN. The
chopper-amplifier gain of 333.3 provides an amplifier output voltage range (chosen for the
design) between +5 Volts and -5 Volts. This voitage range is level shifted by two 10 KQ
precision metal-film resistors to produce a 0 Volt to 5 Volt range for the ADC0820

{Analogue-to-Digital Converter 1.C.) discussed later in Chapter 7.

6.3.4 The Power Supply tracks

The 1B32 AN requires a dual power supply rail and has a rated operating voitage potential
between +/- 12 Volts to +/- 18 Volts d.c. Conservatively, a +/- 12 Volt supply was

chosen for the design to minimise power consumption of the 1B32 AN.
The Vs REG INPUT (pin 18) must be connected to +Vs (pin 17) and power supplies are

decoupled with 1 pF tantalum and 100 pF ceramic capacitors as close to the 1B32 AN as

possible. (see Figure 6.4)
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CHAPTER 7

HARDWARE : THE SIGNAL/PROCESSOR CIRCUIT

7.1 Imtroduction

This chapter describes the INTEL 80C32 Nﬁcrocontroller and its supporting circuitry.
The sepa}ate N/S and E/W channel conditioned analogue output voltage signals from the
1B32 AN Signal Conditioners are converted to two separate N/S and E/W channel digital
output voltages by the ADC 0820, analogue-to-digital converters. The N/S and E/W
channel digital voltage outputs are then comnected to the memory mapped 8-bit
Address/Data bus. The Microcontroller and its supporting circuitry are responsible for
translation of these voltages into wind velocity and direction read-out for the display, as

well as for data captureto an IBM. P.C.

Refer to Figure 7.1 for the Signal Conditioner/Microcontroller block schematic diagram.
The schematic diagram of the Signal Conditioner/Microcontroller circuit is provided in

APPENDIX D.

7.2 Hardware Design

7.2.1 The Analogue-to-Digital Converter [ 1 ]

The ADC0820 is a CMOS 8-bit high speed microprocessor compatible A/D converter.
The analogue output voltages from the E/W and N/S channel 1B32 AN Signal
Conditioners are level shified to allow the two separate A/D converters (one N/S channel

and one E/W channel) to accept = 5 V analogue inputs.
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Latched TRI-STATE outputs drive the Data bus directly as an output port without the
need for external interfacing logic. The ADC 0820 offers a 1.5 us (micro-second)
conversion time and converts the 0 V to 5 V analogue input voltage range to a digital

value varying between  and 255, where 0 =0 V (analogue) and 255 = 5 V (analogue).

The supply voltage and reference voltage of the ADCO820 are set at + 5 V d.c. The
ADC0820 has a built in track and hold function and does not require external clocking.
The ADCO0820 was used in the WR-RD MODE (pin 7 strapped high). This reduced

conversion time down to 1.5 us (micro-seconds).

The ADCO0820 was chosen for the design because of its 1.5 us {micro-seconds) high speed
conversion time. However, the ADC0804, 8 bit A/D converter {100 us conversion time)
could have been used as it was later realised that the high speed conversion of the

analogue-voltages was not necessary.

The 1B32 AN Signal Conditioner package discussed in Chapter 6 has a three-pole active
filter, (fc = 4 Hz) at its conditioned voltage output. The analogue-to-digital converter
would only have to sample these voltages at about 4 Hz. Thus the actual analogue-to-

digital conversion time required would only be about 250 ms (milli-seconds).
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The key specifications and features of the ADC0820 are :

Resolution ' : 8 bits

Con;rersion time : 2,5uS MAX (RD mode)

Conversion time : 1.5 uS MAX (WR-RD Maode) selected

Total Unadjusted Error : -t‘/z LSB and £ 1 LSB

Single supply . : 5V

Ratiometric or Absolute : Absolute Reference Vref. =S V was reference

" operation selected

7.2.2 The Processor and Latch {2 & 3 ]

An INTEL 80C32 8-bit Control-Processor was used in this design. This CMOS device

features low current consumption. [2]

The Address/Data (ADQ to AD7) bus is shared on Port 0 and the lower address byte is
latched by the 74HCS573 (3]

The 80C32 has four 8-bit Ports which are used as follows :

i) Port0:

Is an 8-bit bi-directional I/Q port. It is the muitiplexed lower-order address and data bus
during access to the 1B32 AN Signal Conditioners, 27128 EPROM and LTN 211 display.

i) Port 1 : not used



iii) Port2:

Is an 8-bit bi-directional I/O port. This port emits the higher-order address byte during
access to the EPROM (A8 to A13). Al4 and A15 are used as inputs by the 74HC138 to
select either the 27128 EPROM, 1B32 AN Signal Conditioners or the LTN211 display.

iv) Port 3 : is used as follows : -

P3.2 INTO : external interrupt 0
P3.3 INT 1 : external interrupt 1
P3.6 WR : external data memory write strobe
P3.7 RD : external data memory read strobe

The Address Latch Enable (ALE) output of the 80C32 is connected to the *¢’ input of the
74HC573 Latch. The pulse from the ALE output latches the lower byte of the address
during access to the EPROM.

The reset input (RESET), will reset the 80C32 if the RESET pin is kept high for two
machine cycles while the oscillator is running. The RESET pin is connected to Ve via a
10uF tantalum capacitor and to digital ground (DGND) via a resistor to reset the 80C32

automatically on power up.
Furthermore the EA/Vp pin is strapped to DGND for external (EPROM) program

execution. The 80C32 uses the on-chip oscillator in conjunction with an 8 MHz crystal.

The crystal is connected between X1, and X2 pins.
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The 80C32 Microcontroller has the following specifications :

256 = Bytes Internal Data Memory

32 V/O lines (four 8-bit Ports, providing 5 Interrupts)
2x 16-bit Timers / Event Counters

64K Program Memory (16K : 27128 EPROM used)
5V Operating Voltage

3.5 to 12.0 MHz Oscillator Frequency (8 MHz used)

7.2.3 The EPROM 27128 [ 4]

The INTEL 27128 is a 5V only, 131.072-bit ultraviolet erasable and electrically
programmable read-only memory (EPROM). The 27128 is compatible with the 12 MHz
8051 family. The standard 27128 access time is 250 nS which is compatible with the
80C32 microcontroller working at 8 MHz, chosen for this design. The 128 k (16k x 8 bit}

EPROM has 14 address lines for access of the program code.

7.2.4 The 3-to-8 Line Decoder {5}

The Signal Conditioner/Microcontroller board is memory mapped and selection of the two
separate N/S and E/W channel ADC0820 analogue-to-digital converters, 27C128
EPROM and LTN 211 display is done by the 74HCI138 Decoder under 80C32
Microcontroller control. Three inputs (A , B and C) provide a selection of eight outputs.
The C input is held low (DGND) since only the A and B inputs are required to decode the

4 outputs required in this application.
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Decoding is as follows :

~ SELECT . |  OUTPUTS
A B C

0 0 0 | EPROM (27128)

0 1 0 | N/S Channel A.D.C.

1 0 0 E/W Channel A.D.C.
1 1 0 L.C.D. Display

The CMOS 74HC138 features high noise imrmunity and low power consumption and ail

inputs are protected from damage due to static discharge by diodes to Vce and ground.

The specifications of the 74HC138 are :

Typical propagation delay :20 us

Wide power supply range 1 2V - 6V (5V used)
Low guiescent current : 80 uA max

Low input current : 1 pA max

Fan-out of 10 LS - TTL loads.
7.2.5 Quad 2-Input NAND Gate | 6 ]

The MM74HCO00 is a CMOS L.C. which has 4 NAND gates. Each gate has a buffered
output. All devices have a high noise immunity and the ability to drive 10 LS - TTL loads.

All inputs are protected from damage due to staric discharge by internal diode clamps to
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Vee and ground. The I.C. uses the RD, WR and CS3 lines to generate an ENDISP enable
stgnal for the LTN 211 display.

The logic equation implemented by the MM74HC00 for the enabling of the display

is as follows : -

ENDISP = CS3 . (RD+WR)

The features of the MM74HCO00 are :

Typical propagation delay : 8ns

Wide power supply range :2-6V (5V used)
Low quiescent current : 20 pA max
Low input current :1 pA max

Fan-out of 10 LS - TTL loads.

7.2.6 The L.C.D. Display | 7]

The LTN211 is a 5 x 7 dot, 16-character, 2 line dot matrix module L.C.D. display with
driver and controller LSI integrated circuit mounted on a single printed circuit board. The
LSI controller incorporates a built-in ROM-based character generator with 160 characters
and RAM display data with 8 characters. The module is capable of generating 160 fixed

and 8 write program characters.

The LTN 211 operates from an extensive instruction set : display clear, cursor home,
display on/off, cursor on/off, character blink, cursor shift and display shift. Contrast is
adjusted (R6) by varying the contrast voltage between 0V and 5V. The display is enabled
via the MM74HCOO0 Quad 2-input NAND gate.

109



Key specifications and features of the LTN 211 are :

Character size :2.96 x 5.56 mm
7 Supply voltage 1+ 5V
Power consumption : 7.5 mW
Humination mode : reflective/transflective
Data interface : parallel 4 or 8 bits

7.2.7 The RS-232 Port Facility [ 8 |

The MAXIM RS-232 Driver/Receiver provides the required levels for RS-232 Serial
communication between the Signal Conditioner/Microcontroller board and the P.C. The
232 has three sections : a dual transmitter, a dual receiver and a +5V to approximately
+10V dual charge pump voltage converter. In this application only the transmitter was
required for data capture of wind velocity readings to an IBM. P.C. The voltage
converter is used to obtain the correct level on the Serial Port during the transmission of

the datatothe IBM. P.C.

The RS-232 Serial Port is full duplex, meaning it can transmit and receive simultaneously.
The Serial Port can operate in 4 modes. For this application the port operates in Mode 1

where 10 bits are transmitted or received : a start bit, 8 data bits and a stop bit.
Timer 1 1s used to generate a baud rate of 9600. The Serial Port transmits the bits

through a Serial Buffer, (SBUF). The initialisation of the Serial Port and the transmission

of wind velocity data can be seen from routines in the program listings in the Appendix E.
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CHAPTER 8

SOFTWARE

This chapter describes the implementation and function of the software used to determine

wind velocity and direction for the display readout and data capture to an LB M P.C.

The C Programming Language is a general-purpose programming language which features
economy of expression and a powerful set of mathematical software functions. C provided
the necessary mathematical functions for the manipulation of the wind vector voltages for
the determination of wind velocity and bearing. The display routine ' Putchar ' is an
Assembler Language routine which was incorporated in the C run-time library enabling the

return of ASCII characters to the L.C.D. display.

8.1 Wind Data Software Process

The block diagram, Figure 8.1 shows the basic structure of the manipulation of wind

vector voltages for the determination of wind data.

A.

N/S and E/W channel vector voltages V1 and V2 are digital voltage outputs from each of
the respective separate channel analogue-to-digital converters. These wind vector voltages
represent the amplified, filtered vector voltages produced by wind induced strain acting on

the P.V.C. pipe Anemometer unit.
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B.
The mstantaneous V1 and V2 vector voltages are then averaged over 250 readings in a
software loop producing two separate voltages, Vi/s and Ve/w. This prevents spurious

display read-out.

Wind Velocity Software Process

C.

The wind force generates a drag on the P.V.C. pipe anemometer unit which is resolved
into N-§ (North-minus-South) and E-W (East-minus-West) displacements of the strain
gauges. These displacements produce vector voltages, Vn/s and Ve/w which are
proportional to the drag on the P.V.C. pipe anemometer. Since the drag on the P.V.C.
pipe varies with the square of wind speed, Vn/s and Ve/w are proportional to the square

of wind velocity, Vw. [ 1]

The wind velocity display information is derived from the Vn/s and Ve/w vector voltages.
The Vn/s and Ve/w vector voltages are squared and summed and a resuitant Vp is

produced.

D.

Taking the square root of Vp would yield the magnitude of the N/S and E/W vector
voltages, Vp. However, since these individual voltages are proportional to the square of
wind velocity Vw, Vp 1s a function of the fourth root of Vw. In order to obtain true wind

velocity the fourth root of Vw is extracted.
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E.

A multiplication calibration factor is incorporated in the software. This is a function of the
amalgamated physical constants introduced by the nature, dimensions and physical
properties of the P.V.C. pipe member. The resultant true wind velocity, Vt appears on the

L.C.D. display readout (H) and is afso captured to an LB.M. P.C. (J).

Wind Direction Software Process

F.

The separate vector voltages Vn/s and Ve/w are software manipulated using the arctan
function. This function divides the Vi/s by Ve/w and returns a bearing to the display (H)

between 180° and -180°.[2]

G.

This resultant bearing is simultaneously filtered through a software ' if ' chain, which

returns a dedicated compass direction readout for the L.C.D. display (H).[2]

8.2 The MIKE].C : Anemometer Test program-code

The Assembler-Program-code, PUTCHAR.S03 and the C-Program-code, MIKE1.C :
Anemometer Test are listed in APPENDIX E . A detailed explanation of the MIKE1.C

C-program code and flowcharts are also provided in APPENDIX E.
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CHAPTER 9

THE POWER SUPPLY

This chapter prowvides a brief description of the designed power supply. The supply

provides power to the two 1B32 AN signal conditioners and support circuitry.

9.1 The Power Supply Circuit

The power supply circuit is designed to supply each of the two 1B32 AN signal
conditioner packages with + 12 V and - 12 V dc.  In addition to this, it provides the
INTEL 80C32 Microcontroiler, 74HC573 Latch, 74HC138 Address Decoder, 27128
EPROM, LTN211 Display and MAXIM RS-232 Interface with+ 5 V d.c.

An analogue ground line is connected to the 1B32 AN analogue signal conditioners
whereas the microcontoller and support are provided with a digital ground line. The
separate ground line arrangement isolates the analogue section of the circuit from digital

noise.
9.1.1 Operation of the Power Supply

Refer to Appendix D : ii for the schematic circuit diagram and voltage regulator data
sheets. The power supply works of a 220V a.c. mains supply. A 20 V-0-20 V dual rail
supply is produced from the secondary of T1 and is full-wave rectified via Ul. 25 Volt

dual polanty voltages are than smoothed by C1 and C2.

The positive 28V supply voltage is provided at the VI input of the LM780S5, 5 Volt
voltage regulator integrated circuit.[1] The 7805 is mounted on an adequate heatsink.

The 5 Volt and ground rails (digital ground) are provided to the microcontroller and
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support section circuitry. Current consumption of this section of the circuitry was
measured as 35 mA. Reasonably conservative power consumption of this section of the

circuit was obtained due to the use of components employing CMOS technology.

In addition to this, the dual polarity 28 V rails are extended to the LM 326 dual polarity
12V tracking regulator integrated cireuit.f2] Tight regulation, transient protection and

thermal shutdown are characteristics of this 14 pin dual-in-line package.

The 12 V voltages along with the analogue ground rail (Pin 11) are connected to the 1B32
AN signal conditioner. The minimum rated operating voltage for the signal conditioners is
+ 12 V and - 12 V. The current consumption of the 1B32 AN signal conditioners is
greatly influenced by the length of lead wire from the conditioner to the transducer, and by
the 1mpedance of the Strain gauge bridge circuit. Bridge excitation voltage was reduced
t0 the rated minimum of 4 Volts. The combined current consumption of the two signal

conditioners was then measured as 73 mA.

0.2 References

| National Semiconductor 1988 "LINEAR DATABOOK 1"
Califorma, US A pp 1251

2 National Semiconductor 19838 "LINEAR DATABQOK"
California, U.S.A. ppl:83
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CHAPTER 10

PROBLEMS ENCOUNTERED

This chapter describes the problems encountered during the design of the anemometer

unit.

10.1 Elasticity of piﬁe members

Chapter 2 refers to the three prototype anemometer units constructed and tested before
the final P.V.C. pipe anemometer unit was designed. The three prototype units were too
rigid and had to be subjected to considerable tensile/compressive stress before a suitable

output signal was obtained.

10.2 Strain Gauge selection

The full-element strain gauge bridge chosen for this design is discussed in Chapter 5;

(Refer to 5.3.4).

120Q2 Strain gauges were selected for the bridge. Excluding the value of the bridge
balancing potentiometer, the bridge impedance is 120Q2. Excitation voltage was set to 4
volts, the rated minimum supplied by the 1B32 AN signal conditioner. Power dissipated

across the strain gauge bridge is therefore limited to 133.3 mW, limiting the resistance

change in the bridge caused by thermal drift in the gauges.

An improvement in eliminating thermal drift and resistance changes in the bridge can be

achieved by using 350€) strain gauges. Bridge impedance would then be 350Q and with
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4V excitation voltage, resulting power dissipation in the strain gauge bridge would be

46mW. Thus, thermal drift in the gauges would be negligible.

10.3 Cable interference

Initially considerable input offset dnift to the IB32 AN Signal— Conditioner input caused
inaccuracy at the amplifier output. This was due to the type of cable used in connection
between the strain gauges and the P.C. board. To eliminate noise in the form of interfering
signals, 50 Hz mains pickup and signal coupling via power supplies and ground paths,

screened cable pairs were used to connect strain gauges to the P.C. board.

Bridge completion 1s achieved on the P.C. board in close proximity to the 1B32 AN signal
conditioners. Tracks connect the bridge output directly to the 1B32 AN (pins 1 and 2) on
the P.C. board. The screened leadwires were originally connected to a 'screw type' in line

connector on the P.C. board.

Dry joint connections caused interfering signals which produced inaccuracies at the 1B32
AN amplifier output. The strain gauge leadwires and shield/screen were then soldered
directly on to the P.C. board. These interfering signals were thus reduced to an
insignificant level due to improvement in the layout and construction of the leadwires on

the P.C. board.

10.4 Bridge balancing potentiometer

The parallel strain gauge bridge balancing circuit discussed in Chapter 5§ : 5.5.3 was

selected for the design.
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4V excitation voltage, resulting power dissipation in the strain gauge bridge would be

46mW. Thus, thermal daft in the gauges would be negligible.

10.3 Cable interference

Initially considerable input offset drift to the 1B32 AN Signalh Conditioner input caused
inaccuracy at the amplifier output. This was due to the type of cable used in connection
between the strain gauges and the P.C. board. To eliminate noise in the form of interfering
signals, 50 Hz mains pickup and signal coupling via power supplies and ground paths,

screened cable pairs were used to connect strain gauges to the P.C. board.

Bridge completion is achieved on the P.C. board in close proximity to the 1B32 AN signal
conditioners. Tracks connect the bridge output directly to the 1832 AN (pins 1 and 2) on
the P.C. board. The screened leadwires were originally connected to a 'screw type' in line

connector on the P.C. board.

Dry jomt connections caused interfering signals which produced inaccuracies at the 1B32
AN amplifier output. The strain gauge leadwires and shield/screen were then soldered
directly on to the P.C. board. These interfering signals were thus reduced to an
insignificant level due to improvement in the layout and construction of the leadwires on

the P.C. board.

10.4 Bridge balancing potentiometer

The parallel strain gauge bridge balancing circuit discussed in Chapter S : 5.5.3 was

sefected for the design.
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Initially, P.C.B. mount, 13 turn linear track, miniature trimming potentiometers were used
for the design. Numerous experiments were conducted using different potentiometer and
resistance values for strain gauge bridge balancing.

Finally an off board mounted 10K, ten turn, wirewound potentiometer (tolerance 5%,
Temperature co-efficient 80 ppm/0C) was placed in parallel with two arms of the strain
gauge bridge. This potentiometer and bridge balancing method was preferred over the
P.C. board mounted miniature trimmers as this eliminated bridge offset drift to an
acceptable range for the 1B32 AN signal conditioner amplifier input. MIL-specification
potentiometers would be the most suitable choice for the bridge balance circuit, but are

not readily available in the R. S A.

10.5 Component selection and P.C.B. design

The initial prototype circuit design consisted of two single signal conditioner printed
circuit boards (p.c.b.). The two signal conditioner boards were connected 1o a separate

microcontroller and support integrated circuit p.c.b.

Considerable amplifier offset drift problems were experienced due to cable ground loops
and additional tolerances introduced by external resistor and potentiometer components

supporting the 1B32 AN signal conditioner.

The problems were eliminated by the design of a single signal conditioner/microcontroller
printed circuit board. Cable connections between the analogue and digital circuitry were
thus eliminated and two separate ground tracks, an analogue ground track and a digital
ground track were provided on the printed circuit board. This isolated digital noise which
had previously affected the performance of the signal conditioners and analogue-to-digital

converter integrated circuits.
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A further improvement was realised by careful and symmetrical routing of the ground

tracks between the printed circuit board mounted components.

Resistor and potentiometer components supporting the 1B32 AN amplifier gain and input
offset were eliminated. Additional tolerances mtroduced by these components were thus
reduced. The internal resistor network within the 1B32 AN was pin strapped for a gain of
333.3. The gain temperature co-efficient for this fixed gain is + 2 ppm/0C. Input offset
adjustment for the 1B32 AN was controlled by the bridge balancing potentiometer.
Precision resistor and trimpot components were used for excitation voltage control. These
components exhibit a temperature co-efficient of + 50 ppm/0C maximum and have

resistance tolerances of 0.1% and 5% respectively.

The Vce and DGND pins of the Microcontroller and support integrated circuits were
decoupled using 1nF tantalum capacitors. The + 12V and - 12V power rails to the 1B32

AN were decoupled with IuF tantalum and 1000pF ceramic capacitors.

A further improvement in noise isclation was realised after power rail decoupling of the
74HCT138 decoder integrated circuit. This eliminated drift of the E/W channel ADC

output due to noise on the ADC chip select input.

An improvement in the design would be to replace the two ADCO0320 integrated circuits
and the INTEL 80C32 Microcontrolier with the PHILIPS 80552 Microcontroller.
The 80C552 has eight built in analogue-to-digital converters. The additional address and
control hines berween the ADC0820 and 80C32 Microcontroller would then be eliminated.
Furthermore, the possiility of ground loop voltage problems between the analogue-to

digital converter integrated circuits and microcontrolier would be eliminated.
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10.6 Thermal dissipation of the strain gauges

Since the foil resistance strain gauge is a passive rather than active (self-generating)
sensor, an excitation current must flow through the gauge in order to develop an output
signal. For a fixed strain level and given gauge characteristics, the output is directly
proportional to gauge excitation. Read-out instrument considerations make it desirable to
apply as much excitation as the gauge in use can tolerate without degradation in
performance. Such degradation occurs when self-heating of the grid causes an excessive

rise in either the grid-plane temperature or the local specimen temperature. [1]

Under normal conditions, essentially all of the heat developed in the gauge must flow
through the backing and adhesive layer into the specimen. Metallic specimens are fair to
excellent heatsinks, depending on their size, shape and thermal conductivity. An
aluminium-alloy specimen is superior to to a stainless-steel specin'ien in this respect as it
has a larger thermal conductivity property.[1]

(Refer to APPENDIX B : Properties of materials : Thermal Conductivity)

Unfilled polyvinyl-chloride (P.V.C ) is a thermal insulator rather than a heatsink, and an
appreciable amount of gauge heat must be transferred by convection when specimens of
this type are involved.[1]

(Refer to APPENDIX B : Properties of materials : Thermal Conductivity)

Errors due to gauge self-heating effects show up in several ways, principally as instability
of gauge readings (temperature induced apparent strain), even at zero load, strain gauge
creep occurring at only moderately increased ambient temperatures (creep occurs when

the adhesive layer becomes fluid), and a substantial reduction in the maximum practical
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temperature for accurate strain measurements (reduction in specified operating

temperature range of the strain gauge).[1]

Voids in the adhesive glueline or imperfections in the grid will result in hot spots that
degrade the strain gauge performance radically. Changes in the thermal output curve occur

due to both grid-plane temperature rise and local specimen heating. [1]

Various experiments were conducted by changing the excitation voltage to the strain
gauge bridge. Chapter 6 : 6.2.5 refers to excitation voltage programming of the 1B32
AN. Table 6.1 shows the power dissipated in the strain gauge bridge at various excitation
voltage settings. Chapter 2 : 2.3.3 substantiates the reason for limiting excitation voltage

to 4 Volis.

10.7 Influence of environmental elements

The P.V.C. anemometer unit was designed to operate efficiently in the environmental
temperature tange 99C to 400C. The strain gauge/P.V.C. pipe combination had to be
protected from the environmental elements. The pipe mounted strain gauges were silicone

moisture proofed with a marine sealant manufactured by Dow Corning.

The P.V.C. pipe anemometer unit designed had the following physical properties

(Extracted from APPENDIX B : Co-efficient of thermal expansion) :

Thermal Expansion Co-efficient :a = 1.0 x10-6 /oC

1 metre

Length of P.V.C. pipe
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The chosen temperature range for efficient operation is between 00C and 400C. The
device was calibrated at 200C (room temperature). The change in design range

temperature and room/calibration temperature is therefore :

AT = 200C
10.7.1 Effect of temperature on the P.V.C. pipe

Most solid materials expand when heated and contract when cooled. The P.V.C. pipe has
length L at initial temperature (room/calibration temperature) and when the temperature
increases/decreases by an amount AT, the length of the P.V C. pipe increases/decreases by
AL. In the designed unit AL is proportional to L as they represent the same material and
are subjected to the same temperature variation . Introducing a proportionality constant o,

(Thermal Expansion co-efficient ), this relationship is :

AL=oaxLxAxT] [2]

Taking room/calibration temperature as 200C and operational environmental design
temperature range between 00C and 400C, calculated change in length of the P.V.C. pipe

anemometer unit is :

AL = 2 x 10-5 metres

Therefore -

I

At 00C Length of P.V.C. pipe 0.99998 metres

At 400C Length of P.V.C. pipe = 1.00002 metres
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Since the length (L), of the P.V.C. pipe at room/calibration temperature is 1 metre and
the change in length of the pipe {AL), at change in temperature (AT), of 200C is 2x

10-3 metres, the percentage change in length (L), of the pipe is
% Variation from original length = 0.002 %

The change in pipe length due to temperature changes is negligible. Furthermore, the Self-
temperature-compensating strain gauge transdﬁcers in comjunction with the full strain
gauge bridge configuration selected for this design, bonded to the P.V.C. pipe,
compensate for this calculated change in length of the pipe. Chapter 5 covers the strain

gauge selection and bridge configuration design in detail.

10.7.2 Effect of temperature on the Stainless-steel pipe

A prototype 1 Stainless-steel pipe anemometer unit was constructed (height = 1 metre ;

diameter = 25 mm).

Stainless-steel has a Thermal Expansion Co-efficient, @ = 17.3 x 10-0 / OC (Refer to

APPENDIX B : Properties of materials)

[AL= axL x A x Tl [2]

Taking roomy/calibration temperature as 200C and operational environmental design
temperature range between 00C and 400C, calculated change in length of the Stainless-

steel pipe anemometer unit is :

AL = 3.5 x 10-4 Metres
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Therefore :

At 00C Length of P.V.C, pipe = 0.99965 metres

|

]

At 400C Length of P.V.C. pipe = 1.00035 metres

Since the length (L), of the Stainless-steel pipe at room/calibration temperature is 1 metre
and the change in length of the pipe (AL), at change in temperature (AT), of 200C s

3.5 x 10-4 metres, the percentage change in length (L), of the pipe is :
% Variation from original length = 0.035 %

The change in pipe length due to temperature changes is negligible. Furthermore, the Self-
temperature-compensating strain gauge transducers in conjunction with the full strain
gauge bridge configuration selected for this design, bonded to the Stainless-steel pipe,
compensate for this calculated change in length of the pipe. Chapter 5§ covers the strain

gauge selection and bridge configuration design in detail.

10.7.3 Effect of temperature on the Aluminium pipe

A prototype 2 Aluminium-alloy pipe anemometer unit was constructed (height = I metre ;

diameter = 235 mm).

Aluminium has a Thermal Expansion Co-efficient, @ = 23 x 100 / OC (Refer to

APPENDIX B : Properties of materials)

(AL = axLxAxT] {2]




Taking room/calibration temperature as 200C and operational environmental design
temperature range between 00C and 400C, calculated change in length of the Aluminium.

pipe anemometer unit is

AL = 4.6 x 10-4 Metres

Therefore :

0.99954 metres

At 00C Length of P.V.C. pipe
1.00046 metres

l

At 400C Length of P.V.C. pipe

Since the length (L), of the Aluminium-alloy pipe at roomycalibration temperature is 1
metre and the change in length of the pipe (AL), at change in temperature (AT), of 200C

is 4.6 x 10~4 metres, the percentage change in length (L), of the pipe is :
% Variation from original length = 0.046 %

The change in pipe length due to temperature changes is negligible. Furthermore, the Self-
temperature-compensating strain gauge transducers in conjunction with the full strain
gauge bridge configuration selected for this design, bonded to the Aluminium-alloy pipe,
compensate for this calculated change in length of the pipe. Chapter 5 covers the strain

gauge selection and bridge configuration design in detail.
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P.V.C PIPE

GROUND SURFACE Mounres aasE mg sin J |

mg cos

Figure 10.1 : Effect of Gravitational Force on P.V.C pipe.




10.7.4 Effect of Gravitational Force on the P.V.C. pipe

Figure 10.1 represents an example of the exaggerated effect of gravitational force on the
P.V.C. pipe. The smallest wind force increment acting on the P.V.C. pipe anemometer
occurs between wind velocities of 0.3 m/s (light air) and 1.6 m/s (light breeze). This
wind force increment is 3.35 N/m2, This information is extracted from Chapter 3 :

Figure 3.1 : The Beaufort Scale of Wind Forces

If we assume the P.V.C. pipe mass (m), to be 350 grams with the pipe fixed such that its
length is almost parallel to the earth's surface, the maximum allowable tilt angle (before the
smallest wind force increment is affected), of the P.V.C. pipe relative to the earth's surface

15 calculated as follows :

F down = mg sin 6 where g = 9.8 m/s2 [2]

Therefore 8 = 77.60

This is an exaggerated representation of the gravitational force acting on the P.V.C. pipe
and calculation shows that the smallest wind force increment is only affected by
gravitational force when the pipe is at an angle of 77.69 relative to the earth’s surface.
Hence, we can assume that the operation of the P.V.C. pipe Anemometer unit is not

affected by gravitational forces acting on it.
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10.7.5 Susceptibility of the pipe members to lightning strikes

The Aluminium-alloy, Stainless-steel and P.V.C. pipe members have the following

Resistivity () properties.

(Extracted from APPENDIX B : Properties of materials : Resistivity) : -

The Resistivity, (p) of a conductor is described as follows : -

The current density (J) in 2 conductor depends on the electric field (E), and on the
nature of the conductor. The Resistivity (p) of a particular material is the ratio of electric

field to current density : -

[3]

g
P~ 73

The resistivity is the electric field per unit current density. The greater the resistivity, the
greater the the field needed to establish a given current density. A perfect conductor
would have zero resistivity and a perfect insulator an infinite resistivity. Metals and alloys
have the lowest resistivities and are the best conductors. The resistivities of insulators

exceed those of metals by a factor of the order 1022,
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Consider a conductor of uniform cross-sectional area, A (m2) and length, L (m), made of

a material with resistivity, P ( 2m ). The resistance R ( ) of such a conductor is given

by:-

_pxL
R=" [4]

The anemometer pipe members had the following physical dimensions : -

Stainless-steel 1m 25 mm 0.025 m?2
(prototype 1)
Aluminium-atoy 1m 25 mm 0.025 m?2
(prototype 2)
Aluminium-alloy 1.8 m 25 mm 0.045 m2
(prototype 3}
P.V.C. ilm 40 mm 0.04 m?
{final design)
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The calculated resistance ({2 ) of the various anemometer pipe units are as follows : -

Hence, of the anemometer pipe members constructed, the Stainless-steel anemometer
(prototype 1) has the lowest resistance and is therefore the most susceptible to lightning
strikes. The Aluminium-alloy anemometer pipe members (prototype 2 and 3) also have a

low resistance and are susceptibie to lightning strikes.
The P.V.C. pipe anemometer has a high resistance (characteristic of an insulator) and is

therefore not as susceptible to lightning strikes as the Stainless-steel and Aluminium-alloy

anemometer pipe members.
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CHAPTER 11

TEST RESULTS

The objective of this thesis and dissertation was to design and develop an anemometer

with no rotating parts suitable for data logging interfacing.
11.1 Results

The important characteristics of the designed anemometer are resolution, sensitivity and
drift of anemometer output at zero wind velocity. Wind velocity levels indicated a
maximum wind velocity resolution of better than 2 m/s. Experiments and calibration were

conducted in the wind tunnet at Stellenbosch University.

The response is linear. The scatter results from uncertainties in both the PVC pipe
Anemometer readings and the reading of the calibration manometer for wind velocity since
fluctuations in both were averaged by eye. Furthermore, when completely shut the
hydraulically operated doors in the wind tunnel exhibited a gap of 3 cm, which represented
a further uncertainty. The Anemometer was calibrated for zero wind velocity with the
doors in this condition. It is certain that a small amount of air was dragged through the
tunnel because of the gap in the doors. The Anemometer and calibration manometer were

therefore adjusted for null wind velocity under this condition.
Theoretical and experimental results are in good general agreement. Observed wind

wnnel velocity agreed well with analytical prediction, particularly after software

calibration.
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Initially wind velocity overspeeding was experienced. The software calibration factor was
reduced from an amplification factor of 10.0 to 4.0 for corrected wind velocity display

read-out. Wind velocity in the range 2 mv/s to 35 m/s was then recorded.

"BEAU: | . 'DESCRIPTION' | ACTUAL | WATER" | 'mpan. | mEan |. AvER. | ‘LTNz11
CFORT . {0 LOF | MANO- MaNO- WIND VEL. WIND - WIND DISPLAY
U NO. : VIND .- F U METER METER ‘RANGE. FORCE }: VEL READ- ]
PRESSURE)
B WIND CONDITION mm mm__ /s N/m# m/s m/s

0 C.*LL‘[ L2 EE 1Y < 03 Fhuk 0 ARXAR

1 LIGHT AIR 0.05 2.45 0310 1.5 0.48 0.9 1

2 LIGHT BREEZE 039 2.73 1.61033 3.83 25 2

3 GENTLE BREEZE 1.37 3.52 341054 13.41 4.4 4

4 MODERATE BREEZE 327 5.06 55079 32.10 6.7 6

5 FRESH BREEZE 641 7.61 8.0t 10.7 62.72 9.4 9

6 STRONG BREEZE 1126 1154 10.8t0 13.8 110,12 12.3 11

7 MODERATE GALE 17.63 16.70 13.9t017.1 172.37 15.5 16

3 FRESH GALE 26.44 2383 1721020.7 | 258.55 19.9 19

9 STRONG GALE 37.70 32.96 208t024.4 | 368.68 226 23

10 WHOLE GALE 5140 +4.06 245t028.4 | 502,74 26.5 27

i1 STORM 68.54 57.94 28510326 | £70.32 30.6 32

11 HURRICANE 88.12 73.81 32.7t0 36.9 861.84 348 36
[ 13 hinbA AR LT 112.60 93.64 3IT0tedld | 110124 3%.2 40

Figure 11.1 : Wind tunnel test results
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The wind tunnel at the Univ. of Stellenbesch showing the following ( from et to right) : -

e Water Manometer : test apparatus for the measurement of wind pressure in the tunnel
e LB.M. compatible personal computer : logged data displayed on the P.C. screen
o Signal conditioner, Microcontroller and L.C.D. display housing ( above P.C.)

e Hydraulic door controller

e TheP.V.C. pipe anemometer mounted in the wind tunnel ( background )




Wind tunnel with hydraulic doors open ( fan is visible )




Figure 11.1 1s a representation of the BEAUFORT SCALE OF WIND FORCES and

the incorporated wind tunnel test results.

The last column includes the recorded display output in m/s, although in later experiments
wind velocities in excess of 41 m/s were recorded. The third and fourth columns represent
conversion tables for the water manometer calibration device. Water manometer level

height is calculated as follows : -

Density of water : ( pwater) = 1000 Kg/m3 [1]

Gravitational acceleration: (G ) =9.8 m/s2

mean wind force} |
How= w

P X &

%
Courtesy of Stellenbosch University Dept. of Mechanical Engineering

The water level manometer height is a calculated value. In order to obtain manometer
readings of actual air pressure in the wind tunnel a conversion table is provided at the
tunnel. This is provided for the calculation of the change in manometer water level height
as a function of air pressure in the tunnel. This level (APwater) is the actual visual

calibration level setting on the manometer in mm (water). This is calculated as follows : -

Density of air : (pair) = 1.2 Kg/m3 {21

_ Howx 2,98
Drvsier

AP

* .
Courtesy of Stellenbasch University Dept. of Mechanical Engineering
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CHAPTER 12

CONCLUSIONS AND RECOMMENDATIONS

This circuit concept and realisation has wide ranging applications in the sensor market, not
only as a wind velocity and direction indicator, but as a general air-flow measurement

device.

The device itself could be used as a calibration instrument in wind tunnel experiments.
Many possible applications exist. In fulfilling the imposed design criteria there are a
number of applications which can benefit from the system. This design used a strain
Gauge/P.V.C. pipe combination as a wind detector, however, other sensor devices can be
interfaced to the designed dual channel Strain Gaunge Signal Conditioner/Microcontroiler
circuit module and with approprate software changes various options are available.
Typical applications include barometry, air and fluid flow measurement and motion

sensing.

Furthermore the versatility of strain gauge and strain gauge derived transducer products
for use in Electronic, Mechanical, Civil and Architectural fields from strain sensing to data
capture is vast. The Strain Gauge Signal Conditioning and Microcontroller circuit

designed s suitable for the following types of strain derived measurement : -

(i) Torque measurement
(ii) Displacement measurement
(iii)  Acceleration measurement

(iv)  Pressure measurement
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The designed anemometer unit is simple, robust and has reasonably low power
consumption. Although the unit has not been tested in the field, a serial port has been
provided for recording purposes. The biggest advantage of the designed unit is the design
simplicity of the PV.C. anemometer unit and the wversatility of the signal
conditioner/microcontoller circuit as a 'stress/sfrain detector, signal conditioner,
analyser and recorder module'. The unit is also reasonably inexpensive and cost

compares favourably with conventional cup-anemometers available on the market.

\/

.0.’ 000000’

* . ¢ b P
o .0 0.0 0’0 0'0 0‘0 0‘0 0’0 0’0 0’0 0.0 0'0 0'
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APPENDIX A

ANEMOMETER BLOCK DIAGRAMS

CONTENTS :

i) The Ventimeter

iil) The Cup-Anemometer

iit) The Hot-wire Anemometer

iv) The Sonic Anemometer

v) The three-dimensional Pressure-sphere Anemometer

vi) The Drag Anemometer

vii) The Strain Gauge Anemometer

viii) The Piezo-electric Anemometer
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WIND FLOW
OUTLET
> GRADUATIONS
I 5 } A
FLOAT/DISC
b }
»
{/// T o WIND FLOW
% A L ) INLET

THE VENTIMETER




APPENDIX A : ii

TOOTHED WHEEL

LIGHT

PHOTO-CELL P.C.BOARD

THE CUP ANEMOMETER
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APPENDIX A

GOLD PLATED
STAINLESS STEEL
SUPPORTS

FINE WIRE
WIND FLOW
SENSING ELEMENT

THE HOT-WIRE ANEMOMETER




APPENDIX A : iv

Ultrasonic transducers (a) are mounted
on the frame constructed from threaded
brass stock (b). Lock nuts (c) are used
to hold the components in place and to
adjust the sensor spacing by moviag the
sleeves (d). The electrical connections
to the transducers are through shielded

cable and plugs (e).

R T NEAN,

|

THE SONIC ANEMOMETER SENSING HEAD
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FRONT ELEVATION

Z-SECTION

PRESSURE PORTS

PRESSURE PORT
HOUSING AND MOUNTING

N
\ N

W
\

45 deg.
from AXIS

A-SECTION

PRESSURE PORTS

PRESSURE PORT
HOUSING AND MOUNTING

47.5 deg.

from AXIS

Front and cross-section views of the Anemometer head,
with ¥ and Z coordinates shown in front view.

THE PRESSURE-SPHERE ANEMOMETER
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FINE WIRE ———
THERMOCOUPLE
ELECTRONICS

MOUNTING BRACKETS

STRAIN GAUGE
ASSEMBLY
HOUSING ____

AND
SHROUD

WIND

SENSING ey |
«—— FRAME ELEMENTS ===

MOUNTING BRACKETS

SOLID MOUNTED BASE

THE DRAG ANEMOMETER
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FINE WIRE e ——
THERMOCOUPLE
ELECTRONICS

MOUNTING BRACKETS

LT

|
J
f

STRAIN GAUGE
ASSEMBLY
HOUSING ____,

AND
SHROUD
——

WIND

«—— FRAME ESLEBNusy:c?rs

MOUNTING BRACKETS

SOLID MOUNTED BASE

THE DRAG ANEMOMETER
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TOP ELEVATION

THIN | F
SBTEEAEML T r FI\E/IGSN 1Saul R
v
STRAIN __
GAUGE
F &/w
SPHERE
o T i - - THIN
"‘ST. STRAIN‘GAUGE
SPHERE — /\
SIDE ELEVATION
VERTICAL
STEEL ___.
MAST
. STRAIN GAUGES

.

THE STRAIN GAUGE ANEMOMETER
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SOLID COLUMN

- O
HOLLOW IQ—/ @
CYLINDRICAL E |
TUBES |
|
1 |
@ | I
3 | |
§ |
PIEZO-ELECTRIC | |
e = =
- Lt

THE PIEZO-ELECTRIC ANEMOMETER




PROPERTIES OF MATERIALS

APPENDIX B

CONTENTS:

i) Aluminium-alloy

ii)  Stainless-steel

i) P.V.C.

* Table of mechanical properties of engineering materials

Material Tensile strength | Young's modulus | Co-efl. of thermal
expansion
MN/m?2 GN/m? x 10-6/0C
i) Aluminium-alley 320-550 70-72 23
ii) Stainless-steel 295 196 17.3
ii) P.V.C. 30-70 1.0-3.5 0.5-1.0

*Extracted from : -
BENHAM, P.P,
CRAWFORD, R.J.

"Mechanics of engineering materials”

- Appendix C : pp610-pp611
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* Heat transfer and resistance properties of engineering materials

Material Resisitivity Thermal Conductivity
Q.m J.s-1.m-1.(Co)-1
i) Aluminium-alloy 2.63 x 10-8 210
ii) Stainless-steel 7.2x108 16.2
iii) P.V.C. > 1013 0.14
*Courtesy of the CSIR
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APPENDIX C

STRAIN GAUGE LISTINGS

CONTENTS:

i) Kyowa Electronic Instruments : CAT. NQO. 3001B

i)  Kyowa Electronic Instruments : CAT. NO. 3002A
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i) Kyowa Electronic Instruments : CAT. NO. 3001B
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IKYOWA

WKELECTRONIC INSTRUMENTS CO-, LTD.

STRAIN GAGES |

A complete line of

high performance strain gages
and accessories

CAT. NO. 3001B




roduced Japan's first strain gages about 35 years ago. = Kyowa Strain Gage Coding System

@, Kyowa has continued manufacturing and develop- KFR-S 350-C1-11 L30-3
# and newer gages so much so that today high per- = i e —
: Kvon z P : - - - 3
:Kyowa gages are actively serving in all the industrial Aesistive Matarial J \-J:?ng-ifaagownl;z}
& Base Material gages with 2-lead-

ies are capable of measuring all kinds of strain, rang- Classification | Jeriioy

ic strains to dynamic strains of some thousands Gage Length . Lead Wire Brovision.
v2ll as impact strains. Their application is almost un- in millimeters Figures indicate lead
¢ they are usable with all kinds of materials of all TR “r:"? ‘Zf_‘g“’ in i
fens and structures, without handling problems. in 2 (No indica- i Ca“°" -
‘oped with testing equipment in conformity with tion for 12092) |

ites National Aeronautical Standards (NAS 942) and
man Standards (VDI/VDE 2635), Kyowa is always
&tisfy the most demanding customer’s requirements.

Thermal Expansion
Coefficient of
SELCOM ga

Gage Parttern

Purpose Gages
1y for strain measuring of metals at
‘Mperatures and classified into two
gages and wire gages. Foil gages are
1 resistant foil (mainly copper-nickel
#veral microns in thickness bonded on
n film and etched in desired patterns
‘3ge configurations. They feature uni-
'Y, durability, large current capacity
~Naracteristics over long periods.
ages with lead wires are attracting
"ton as they eliminate the need for
3. Kyowa's range of gages with lead
“nsive and here too Kyowa can more
the fast increasing customer demand.
“nich were popular in earlier stages
"y of strain gages, are today used for
‘Dses only.

‘"ose Gages

' t0 general-purpose gages, Kyowa
'z following special-purpose gages 10
sible applications.

“Ongation gages/high temperature gages/
tlive gages/low temperature gages/
_3=ges/embeddment gages/bending gages/

Cs

“Ctor Strain Gages
! 3 semiconductor resistive element,

far greater sensitivity than foil or SELCOM Gage@

Wey can also be connectad directly Most of Kyowa gages are_of the SELCOM (Self-Temperature-Compensating)
type, which is free from the effect of temperature variations. It is 3 gage in

Bes for measurement. which the thermal expansion coefficient of the foil or wire is cantrolled
- e If the right Iype of gage is used for the right material, zero shift should be within
€ package bears the gage’s specifica- =1.8x10*/°C, which means that high accuracy measurement is assured.
'the ca f uit- SELCOM gages can be supplied in six types depending on the application —
5 _0 the S_ELCOM gage.s, 3 e wood, construction steel, stainless steel, aluminum alloy, and magnesium alloy.
9 materials for immediate identifi-
"Oper application == Co wE= ; Py
Ll | <% Compatible — | Thermal expansion | Lastfigure/s |- g
| =% measuring object - = 'coefficient |~ incoding .| -’ ,,mbr
| woed s0x10%°c | 5 =
[ Ordinary stesl, concrete 108x10%/°C | 11 Red
Stainless steel ' 162 x 10%/°¢C | 16 | Orange
Aluminum alloy | 234x10%°c | 23 | Green |
| Magnesium alloy | 27.0x10%/°C 27 Y eliow
Plastics | ss0x10%°C 65 =




Kinds & Characteristics

inds and

Foil Pheaster Gage Cu-Ni 1O . i & PC-§, CC-33A, | General/rasidual
g XFC Fail Phester 196~+150 +10~+100 5% 4.5x10 PC-12, strass, wansducer
c
2} Foil Strain Gage Special i __ , PC.G, CC-33A, ] Gensral suwress,
é KFR Allay Fail Polyimide ~196~+180 O—~+150 22% ! 10x 10° PC-12, EP-18 rransduces
_—é Fail Palyimida Gage Cu-Ni - " - ‘ ry PC-6, CC-33A, | Genearal/residual
& KFD Fail Polyimide | —196~+200 ! +1o~+100 28% | A0x3D PC-12, EP-18 | stress, transducer
L] H
2 ! Paper Gage Cu-Ni - - ; s CC-33A, | General stress,
K Wire Paper —100~+80 ! +10~+80 1.5% { 1.6x10 ac-1t [ plaster model test
Foil $train Gage Speciat o 168 i - s P pC.1 | General srress
3 KEH Alloy Foil Polyimide 198~+250 +10~+250 2.1% i 20x10 C6, PC-T2 | under high temp.
::1 i High Temp. Fail . ‘i ] } |
i Gage e i | Amesas | ~50~+350 | +10~+300 1.0% | 20x10° | P32 S:;‘::"hi;:t’mp
H KFaA M : i ; )
= i High Tamp. Gage Ni-Cr N e | _ | i ! Spot Welding | General stass
7:-4 ‘ KH-G3 Wire Ni-Cr 50~+500 ; O~+500 ; 0.3% i 1x 10% HC-25A under high temp.
2 | High Temp. Gage Special Stainiess e ¢ - | ] .2 ) General stress
KH-G4 Alloy Foit steel i S0~+350 ! +10~+300 | 0.5% : 1x107 Spot welding * uader high temp.
25 Foil Strain Gaga Special L I mpges P . i ' 5 PC-6, CC-33A, | General stress
hi-H KFL Alloy Foil Palyimide 269 120 ; 200~ ~350 i 2.2% : 0% 18 Uc-26 under low emgp,
, High Eleng-Fail NG ! ! : High el i
Gage e Polyimide | —10~+80 . Po1o®m ] 1.0x10 EP-18 mgnli‘fzgr:z:';:s
KFE i '
Ultra High Elang. : . | 1 i :
Cu-Ni Soecial \ ; i " EC-30 High eiongatian
: 10~ ! . : .
Foit Gage Wira [ Plastics 0~-80 | t 20% ! Vg CC-33a mainly in plastics
KLM ! | [
High Elang. Gage Cu-Ni gt . i s High elongation
KL Wire ! Paper | 10—+860 | 4 6% Tax 10 EC-10 mainly in wood
2 Fail Gage for . : i |
23 Plastics g;:‘" Phester -20~-80 ' +io~+60 | 3% | 1x1¢° cC-33a Gﬁ:::r:s' e
ks KFP : - : P
éi - Water-proofed Gage Cu-Ni I —10~ 10~ + i 4 CC-334, Curdeor,
Ei KFEW Foil } Pheszer i 16~+30 [ +10~+30 | 2.6% | Ixie | PC.12. EP18 underwater
Foil Phester Gage Cu-Ni #h E 196~ L 1p~ : . o PC-6, CC-33A i
KEC Foil ester f 86~ 150 : 10—+100 28% 45 x 10 Pc.12, EP.1E | Genearal stress '
[l . A al
Fhester Gage Cu-Ni bR i - i - i s PC-6, CC-33A ! \
ke Wire aster i 196—~+150 : -10~+80 1.8% i 1.5 x 10 PC-12, EP-1B i Ganerai stress i
: Embeddment Gage | Cu-Ni L ime ! . : ' [ internat seessin |
L M Wire ! Acryl : 10~+70 1 0~+50 : 0.3% : - Embeddment | morar or alike ‘
| Non-inductive Gage | Speciai . | - ; ) i i . { i in AC i
KEN Aliay Fail | Polyimide . ~735~+780 | 0~+150 | W 1x3g 1! PCB.CCI3A 4 | agnetic fiels I
| Nonsmagneto- Speciar | | : ; { PC6, CC-33A, | I
I3 rasistive Gage Ar:f:-;awne ! Phencl I —196~+180 | . . 29 15x 10° PC.12, EP18, | ;:1120 magnetrc :
I KBN ? ! ; 1 | PC-13 Pt |
: | Shielted Gage CuNi i [ ssmwtsg | T 5 . | PCEPC12 | Underhign !
1 KEe o | Phenci | —196~-150 |- 10--100 . 05% | 1x10 | cCa3a | Sorential
T . . E ; ] H i : " Bending stress in
22 Bending Strain Gage | Cu-Ni i Prasti C o gg~e Y o0 . | ! +? CC-33A. | = i
:,; KEF Fail ics ; g~+80 i +20 &0 | Q.2% ‘ ax10* PC-12 EP-18 : high pressurs ‘
a ¢ i i wessals |
: Generai Purposs ; : ' . .5 I ]
P.type Si | Pheno ! _50~+170 . 1 PC-12, General stress.
; Gage P i i : : : 0-3% ! 2x 10° CC-33a L rransauser i
" Duai-slement i : : i ! Zero-drifr 1
saif-temp. Prype 5i Fh ; { 50~ 170 | e20en : : -3 PC-12, | temperature !
. cOMmpensating N-type © | ans : 2 20~--70 : 3% 2x 18 CC-33A | compensared/ ;
KSP-F2 i ; : ! i general strain !
" Seif-tamperature o } i : ] .3 PC 12, EP17 | Zerodriftrem- ‘|
comp. M-type 51 Phenol | —S&~-17¢ | -20~+70 0.3% 2% 105 {ES anly), I perature compen- !
’ KSN : ; i ! CC-234 | samed/transducer |
 High Qupat FaypeSi | Phenal | _so~-170 . i - fCa2, High eutur
KSPH i ! I T P 0 zx1¢° cCc-334a transcucer !
; - . : L ' 1 : Transiucer with |
: . ] .3
[ Ulra H'Iﬁ("s';‘L"“”“f Potyge Si | Prenal I—S0m-1T0 . Lo 2x 10t ggi;; fine outpur |
i i i ! ! | linearity |
i E j *Seif-temn- Lin ae- Strain lavel Colorea letters | !
; | perarure { cordance | in accardancs | and figures
: ! compensat- ‘ with with NAS: indicate adhe- |
! ling type | NAS -1500x10° sives usad for i
Aemarks § | tSELCOM | =} hait ampii- | characteristics | i
9 | GAGE] not | tude SOOxTA™ | testing. : ‘
I[ i availaola. ! =3 alrarnating i |
i : | =500x10° }
] ; i *? altarnating i
i ! i ! -tooaxi0”® !

“#cifications are subject ro change without notice for improvemnent.



eral Purpose

|-Purpose Gage

e

C1iwith 3 lead wires)

>

{

18 lwith 2 lead wires)

- _—

Dimensions (mm) -

| Grid
width

length

KIFC Phester Foil Strain Gage

This gage has a metal foil sensitive element back-

the thermo-curing and room-temperature-curing
types, and features ease of bonding, superior

creep characteristics, and is versatile in applica-

ed by phester, phenol resin degenerated with tions.
epoxy, and is compatible with maost adhesives of
(with 2 lead wires)
KFC-5-C1.11 L30 The last figure/s in a
KFC-5-C1.11 L1000 gage designation indi-
KFC-5-C1-11 L300 2.1 5 2 T0x3.4 cates the fength lin
KFC-5-C1-11 L500 r em) of 2-conductor
| paralie! vinyl clad
E;C-Z-C:-:: L?g ; copper leads with the
< ch'g{.' 1 Laou 2.1 2 2.3 7.2x3.7 | 10 | exception that gages
BFE' .C 11 L3ao0 & of which gage length
-2-€3-11 LS00 i is less than 1mm are
KFC-1-C1-11 L15 4 with polyesier clad
KFC-1-C1-11 L30 2 ! 14 ! 4.2x2.8 copper leads.
E;gg;’g;:; t;g 2.1 0.3 1.4 | 3.5x2.7 Also available upon
i - | | reguast are: Gagas
KFC-5-D16-11 L30 | [ with 16 in the end
KFC-5-016-11 L1040 ] ot its designation
KFC-5-D016-11 L300 i ! 24 5 19 [ 11 (for stainiess steel);
KFC-5-016-11 LE00 i i l 23 (for aluminum
T 120 ! ; alloy); and 27 (for
KFC-2-D16-11 L30 ‘ f ‘; | magnesium attoy .
KFC-2-D16-11 L.100 ! 21 2 14 | g8 ! !
KFC-2-D16-11 L300 i . - i ]
KFC-2-D16-11 L500 : { : PC-B o
KFC-1-D16-11 115 ‘ | | oles ot |
S1-bae-1 L : lpe-12 i
. 4 !
KFC-1-D16-11 L30 L 2 ! I ! L ot ? | -1~ +80°C
‘ , 5 |
KEC-5-D17-11 L30 ! i : CC--’?A .
KFC-5-D17-11 +.100 i 1 | —30 ~ +80°C
KFC-5-D17-11 L3090 2.1 5 L | EP-18 . E
l_i(FC-E-D‘(?/‘H L5900 : ‘ \ i | -1w~r80°C
[ KFC-2-D17-11 Lao J l i l‘ i [
KFC-2-D17-11 L1Q0 ! : | ‘
KFC-2-017-11 L300 212 [ A i |
KFC-2-D17-11 1.500 ! i f '
KFC-1-D17-11 L.15 T J _ i !
l;KFC-IADﬂ'-H L3g E 21 oA oes {

(with 3 lead wires)

KFC-5-C1-11 L500-3

| e 2]

KFC-2-C71-11 L500-3

5 T 20 TTOXS.QI

— 120 T
e XN

2 | 23 [r2x37]

With Sm 3-lead-wire

T
I
|
:

(Standard type)

Gages for use with stainless steel (16 in the designation end), and alumi-
num alloy {23) and magnesium atlgy (27) are avatiable upon request.

; _ : —
| KFC-30-C1-(11, 18, 23, 27} | ' 21 | 30 | 33 | amsz | |Pcs i
| kKFC-20C1-011, 16, 23, 27) | 21 | 20 | 5 | 28x8 ' PC‘:,‘?E TIeC
| : — T ) s !
| KFC-10-C1-(11, 16,23, 27} | o2 f o103 16x5.2 —-196 ~ +150°C
N N ‘ ; ms ‘ | cc33a |
| KFC-6-C1-{11, 16, 23, 27} b2 ‘!r & E 1.7#10;(3.4 10 [ 186 ~ +120°¢ 1
{ KFC-5.C1-{11, 16, 23, 27) | 21 1 5 | 22 ! 1ox3s | eps . i
1 — : — 50~ + !
| KFC-3C1-{11, 16, 23, 27) | 21 0 23 | 22 | sxs2 | ; go~r00C
l_ " ¥ T !
| KFC-2C1(11, 18, 23, 271 | a1 | o2 | 23 7z 5 Gage pattern DS and |
| KEC1-C1- ] H ; i ] 4 D19 gages are with |
! C-1CY(11, 16, 23, 27} | 120 : 21 1 1 1.4 148x2 ‘ | 10Gmem long paiy- |
| KFC-03-C1-(11, 18, 23, 27} | 21 b oa !l o1s asx2al ester clad copper |
CKFC-2.01-(11 ‘ r i 7 T = ieads. Qther gages |
- (11,16, 23, 27)‘_E L 21 2 . 32 - 19x8.5 ; are with 25mm long R‘
. RFC-2-02-(11.16, 23, 27) | P2 bz ) 3.4 | 127 | silver clad copper s‘
¢ XFC-2-03-(11, 186, 23, 27Jﬁ§ , 21 ; 2 | as r 11x11 ,; . | leads. |
| KFC-2.04-(11, 18, 23, 277 | Far ] 2 34 | 12x12 | [
KFC-1-D4-(11, 16, 23. 271 | iEx 1 13 | 7x7 | L
f — !
KFG-2.06-(11, 16,23, 271 | [ 2.4 2 34 | 1ma7 |




High Elongation - for Plastics - Waterproofet

ifh Elengatian Strain Gage

A9

Ad

[F——

i, R::s;t- Gage Dimensions {mm} Gages A:plic;dlh
ype value factor Gage | Grid Basa per | | hasive
(21 | APPI | tangth | width | Lxw | Pack - Remarks

KIFE High Elongation Faii Strain Gage

When used with CC-15A adhesive, this gage exhi-
bits epoch-making foil gage performance in that
it measures high elongation strains as great as 8
to 10%. Superjor in creep characteristics and gage

factor unifarmity to conventional high-elongz
tion gages. Can be used in the elastic region in th.
same manner as general-purpose gages.

KFE.5-C1 20 5

EP-18 up 10 app.

2.0 11x3.4 10% strain

120
KFE-2-CT 2. 2

10
EP-18 up to app.

2.2 8x4.2 8% strain

KM Ultra High Elongation Strain Gage

With a special plastic film as its base, this gage is
50 constructed as to prevent Stress concentration
from occurring at the juncture of the resistive

element and gage lead. It can be used on a smalie:
range of elastic material such as hard rubber o1
plastics.

KLM-6-A8 120 1.9 6.5

EC-30 up 10 app.

3.8 |172.5x75 10 208 strain

KL, High Elongation Strain Gage

With carefully selected Japanese paper as its base,
this gage permits ease of bonding to wood and

other parous materials.

KL-10-A& 1.8 10
120

.10 .
28 28x10 EC up to app W

6% strain

KL-6-A4 1.8 [}

10
EC-10up 10 app.

4.8 20x10 6% strain

KFP Foil Strain Gage for Plastics

This SELCOM gage is suitable for comparatively

characieristics permit highty stable and accurate

______‘_,_,__1—--——r hjgh elongation straing in pdastics and other mate- measurement,
- x4 rials. Ease of bonding and superior temperature
—
KFP-2.C1-65 2.1 2 2 10x4.7—l CC-33A —20~+80°C
<FP 18 120 3 Use surface treating
Cc1 5-C1-85 2.1 5 2.5 T )‘5'2] 1g | @gent, 5-8 together
K FP.2.350-C1-65 2.1 2 2.4 | 10x5.2 | for cementing Teflan,
350 1 thyh .
| KFP-5-350-C1-65 2.1 s 26 13x5.ﬂ polyethylene, etc
“erproofed Strain Gage
|~ —
o KIFFW Waterproofed Strain Gage
. " _— WEterD_’OOf construction with a coating of spe- flexibility of the resin used, ease of bonding even
— : ciai resin on this KFC-type gage permirts outdeor to curved surfaces is insured.
and even underwater spplicarion. Due to the high
(with 2 lead wires)
C1 KFW-5C1-(11,16.23) L1600 | cc-33A
KFW-5-C1-(11.16,23).500 | 21 5 2 30x12 _10~+g0’C
. 1 . 10~ °
] e —— KEW-2-C1-{11,16,23)L100 2.1 2 2.3 30x12 ° Zg }lg :tlg...:gg‘-’g
: KFW-2.C1- ! : -~ * e
i VQ‘_ : —= 2C (”'16'23“'502__‘ Tha last figure in a
: i KFW-5-D16-(11,16,23).100 | type designation
e —
KFW-5-D16-{11.16.23}L500 i ‘ 2.1 5 1.8 | 21x18 indicates the length
;120 ; {crm) of 2 paraile:
KFW-2-D16-(11,16,23)L100 | i ; >
D186 KFW-2.016-(11.16.231L 500 i l 2.1 2 1.4 21x18 \nm{i lead wires.
. 5 No insulation resist-
KFW-5-D17-(11,16,23}L.10Q | I 21 5 i | 21x1m arica decraase with
| KFWW-5-D17-(11,16.231L500 . P 8 L 2x over 100 hours’
KEW-2-017-{11,16. 221100 | water subm?rsion
KFW‘2'017‘(11,15,23)L500 i ! 2.1 2 1.4 21x18 {100 kg/em”).
{with 3 lead wires!
D17 [ FW-5.C1-(11.16 2315003 T2 5 2 ] aoxtz | with 3 parailel vinyi
| KFW , 120 ¢ 10 | lead wires, Sm long
o [ KFW-2-CT-(11,76.23)L500-3 | |21 2 2.3 3o0x12




APPENDIX C : ii

ii}  Kyowa Electronic Instruments : CAT. NO. 3002A

147



~YOWA CAT. NO. 3002A

FG SERIES

COMPLETE LINE OF NEW FOIL STRAIN GAGES
iling easier, more accurate strain sensing and analysis

b

KYOWA ELECTRONIC INSTRUMENTS



Principle of strain gages

When pulled or compressed,
#metal changes its electrical
resistance.

Metal

This change is proportionate to
the magnitude of occurring
dongation or compression.

&l is, a strain, tensile or com-
=3sive, of a metal can be detected
sasurement of a change of elec-
resistance. This is the principle
-

ain gage.

=)

hty

The structure of a strain gage
irain gage is so constructed that a
F2l resistor element, ie. a metal foil
1. is formed on a carrier matrix
Lking) made ot an insulation

al such as plasctis. This metai
element changes its electrical
“stance in proportion to the

EInitude of an external load applied.

Leadwire

0

\

Foil grid

A strain gage is bonded to the
‘Urface of a measruing

Cojective.

[72in gage is bonded to the surface
i Measuring objective using an ex-
Lsive adhesive A strain gage is then
“cated or compressed in one body

"I 2 measuring objective. ‘

Pulled

When pulled, a metal’s electrical
resistance increases and when com-
pressed, it decreases.

—= Compressed =—

® Strain amplifier is a “must”.

A change of electrical resistance thus
detected is very small. Generally, this
detection is made in the form of a
voltage signal from a strain-gage
bridge circuit. Hence, there is the need
for a strain amplifier which excites a
bridge circuit and sufficiently amplifes
a generated voltage signal.

: b X
| T Y|
J i (N (s
| /J i ‘ ‘ ]
I )1 | (S
. 1 | Strain
X | amplifier |

exciting
power

|
,

= A strain gage also serves as a
sensor device
Strain gages are actively serving in all
industrial and research fields as not
only efficient measures of stress
measurement but also sensor devices
with which all physical variables are
converted into electric signals.

=Torque N

Strain gage

*Acceleration ¢

Strain gage

® A variety of peripherals from
Kyowa
Many peripheral instruments are
available from Kyowa including in-
strumentation tape recorders and data
processing equipment: the former
record physical variabies of all speeds
from very fast (vibration and impact) to
very slow (lasting over many hours);
and the latter serves data processing
and analysis on measuring sites.

11!




Strain gage coding system

£AIZS DESIGNATION

KFG-1

0-120-C1-11
= e S

SELF-TEMPERATURE-COMPENSATION (S-T-C)

EXTENSION LEADWIRE

LEADWIRE LENGTH

NUMBER OF LEADWIRE CONDUCTORS

COLOR OF LEADWIRE

2R

|=*|

b

S

&0:30 mm 2N: 2 mm (%)
10 mm 1 :1Tmm
% 5mm IN: 1 mm (*)
L 3mm 02:02mm
Z 2mm

Small matrix model

L. . l

C1 X Uniaxial
%
= ]

Z 1 N

U18: Biaxial, 2-element
90° stacked rosette

*C1 pattern with 2-wire flat cable

R: Red (standard)
White(W), green(G), yellow(Y) and black(B) are
available upon request.

*C1 pattern with 3-wire cable

R: Red stripes (standard)
Blue(L) and yellow(Y) are available upon request.

» D16 pattern with 2-wire cable

S: Red (0°) and white (90°)

* D16 pattern with 3-wire cable

S: Red stripes (0°) and yellow stripes (30°)

* D17 pattern with 2-wire cable

S: Red (0°), green (45°) and white (90°)

* D17 pattern with 3-wire cable

S: Red stripes (0°), blue stripes (45°) and yellow
stripes (30°)

017: Triaxial, 3-element 45°
rectangular stacked rosette

15C: 15 cm iM:1m
—— 30C:30cm 3M:3m
5M:5m

L: Stranded copper wire, flat cable,

N:

vinyl insulation
Solid copper wire,
polyester insulation

S-T-C| Thermal expansion | Matrix
Code|coefficient (PPM/°C)| color

Applicable material

11
16

10.8 Red Iron, Concrete
162 - |Orange| Stainless steel, Copper
234 - |Green | Auminum, Tin

270 Yellow | Magnesium




FG gage listings

teral performance * Gage dimensions
resistance: 1200+ 0.4Q2 or 1200+0.80 J Matrix length
factor: 210+10% O
s life: 1x 107 cycles (strain level: =1500 micro-strain) | | Gage length |
*limit: 5% (at room temperature) [
ge resistance: 100MQ = i
snsated temperature range: +10 to +80°C = Jg
iting temperature range: —20 to +100°C = F
b
b E
S |§
. =
iaxial gages
Dimensions (mm) G .
i ages | Extension
Gage pattern Type (+) “"5‘(55)3’“’9 Sage | Gage | Grid | Matrix |Matrix| per | leadwire | Remark
length | width | length | width | pack | length
—— ee—————
=
x1
KFG-30-120-C1-XX 120+0.4 21 30 a3 ar 52 10
KFG-30-120-C1-XX N15C 2 120+0.8 2.1 30 33 37 52 10 15 cm
KFG-30-120-C1-XX N30C 2 12008 21 30 a3 37 52 10 30 cm
KFG-30-120-C1-XX LIM2R  120+08 21 30 33 a7 52 10 1m
KFG-30-120-C1-XX L3M 2R 120+038 21 30 33 a7 52 10 3m
KFG3120C1 XX LSM2ZR  120+08 21 30 a3 37 52 10 5m
s\s= —n
KFG-30-120C1 XX L3M 3R 120+038 21 30 a3 < SR 0 10 3m Zwire
KFG30-120C1-XX L5SM3R  120+08 21 30 33 a7 52 10 5m system

"2ns are subject to change without notice for improvement. (+): Insert desired S-T-C code in spaces marked XX.

6



~d

instant adhesive is exclusively
Ined for use with KFG gages and
des superior workability. Used
KFG gages, the adhesive fully ex-
s its high performance.

2grx1

2grx5
Ethyl-ce-
cyanoacrylate

—196 to +120°C

One-minute
thumb pressure,
05 to tkgficm?

4 months at +10°C
5% at +25°C

"cable gages § KFG, KFC, etc.

mGage characteristic data
o Fatigue life '

The result of a test conducted
in conformity with NAS 942
Std., shown at right, has proven
a fatigue life of 12x10° cycles,
far superior to conventional
gages.

CHANGE IN INDICATED STRAIN (MICRO-STRAIN)

® Strain limit

KFG gages has proven a strain
limit of 5% or higher, which
doubles the strain limit of con-
ventional gages.

® Leakage resistance

KFG gages deliver leakage
resistance far superior to con-
vential gages thanks to the
newly developed backing.

| KFG-5-120-Cl-11
| Ned
100~ ! Moz
50+ No3
MAK G e =~ o0 KFCS-CI-
—50r Nl
No.Z
_| -
:.g. . No3
- KFG-5-120-Ci-11
ZERO QO = - ~ . GAGE INSTALLATION |
i — S
L FAILED AT
—1 . | 120%10* cYCLES
100+
s50r < KFC-5CI-11
MIND Sz | GAGE INSTALLATION |
—50r o - NO.I |
L FAILED AT
=100} 3.9 |0* CYCLES
0 2 4 &6 8 10 12
X 10%CYCLES
r T 2i0e | KFGS-I20CIel
7+ KFG-5-120-C1-1 11, 9% | Ng| —C—o
[ STRAINUMIT . GF=214| No2—O—
ar 52% — 0% Ho 3 —a——
é‘f E KFC-5-C1-11
= S : No.|' —@—
= 5 No.Z —a—
I 2 No.3*
=z 77 KFC-5-Ci-ii
S I (2= STRAIN LIMIT
g a SN
= 28%
T 2r :/
o it 2 3 &« 5 & 1
MECHANICAL STRAIN(%5)
’mr | KFe-5-120-C1-m
1 —_——
MO - w
& Wm —— = = | KFC-5-120-Cr-1t
ER R | —o—
=] | [
o WX -
: 0 -
8 omE
=
=
o
£ ar : :
'3 i+
2 ml |
: |
2
¢« 8 1z B X

14
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1) POWER SUPPLY CIRCUIT
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iti) DATA SHEET : 1B32 AN Signal Conditioner
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ANALOG
DEVICES

-

Bridge Transducel
Signal Conc!itionel

FEATURES
Low Cost
Complete Signal-Conditioning Solution
Smalf Package: 28-Pin Double DIP
Internal Thin-Film Gain Network
High Accuracy
Low Input Offset Tempco: £0.07uV/C
Low Gain Tempco: *=2ppm/*C
Low Nonlinearity: =0.005% max
High CMR: 140dB min (60Hz, G =1000V/V)
Programmable Bridge Excitation: +4V to + 15V
Remote Sensing
Low Pass Filter (fo=4Hz)

APPLICATIONS

Weigh Scales

Instrumentation: Indicators, Recorders, Controilers
Data Acquisition Systems

Microcomputer Analog /O

'ENERAL DESCRIPTION

fodel 1B32 is & precision, chopper-based, signaf-conditioning
mponent ideally suited for high-accuracy applications of load
dls and bridge transducers. Packaged in a compact 28-pin

lastic double DIP, the 1B32 takes advantage of hybrid technology
It kigh reliability as well as higher channel density. Functionally,
e signal conditioner consists of three basic parts: a high per-
‘mance chopper-based amplifier, 2 low-pass filter and an ad-
stable transducer excitation source,

% chopper-based amplifier features extrernely low input offset
apeo of +£0.07uV/C (RTI, G=300V/V) and excellent non-
tearity of +0.005% max over its full gain range of 100 to
KV/V, The 1B32 has a thin-film resistor network for pin-
“2pping the gain to 500V/V or 333.3V/V (for 2mV/V and

IV/V load cells). The gain tempco for these fixed gains is a
Ehly stable + 2ppm/°C. Addirionally, the gain can be ser to

¥ value in the gain range with two external resistors. The
iplifier also has a2 wide-range inpur referred zero suppression
Pability (+ 10V), which can easily be interfaced 10 a VA
Iverrer, The bandwidth of the chopper is 4Hz at G = 100V/V.

'* integral three-pole, low-pass filter oﬁem a 60dB/decade roli-
t{rom 4Hz to reduce common-mode noise and improve system
Tal-to-noise ratio.

it 1B32’s regulated transducer excitation stage features low
‘put drift (= 40ppm/°C typ) and can drive 1200} or higher
UStance load cells. The eXcitaton is preset at + 10V with

r volrages between +4V and + 15V programmable with
“2rnal resistors. This section also has remote sensing capabiliry
dlow for jead-wire compensation in 6-wire load cells and

“r bridge configurations.

Fmation furnished by Anatog Devices is believed 10 be accurare
- felighle. However, no responsibility is assumed by Ansiog Devices
5 use; nor for any infringements of patents or other rights of third
"es which may result from its use. No ticense is granted by implica

or otherwise under any patent or patent rights of Analog Devices,

VOLTAGE EXC. ADU. BRIDGE
SENSE EXCITATION

+WPUT
ZERD

SUPPARESSION AMPLFIER

= INPUT

ZERQ AD. GAIN SELECT

The 1B32 is fully specified over the industrial (—25°C to +85°C)
temperature range.

DESIGN FEATURES AND USER BENEFITS
Pin-Strappabie Gain: The internal resistor network can be pin-
strapped for gains of 500V/V and 333.3V/V for 2mV/V and

3mV/V load cells. The tracking network guarantees a gain tempca
of +6ppm/°C max.

Custom Trimmable Network: For volume applications, the
1B32 can be supplied with a cusiom laser trimmed gain network.
Contact factory for further information.

Wide Range Zero Suppression: The output can be offset by
+ 10V for nulling out a dead load or to do a tare adjusument.

Reinote Seasing: Voltage drops across the excitation lead-wires
are compensated by the regulated supply, making 6-wire load-cell
interfacing straighrforward.

Programmable Transdacer Excitation; The excitation source is
preset for + 10V dc operation without external components. It
is user-programmable for 2 +4V o + 15V dc range (@ 100mA)
10 optimize transducer performance.

Low-Pass Filter: The three-pole active filter (fo = 4Hz) reduces
60Hz line noise and improves system signal-to-noise ratio,

\

One Technology Way; P. 0. Box 9106; Norwood, MA 02062-3108 U.S.A.
Tel: 617/329-4700 Twx: 710/394-6577
Teiex: 174059 Cables: ANALOG NORWOCDMASS



LIFIGATIONS i @ + 25 antv, = 154 s ctrrwse mo

1B32AN
lange 100V/V 1o S000V/V
al Gain Serting 333.3V/V and 500V/V
. Re
quation 1+ E
‘quation Accuracy’ =0.1%
‘mperature Coefficient? = 2ppms/°C ( = 6ppmy”C max)
sonlineagity = 0.005% max
[VOLTAGES
Jifset Voliage, RTI
al, @ +25°C, G=1000V/V +40pV
™-Up Drife, G = 1000V/V, 10 min Within + pV

lemperature ( —25°C to + 85°C)

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

l‘————-— 0.86(21.8) MAX —-I _L

0.25
..L {6.35) MAX
0.15 f
{3.8) MIN 0.01{0.25)

e .- T — ....?__‘__. —‘1r

—Oo M ———— 15 °+

e T o

—— e o

T — - o,___

= 1000V/V +0.07uVrC{ =020V C max)
:Other Gains + (0‘06 * l(;—s)w/“c
1Offser Adjust Range =10V
JIIASCURRENT

125°C +3nA
‘emperature{ —25°C 10 + 85°C) = 50pA/SC
JFFERENCE CURRENT

L +25°C *3nA
..Empcra[ure{ —25°C 1o + 85°C) + 10pA°C
LESISTANCE

ntial 100M0
on Mode 100MOQ
"OLTAGE RANGE

Differential Input 0.1V

‘um Differential Input +5V

1put Range Q0 +7.5V
1K) Source Imbalance®

VIV 10 S000V/V @ dc 86dB
VIV, @ 60Hz 120dB

DOOVJ’V (“ 60Hz 140dB min
\OISE
=G =1000V/V
210 10Hz 1V p-p
LG =1000V/V
10 10Hz 3pApp
OUTPUT .
£:2k01 pad, min > 10V
q = SmA
aice, dero 2Hz, G= 10QV/V 0.602
<pacitance SO00pF
*Short Circuit Duranon {to Ground) Indefinite
rC RESPO\ SE

‘ignal Randwidth
‘B Gain Accuracy, G=100V/V AHz

G=1000V/V 3.5H=z

<le 20V/sec
“wer 0.5Hz
3 Time, G = 1OOV/V, = 10V Ourput 2sec

0= 1%
SSFILTER
erof Poles 3
Fraguency ( — 3dB Point) 4Hz

i 60dB/decade

{Continued on next page)

e L] R, I
BOTTOM VIEW - j+— 00501271 GRID
PIN DESIGNATIONS
v
PIN | FUNCTION | PIN | FUNCTION
1 | +INPUT P15 | —Vs
2 1 —INPUT | 16 | COMM
3 | INPUT OFFSET ADJ 1 17 | +Vs
4 |NC {18 | +VsREG
5 [NC | 19 | REFQUT
§ |NC ! 20 |REFIN
7 InNC {21 | EXCADJ
8 |SIGNALCOMM ;22 [NC
3 |EXTGAINSET lz3 [nNC
10 |3333GAIN i 24 [ NC
111 | 500GAIN © 25 I NC
12 | GAINSENSE P26 | SENSELOW
13 | GAINCOMM ' 27 | SENSEHIGH
14 vour 128 | VexcOUT

s



Hodel 1B32AN
SRIDGE EXCITATION
Regulator Input Voltage Range +5.5Vto +28V
Output Voltage Range +4V i + 15V
Regulator Input/Output Voltage Differential +3Vio +24V
Output Currens* 100mA max
Regulation, Output Voltage vs. Supply +0.05%V
Load Regulation, I; = 1mA 10 50mA *+0.1%
Output Voliage vs. Temperature (— 25°C to + §5°C) = 40ppm/°C
Outpur Noise, 0. 1Hz to 10Hz* 300V p-p
Reference Voltage (Internal) +6.8V £5%
Sense & Excitation Lead Resistance 10} max
*OWER SUPPLY
Voltage, Rated Performance +15Vde
Voltage, Operating *12Vio = 18Vdc
Current, Quiescent® +4mA, — lmA
INVIRONMENTAL
Temperarure Range
Rated Performance —25°C1o +85°C
Operating —40°Cro +85°C
Storage —40°Cro +100°C
Relative Humidity 010 95%, Noncondensing, @ + 60°C
‘ASESIZE 0.83"x 1.64"x0.25"
N — e (211X 407X 6.35mm)max
‘OTES
“sing inrernal network for gain.

*or pin-strapped gain. The tempeo of the individual thin-film resistors is = 50ppmy/°C max.
¥ p-p 60Hz common-maxde signal used in test seTup.

Jetate 2mA<C from + 50°C.

7uF capacitor from REF IN (Pin 20) 10 COMM.

cluding bridge excitation current and with no loading on the output.
»vifications subject 1o chznge without notice.

AC1224 Mounting Card AC1224 Connector Designation
i_,i 51118 3 -
[ (\_’_-:OFWE INPUT OFFSET EXCITATION ADt \::ﬁ
; %/ Gan 5 0 o . @ﬂ PiN | FUNCTION PiN | FUNCTION
A2 TRt TPZ  TF3 O | m2 i
Fol "ol i O] T | VexcOUT 1 | +INPUT
semzs b | lo | L | U | SENSEHIGH 2 | —INPUT
= = V | SENSELOW 12 | Vour
I X REFOUT 19 —Vs
! e g§ § = Y REFIN 20 | COMM
o e g g emmes Z | EXCADJ 21 | +Vg
e Eg g o : 22 | +VsREG
H—"] Q o ; N
R 13 8 L ——"W] !
moei{—_Te (8 8 |
o= te i . . .
| The AC1224 mounting card is available for the 1B32. The AC1224
Poars| ‘* is an edge connector card with a socket for plugging in the
i =9 1B32. It addition it has provisions for switch selecting internal
P l a [ . . .
1y ﬂﬂ ﬂ ““ﬂﬂnﬂ{rﬂ HH H ﬂﬂ ;ﬂ HPE H ﬂ ﬂ ] gains as well as installing gain resistors. Adjustment pots for
s offset, fine gain and excitaton are also provided. The AC1224

RERE N

comes with a Cinch 251-22-30-160 (or equivalent) edge
connecror.
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iv) DATA SHEET : LM 326 Voltage Regulator



National
Semiconductor

Voltage Regulators

LM125/LM225/LM325/LM325A, LM126/LM326

Voltage Regulators

General Description

Thess are dual polarity tracking regulators design-
ed 1o provide balanced positive and pegarive out.
put voltages at current up to 100 A, the devices
are cet for 215 V and 312 V outputs respectively.
Input voltages up to $£30 V can be used and there
is provision for adjustable current limiting. These
devices are avajlable in three package types to
accomodate various power requirements and
temperature ranges.

Features

Qutput current to 100 m

LM126, LMI26A)
Line and load regulation

Standby current drain of
Externally adjustable cur
{nternal current limit

+15V and +12V tracking outputs

A

of 0.06%

Internal thermal overload protection

JImA
rent limit

Cutput voitages balanced to within 1% (LM 125,

Schematic and Connection Diagrams

Dual-in.-Line Package

& w'e

i
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or LM326N

1Re y®

Order Number L M325AN_ LM325N,

Seu Packuge N14A

Metsl Can Package
«np

Order Number

or LM326H

LMIZSH, LM325H, LM12€H,

Ses Package H10C
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Absolute Maximum Ratings

nput Voltage

*orced Vo' (Min} (Note 1)

‘orced Vg~ (Max} (Note 1)

‘ower Dissipation {Note 2)

Jutput Shaort-Circuit Duration (Note 3}
Jperating Temperature Range

130V

-0.5v

H.5V

Internalty Limited
{ndefinite

LM126 -55°Cto +125°C
LM326 0°Cto+70°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics LM126/LM226/LM326 (Note 2)

‘ PARAMETER

COMNDITIONS MmN TY?P MAX UNITS
Qutput Veltage T,=25°C ]
LM126, LM3Z6 1.8 12 122 v
1.5 12.5 v
Input-Ouiput Differential 2.0 v
Line Reguliation Ve = 15V 1o 20V 2.0 HH mv
f, =20ma, T,=25C
Line Regulatl:on Over Temperature Range Vi € 15V 1030V 1, =20mA 20 20 mv
load Regulation I, =0 to 5GmA, V,, = "30V,
vg' 1,25 C 30 N} my
Vo' 50 10 my
13d Regulation Over Tempesatuie Pange 1, =010 50 mA, v,y = 130V
Vo' a0 0 Y
Yol 70 20 mvy
Tutput Voltage Balance T,=25'C
LM126, LM326 115 myY
250 my
Twiput Voltage Over Temperature Range PLPuan. B<lg €50 mA
LM126 15V < 1,1 < 30V 11.68 12.32 v
L4326 11.32 12.68 v
Temperature Statility of Vo 0.3 *a
fiort Cireuit Corrent Limit T,=25¢C 260 mA
‘nout Noise Voltage T,=25C.BW =100 10kH, 10¢ pVrms
ulive Standby Current T,=25C.1,_=0Q 1.75 ig mA,
egative Standby Current T, =25C. 1, =0 31 50 mA
=ng Term Stability 0z Talk Hr
nermal Aesistance Junction to Case {Note 4}
LMT126/LMI26H 45 ‘cw
Lretion to Ambient LM3IZ6N 150 "o

ate T: That voltage 1o which the output mey be forced without damage to the device.

intg 2: Unless otherwite specified, these specitications apply for T.=55°C to 1150"C on LM126, T.-0"C 10 +125"C on
M326, VIN'iZGV. Ly 20 mA, sy t00MA, Ppyay2.0W for t?m TOS H Package Iyay =100 mA. [y, =100mA,

uax™1.0W for the DIF N Package.

intg 33 1t the junction temperature exteedy 1507 C the cutput short cireuit duration is 60 seconds.

tte 4: Without # heat sink, the thermal resistance junction to embient of the TO-5 Package is about 150° C/W. With 8 heat
“¥, the affective thermal resistance can only approsch the junction to tate values specified, depending on the alficiency of

s gink.

10-40
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APPENDIX E

PROGRAM LISTING AND FLOWCHART

CONTENTS:

PUTCHAR.S03 : Assembler Language Program

MIKE]L.C : Anemometer Test; C-program code

Flowchart : MIKE1.C/PUTCHAR.S03

Flowchart : capture_data routine

Detailed explanation of MIKEL.C C-program code

INTEL 80C32 Port structures and initialization
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i)  PUTCHAR.S03 : Assembler Language Program
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80ChK52.

for text output.

PUTCHAR.S03
int putchar (int val);

Prints on serial port 0.
Can be modified for other

ware configurations.

——— e ———————————— T e . T s o o T e e D Aok e o S . T —— . ————

PUBLIC
RSEG

CJINE
MoV
MOV
LCALL
SJIMP
LCALL
RET

PUSH
PUSH
PUSH
PUSH
MOV
Mov
CINE
MOV
MOV
JNB
CLR
SJIMP
MOV
MOV
MOVX
ANL
JNZ
MOV
JNZ
MOV
MOV
MOVX
SJMP
MOV
MOV
MOoVX
PCP
POP
POP
POP
RET
END

putchar
R
io_stream
putchar
CODE

R3, #0AH, PLAIN
A, #ODH

R3,A

SEND_IT

P_OUT

SEND_IT

_R+0
_R+1

DPL

DPH

Rl, #lo_stream
A,8R1
A,#02H,1cd
A,R3

i53,A

TI,S

TI

s_out

DPH, #80H
DPL, #02H
A, @€DPTR
A,#80H
walt

A,@Rr1
command
DPL, #01H
A,R3
@DPTR, A
s_out

DPL, #00H
A,R3
@DPTR, A
DPH

DPL

_R+1

_R+0

)

e w

h Mg e we g vy g

-

e NS UE Mg mE mE Mg

SELECTED REG BANK

LF (\n)?
Yes, first CR

Address of SBUF
Wait for transmission

Jump out

Address H of LCD display
Address L of status register
Read status

Bitmask 'busy' bit

Repeat if busy

Test io_stream

lo_stream= LCD_DATA
Send byte

Jump out

io _stream= LCD COMMAND

Send byte
Clean up
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ii) MIKE1.C : Anemometer Test; C-program code



H******************************************************************/

MIKEl.C :
MIKE '92

Anemometer Test

*/
*/

H******************************************************************/

ude
1de
ude
ude

<stdarg.h>
<stdic.h>
<io51.h>
<math.h>

ne DATA
1® COMMAND
he RS232

ne LINE_ 1
e LINE 2
e CLEAR

Qo
Q1
Q2
Q3

® B o

®

ADCO_wr
e ADCl_wr

= ny
= ngy

= ng

= IlSE

= ug

= "NE

= ny
nNW
"NULL

io_stream =
X, Y1

offx= 128,
angle;
speed;
calfactor= 4;

init_display

io_stream= COMMAND;

putchar ( 0x38 ):
putchar { 0X0C );
putchar ( O0x06 ):
putchar ( CLEAR }:
io_stream= DATA;

init_rs232

ocutput ( TMCD, 0x21
output ( TH1, OXFD
set_bit ( TRi_bit );
output ( SCON, 0x70
cutput ( PCON, 0x00

capture data

DATA;

):
V3

)

0x00
0x01
0x02

/*

0x80
0xCO

/*

- 001

22.5
67.5
1i12.5
157.5

/*

0x2000
0x4000

/*

/*

/*

offy= 128;

( void )

Stream for ocutput

*/

LCD Commands */

Dividing Angles

*/

Hardware Addresses

*/

Text Strings */

Global Variables */

/* Function Set
/* Display Set
/* Entry Mode

/* Clear display

( void )
/* Set Timer 1
/*
/*
/*
/*

Start Timer 1

Reset SMQD

/*

*/
*/
*/
*/

Maode
Set Timer 1 Reload

Set Serial Port Mode

*/
*/
*/
*/
*/

Get average ADC read */



led char i= 0;
for ( i= 0; i< 250 ; i++ )
{
write_XDATA ( ADCO_wr,00 ); /* Start A/D conversion
write XDATA ( ADCl_wr,00 );
while ( read bit (INTO_bit) ): /* Wait for ADC
while ( read bit(INT1_bit) };
x+= (float) ( offx- read_XDATA( ADCl_wr )): /* Read
y+= (float)( offy- read XDATA( ADCO_Wr )):;
}
xX/= 250.0; /* Average
y/= 250.0;
process_data {3
angle= get _angle ( %, ¥y ):
speed=(int) get_speed ( X, ¥ )7
direction= get_direction { 3:
set_disp ( char function )
io stream= COMMAND;
putchar ( function );
io_stream= DATA;
get_speed ( double inl, double in2 )
return ( pow( (inl*inl+ in2*in2), 0.25 )* calfactor ):
get_angle ( double inl, double in2 )
return ( atan2( in2, inl )* 180/3.141593 );
*get_direction ( )
if ( Ix && ly ) return ( NU )
if (( Q3<= angle )|| ( angle< -Q3 )) return ( W )
if (( -Q3<= angle )&& ( angle< =-Q2 )) return ( SW );
if ({ —Q2<= angle j&& { angle< -Q1 }) return ( S )
if (( -Qi<= angle )&& ( angle< -QO0 )) return ( SE );
if ({ -Q0<= angle Y&& ( angle< QO }) return ( E ):
if (( QO0<= angle )&& ( angle< Q1 )) return ( NE );
if (( Ql<= angle )&& { angle< Q2 )) return (N );
if (( Q2<= angle )&& ( angle< Q3 1)) return ( NW ):
display data ( void )
set_disp( LINE_ 1 ); printf ( "$+3.0f %+3.0f ", x, Y )7
set_disp( LINE_1+11}; printf ( "%+3.0f ", angle );
set_disp( LINE 2 ); printf ( "S= %2.0u m/s D= " ,speed);
set_disp( LINE 2+12); printf ( "%s", *direction );

io_stream= R35232;

printf

( "Wind

ip_stream= DATA

main

Speed:

%2.0u m/s \n", speed ):;

( void )

*/
*/

*/



t_display ( )3
£ rs232 ()
ile { 1)

capture_data
process_data
display_ data

o~

R

wp W m
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iii)  Flowchart : MIKE1.C/PUTCHAR.S03
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MIKEL.C : ANEMOMETER TEST
FLOWCHART

Refer to explanation of MIKE1.C
C-program code in APPENDIX E : v START

INITIALIZE DISPLAY

: 5.1
INITIALIZATION
ROUTINES
INITIALIZE RS-232
5.2
e
! CAPTURE DATA 5.4

MAIN | !

PROGRAM | |

- PROCESS DATA 5.5 |

|

DISPLAY DATA 5.6
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iv)  Flowchart : capture-data routine
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FLOWCHART

The capture_data routine (5.4)

{ CAPTURE DATA
TR R

,_
i

| INITIALIZE A.D.C.l
| CONVERSION |

Refer to section 5.4 of the MIKEL.C
C-program code :

capture_data.

READ A.D.C. MLUE i
|

—
INCREMENT !
COUNTER

NO

WNHERAME

4.D.C. READING .
xf=250  yi=250
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V) Detailed explanation of MIKE1.C C-program code
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APPENDIXE :v

Explanation of the MIKE1.C C-program code

1. Header Files

The first lines of the program-code consists of the following directives :-

#include <starg.h>
#include <stdio.h>
#include <io51.h>

#include <math.h>

The #include directives at the beginning of the source file access the function prototype
declarations for library functions from headers. The details of how headers are accessed
are implementation dependent. #include is a way of combining declarations together for a

large program.

#include directives guarantee that all the source files will be supplied with the same
definitions and variable declarations. The properties of library functions are specified in

more than a dozen Header Files.
When the name of a library is bracketed by < and > a search is made for the Header File in

a standard set of places, for example, on UNIX Systems, typically in the directory
/USR/INCLUDE.
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1.1 The Standard Header <starg.h>

The standard header <starg.h> contains a set of macro definitions that provide facilities

for stepping through a list of function arguments of unknown number and type.

1.2 The Standard Header <stdio.h>

The Standard Input/Output Header File <stdio.h> includes input and output functions,

types and macro's defined in <stdig.h>.

<stdio.h> tells the compiler to include information about the standard input/output library.
This library implements a simple model of text input and output. A text stream consists of
a sequence of lines, each line ending with a newline character. The hbrary maintains
input/output control during system operation by ensuring that input/output functions are

implemented correctly.

1.3 The Header <io51.h>

This library contains information supporting operation of the 8051 family of

Microcontrollers,

The header file <io31.h> declares library register functions, type and macro's for the 8051

family of Microcontrollers for use by the compiler.

1.4 The Header <math.h>

The header <math.h> declares mathematical functions and macro's. This library uses
double precision floating point numbers. The powerful set of mathematical functions

provided by this library, particulariv the trigonometric and power series functions were
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most suitable for the software calculation of wind velocity and direction from the

information provided by the N/S and E/W channel analogue-to-digital converters.

For example in the get_angle routine for the software calculation of wind bearing/angle in

the C program-code the arctan mathematical function is implemented as follows : -

C-code :

(atan2 (in2, inl) * 180/3.141593 )

Trigonometric operation returned :

tan-1 (in2/inl ) in the range [ -w , 7 |

Angles for trigonometric functions are expressed in radians. Conversion to degrees is

implemented by muitiplying by 1800 and dividing by 3.141593 (r).

In the get_speed routine for the software calculation of wind velocity the following
mathematical function calculates the 'square’ of the N/S channel, the 'square’ of the E/W
channel, sums them, then calculates the 'fourth root' of the result and finally multiplies this
value by a calibration factor. The procedure is as follows © -
C-code :
(pow ((inl*inl + in2*in2 ), 0.25 ) * calfactor )
Mathematical function :

(in12 + in22)1/4 x calfactor
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2. The #define lines

The #define lines define the symbolic names and symbolic constants. #define takes the

following format : -

#define name replacement text

The #define lines define a symbolic constant to be a particular string of characters. Any
re-occurrence of name will be replaced by the corresponding replacement text. The

symbolic constants are written in uppercase letters.

2.1 The DATA, COMMAND and RS232 #define lines

#define name replacement text
#define DATA 0x00
#define COMMAND 0x01
#define RS232 0x02

The #define DATA, COMMAND and RS232 symbolic constants make program-code
easier to read and debug. It is easier to recognise and understand text in the program-code
than to debug program-code where hex-addresses appear frequently. These #define lines
represent the software stream for output to the LTN211 display and the RS-232 Serial

port.

2.2 The LINE_1, LINE 2 and CLEAR #define lines

#define name replacement text
#define LINE 1 0x80
#define LINE 2 0xCO0
#define CLEAR 0x01
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The #define lines LINE_1, LINE 2 and CLEAR are the symbolic constants for the
L.CD. commands for the transmission of ASCII characters to the LTN211 display
module. The starting address for line 1 of the display is 0x80. 0xCO defines the address

for line 2 of the display and 0x01 defines the clear display command.

2.3 The ADC_0 and ADC _1 #define lines

#define name replacement text
#define ADCO_wr 0x2000
#define ADC1_wr 0x4000

These #define lines define the hardware addresses of the North/South channel A.D.C.
(0x2000) and the East/West channel A.D.C. (0x4000).

2.4 The QO0, Q1, Q2 and Q3 #define lines

#define name replacement text
#define Qo0 22.5

#define Q1 67.5

#define Q2 112.5

#define Q3 157.5

The #define lines Q0, Q1, Q2 and Q3 represent the dividing angles for the software
calculation of wind compass direction and character string generation (e.g. "NW" text

string ) from the wind bearing/angle (e.g. 1200) value returned after the get_angle

routine.

Figure A 1s a geometric representation of the wind direction compass positions and the

wind bearing/angle relative to the wind dividing angles.
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3. The '"char" type name specifiers : Wind Direction Text Strings

char W []="W "5
char SW [ ]="8SW "
char S [ J="8S "
char SE [ }="SE "
char E [1="E "
char NE [ ]="NE "3
char N [ ] ="N " ;
char NW [ ]="NW "3
char NU | ]="NULL "

The char type name specifiers are character declarations for the wind compass direction
text strings used in the program for transmission of wind direction text information to the
display. These declarations announce the properties of the variables. Here, the 8 wind
direction compass positions and the NULL' zero wind vector string are declared as

characters.

The char declaration declares a list of variables, "W " to "NULL ", six characters
wide. The char declaration is a single byte variable capable of holding one character in the
local character set. These direction text strings are preceded by pointer variables used by

the program-code to return to the direction text strings.

4, The Global Variables

The C-programming language has the facility for declaring global variables. Globals are
declared outside of all program routines/blocks and classes. This facility allows the

declared variables to retain their values throughout the program.
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4.1 char io_stream = DATA ;

The char declaration declares the properties of io_stream as a variable pointer for the

transmission of DATA output to the display.

4.2 float X,Y;

The x and y variables are declared as single precision floating point numbers. They are
normally used when variables are to be in conjunction with mathematical software
functions. The values returned to x and y represent the A D.C. digital offset voltages and
are represented as a single byte having any value between 0 and 255. A float is a 32-bit

quantity with at least six significant digits and may have a fractional part.

These vanables can have A D.C. offset values between 0 and 255 (128 when zero wind
vector is transiated during 'no wind conditions'), where 0 represents an A D.C. analogue
input voltage of 0V, 253 represents an input voltage of +5 V and 128 represents an

analogue input voltage of 2.5 V.

The x and y variables are the actual values at the outputs of the N/S and E/W channel
AD.C's. These are global variables used in the get_angle, get_speed and get_direction
subroutines for the process_data routine and printf statements. These routines use the x
and y global variables for the determination of wind bearing/angle, wind velocity and wind

compass direction. The results are used to display this data on the L.C.D display.



4.3 float offx = 128 , offy = 128

The x and y variables are also displayed as a measure of wind vector offset values from the
N/S and E/W channel offset values. A float is a 32-bit quantity. The program statement

which reads as follows is a representation of this : -

float offx = 128, offy = 128

These declared float variables are used for fhe calculation of the A.D.C. offset voltages in

the program routine capture_data.

4.4 double angle ;

Here angle is declared as a double precision floating point number since the get_angle
routine uses the atan2 ¥/x mathematical C-function and the value returned to angle will

have a fractional part.

4.5 int speed ;

The variable speed is declared as an integer. Integer variables have no fractional part.
Wind velocity readout will be a positive integer value 2-digits wide and with no decimal

places. Declaring speed as an integer is part of a "rounding off" process for displaying a

wind velocity range from 0 mv/s to 99 my/s.

4.6 float calfactor ;

The calibration factor, calfactor is declared as a single precision floating point number.
The calfactor value is used in the get_speed subroutine which uses the 'square, sum and

fourth route' C-mathematical function discussed in 1.4.
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5. The "main' function : The start of program execution

return type function name argument/parameter
void main (void)

The return type of main is void, which states explicitly that no value is returned. The
void return type specifies an empty set of values. It is used as the type returned by the
main function which generates no value. The program begins executing at the
beginning of main (the function name). Every C-program structure must have a main

function.

main cails other functions to perform routines and libraries included in the source file.
The libraries included in the source file are listed at the beginning of APPENDIX E :

(Refer to Section 1 : Header files ).

The main function also receives void as an argument/parameter value. The term
argument/parameter is used for an expression passed by a function call such as main. main
is defined to be a function with the void argument which indicates that there are no

arguments for main.

The program is divided into 5 functions called from main :

void main (veid)
{
init_display ();
init_rs232 ();
while (1)
{

capture_data
process_data
display_data

—— p—— pp—
S S’ g
e B we
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The function called init display, initializes the LTN211 L.C.D. display module.

init_rs232 initializes the serial port for transmission of data to an LB.M. P.C.

while (1) is used as a "loop forever" instruction. This is followed by the routine
capture_data which reads in the AD.C. N/S and E/W channel x and y vanable values
(Refer to Section 4 : Global Variables) and averages each x and y variable over 250

readings.

The process_data routine uses these averages x and y float varniables to process the
data and return angle as a double precision floating point number (Refer to Section 4 :

Global Variables).

The display_data routine uses the printf statement to display the following processed

data as an LTN211 L.C.D. display read-out : -

Wind Vector Channel N/S Offset (as a value between -128 and +127)
Wind Vector Channel E/W Offset (as a value between -128 and +128)
Wind Angle/Bearing as a value from +180° to -180°
Wind Velocity as a value between 0 m/s and 99 m/s

Wind Direction as a character string of 8 direction compass positions
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PPENDIX E : v

- -ADDRESSES .
INSTRUCTION = RS R/W D7 |D6D5| D4 D3| D2 D1 Do
Display clear 000 |0 |0 0 .00 0|1
Cursor home e l10!¢ 00 |0 . 0 o l1 | =
Entry mode set ¢ |0 |0 |0 |0 0 ]|O | 1 I/D}| S
Display on/off control 0 t ¢ loilolo 0 l1 D C[B
Cursor display shift i 0 ¢ 10 0 01 S/CR/L * | *
Function set ; 0 : olo 0 1 IDL 101> *
| CG RAM address set 00 0|1 ACG
DD RAM address set . 0 0 ; 1 ADD :
1‘ Busy flag/address read 0 ‘ 1 'BF : AC E
CG RAM/DD RAM data write 1 0 write data
r CG RAM/DD RAM data read o1 1 read data
Liquid Crystal Display LETN211
NOTES : I/D =1:increment /D =0:decrement
S ~t:disptay shift S =Q:display freeze
D s1:display on D =0:display off
[ *l:cursor on C =0:cursor off
B 1 character at g -.n. character at cursor
cursor position blinks " position does not blink
S/C =1:dispiay shift s8/C =Q:cursor move
R/L =t:right shift R/L =0:left shift
DL =1:8 bits DL =0:4 bits
BF *t:during internal operation BE =0:end of internal operation

Figure B : LTN211 Instruction Set




5.1 The init_display routine

return type function call argument/parameter
void init_display (void)

{
io_stream= COMMAND ;
putchar  (0X38) ;
putchar (0x0C) ;
putchar  (0x06) ;
putchar (CLEAR);
io_stream=DATA

The init_display routine is the first function called from main. The void argument

indicates that no arguments are declared for init_display.

The LTN211 L.C.D. display module initialization procedure is as follows : -

Refer to Figure B, the instruction set for the LTN211 display module.

The Assembler language routine "PUTCHAR.S03" is used for cursor control and text
output to the LTN211 and to the IBM P.C. screen. The 'putchar’ function is incorporated
in the C-runtime library enabling the return of ASCII characters to the display and P.C.

'putchar’ will print a character each time it is called, for example : -

putchar (¢)

prints the contents of the integer variable 'c' as a character.

The io_stream= COMMAND line sets the LTN211 display for the acceptance of

commands. The command address is hex 01, the replacement text defined in the # define
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lines of the C-program code. The Assembler language program, "PUTCHAR .S03" sets up
the command address of the LTN211.

putchar (0x38) returns a value hex 38 as "Function set” command to the LTN211i.

DL =1 sets the display to accept 8 bit inputs.

putchar (0x0C) returns hex OC as a command to the display. The least significant bit
DO is set low to disable blinking of the character at the cursor
position (B=0). D1 is set low, and the cursor is switched off (C=0). D2 is set high,

setting the display on (D=1).

putchar (0x06) returns hex 06 as an "Entry mode" command to the display. Display
freeze is enabled by setting DO low (S=0). DI is set high to increment the cursor

position each time a text character is sent to the display (I/D=1).

putchar (CLEAR) uses the defined replacement text 0x01 defined in the program

code. The LTN211 is cleared after the command set-up initialization and is ready to

accept DATA.

The io_stream= DATA sets up the address for data to be sent to the LTN211. (For wind

data information as a display read-out).

5.2 The init_rs232 routine

Documentation on the software seria] interfacing, the Senal Port Control Register and

Timer and Sertal Port modes is in APPENDIX E tvi
output ( TMOD, 0x21);
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The first line of the routine sets up the Timer/Counter Mode Control Register
(TMOD) to operate in ttmer mode {¢/T=0). Timer 1 is set to operating mode 2 as an 8-bit

auto reload timer. (Refer to APPENDIX E, Figure 6 : TMOD)

output ( TH1, 0xFD ) ;
This sets Timer 1 to a reload value of hex FD. Timer 1 is used to generate a baud rate of
9.6 K at the oscillator frequency, fosc of 11.059 MHz. (Refer to APPENDIX E, Figure

15 : Timer 1 Baud Rates)

set_bit ( TR1 bit);

This hne starts Timer 1. TRI1 is the Timer 1 run control bit in the Timer/Counter
Control Register. The counted input hex FD is enabled to Timer 1 when TR1 = 1 and
GATE = 0. (Refer to APPENDIX E, Figure 6 :TMOD and Figure 8 : TCON).

output { SCON, 0x70) ;

This line sets the Serial Port Mode. It specifies the Serial Port Control Register (SCON)
for operation as an 8-bit UART with a variable baud rate. (SM 0 = 0; and SM 1=1 for
mode 1 operation). SM 2 =1 is set to allow multi-processor communication between the
80C32 Serial Port (RXD and TXD) and the IBM. P.C. REN = 1 is set to enable serial
reception (Refer to APPENDIX E, Figure 14 : SCON).

output ( PCON, 0x00);
This line resets the Serial Port Mode Control Register, (SMOD). The Power Control

Register (PCON) is cleared, clearing the most significant bit which
clears SMOD (Refer to APPENDIX E, Figure 28 : PCON).
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5.3 while (1)

The C-code, while (1) is not proceeded by the semi-colon * ;' which indicates that this

individual statement is terminated here.

while (1) is a continuous loop, ("loop forever") and continues to read in information from
the AD.C. channels (capture_data); calculate wind velocity and direction from this
information (process_data) and display this data on the L.C.D. display and to the .B.M.

P.C. screen (display_data).
5.4 The capture data routine

void capture_data ()

{

unsigned char  i=0;
for (i=0; i< 250; i++)
{
write_XDATA ( ADCO_wr,00) ;
write XDATA (ADC1_wr,00);
while ( read_bit (INT0 bit) ) ;
while ( read_bit (INT1_bit) ) ;
x+= (float) ( offx- read XDATA (ADC1_wr));
y+= (float) ( offy- read XDATA (ADCO_wr));

}

x/=250.0 ;
y/=250.0 ;

The capture_data routine reads in the A.D.C. N/S and E/W channel 8-bit values (from 0

to 255 depending on wind vector force) and averages these over 250 readings before
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returning float variables to x and y. The averaging of the A.D.C. channels prevents

spurious readings for the eventual display read-out.

return type function name argument/parameter
void capture_data ( )

The first line declares the function name as capture data. The return type of
capture_data is void which states that no value is returned. The method of
communicating data between functions is for the calling function to provide a list of
values called arguments, to the function it calls. The parenthesis proceeding the function
name surrounds the argument list. In this code, capture_data is defined as a function that
expects no arguments which is indicated by an open/empty list inside the parenthesis.

unsigned char =0
for (i=0; i<250; i++)

The type qualifier unsigned char is always positive or zero and obeys the laws of
arithmetic modulo 21 where n = number of bits in the type. Here there are 8 bits. Unsigned
char variables can have values between 0 and 255. (The A D.C channels were averaged

over 250 readings).

The for statement is a loop. Within the parenthesis are the parts of the loop. The three

parts are separated by semicolons.

The first part of the loop is the initialization : -

i=0;

This is done once before the loop proper is entered.
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The second part is the test controlling the loop : -

i<250;

This condition is evaluated and if true, the body of the loop is executed. The body of the
loop lies between the parenthesis expressions { and }. The body of the loop commences at

 f{and ends at }.

This loop will read in 250 N/S channel AD.C. values and 250 E/W channel AD.C.
readings. These readings will be added and each result is then returned to x and y
respectively. These readings must then be divided by 250 for calculation of an average
reading. The condition is, "is i less than 250." The less than sign, < is the relational

operator.

The body of the loop is described as follows. Input and output use the read and write
system calls which are accessed from the programs through two function calls named
write_XDATA and read_XDATA.

write XDATA (ADCO_wr,00);
write XDATA (ADC1_wr,00);

These statements initialize ADCO and ADC1 channels and start the analogue-to-digital
conversion. ADCO and ADCI represent the N/S and E/W ADC channels respectively.
The first argument is the address where data s to go to, (hex 2000 for ADCO and hex
4000 for ADC1). The 2nd argument is the number of bits to be transferred. The value
00 represents a single byte which is transferred.

while ( read_bit (INTO0_bit) ) ;
while (read_bit (INT1_bit));
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These while statements wait for each ADC conversion by reading the interrupt bits of
each ADC. Once a full 8-bit conversion is completed, the interrupt bit is set in the
ADC.

x += (float) ( offx- read XDATA (ADC1 _wr));
y += (float) ( offy- read XDATA (ADCO _wr});

The x and y global variables were declared as float in the program code. offx= 128 and

offy= 128 global variables were also declared as floats.

The 8-bit values read in from the ADC channels (values between O and 255 depending on
the wind vector force) are subtracted from the respective offx and offy values (128).
Thus at zero wind vector force (128) the float variable returned to x will be zero. The + =
mathematical operator indicates that values are read in and added to x and y until 250
readings are read in. Once 250 readings are read in, the loop condition is completed and
the program exits from the body of the loop.

x/ = 250.0
y/ = 250.0

The resultant values in x and y are divided by 250 and the average values are then returned

to x and y as global float variables.



5.5 The process_data routine
The process_data routine consists of 3 parts : -
angle = get_angle (x,¥);

: - which will calcuiate the wind bearing/angle in degrees from the assigned x and y global
float variables and return an assigned double precision floating point number to angle.
speed = (int) get_ speed (Xx,y¥);

: - which will calculate the wind velocity from the assigned x and y float variables which

are type cast as integers and return an assigned integer result to speed.
direction = get_direction ();

- which will assign a pointer to direction for the text strings
"w“,lISW!,"S",”SE“’"E",HNE",IINN’IIN'W“ and '!‘N’UL " declared as |char| (character

strings) in the program code (Refer to Section 3).

angle = get angle (xy);

After the capture_data routine, the returned giobal float variables x and y are the

averaged N/S and E/'W A D .C. channel values.

From these x _and y global variables an angle in degrees is returned to angle as a double

precision floating point number : -

double angle ;
This value is calculated from the called function named get_angle : -
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retumn type function name arguments/parameters
double get_angle (doublein 1, doublein2)

{
}

return (atan2(in2, in1)* 180/3.141593);

This function uses the assigned x and y float variables to determine wind bearing/angle as

follows : -

The resultant return type is cast as a double precision floating point number (double). The
arguments/parameters type cast the x and y global float variables as double precision

floating points, ( double in 1, double in 2).

return (atan2(in2, in1)* 180/3.141593)
calculates a value in degrees and returns this value to angle as a double precision floating

point number as follows : -
atan2 (in 2, in 1) calculates a value in radians as tan-! in2/inl in the range [-II,+11].

* is the multiplication operator. The value in radians multiplied by 180/3.141593 or 180/I1
will result in a wind bearing/angle in degrees. This double precision floating point number

is returned to 'angle' (see section 4 : global variables).

The routine get_speed returns an integer to speed which is the value for wind velocity.
speed = (int ) get_speed (x,7);

The assigned global float variables x and y are type cast as integers and a resultant integer

will be returned to speed. (Refer to Section 4 : Global Variables). -
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The wind velocity value is calculated from the x and y float variables which are type c:
as double precision floating point numbers in the get_speed function. A double precisi
floating point result is returned from get_speed. This resultant double precision floati

point number is then type cast/ assigned as an integer in the speed = ( int ) statement.

The resultant integer is the value for calculated wind velocity. This value is calculat

from the called function named get_speed : -

return type function name arguments/ parameters
double get_speed (double in 1, double in 2)
{
return (pow((inl*inl+ in2 *in 2), 0.25) * calfactor)

}

The type casting procedure of the resultant return type and of the global float variables
and y as double precision floating point numbers is identical to the method described in t

get_angle routine.

return (pow({(in1*inl1+in2 *jn2), 0.25) * calfactor) ;
calculates a value in m/s and returns this value to speed as a double precision floati

point number. speed ( int ), type casts this number as an integer.

The mathematical representation of this calculation is as follows : -

(inl2 + in22)1/4 x 4

calfactor was declared as a float and is equal to 4. The multiplication operator is t

symbol *.
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The get_direction routine returns a pointer to direction in the statement : -

direction = get direction ();
This is a pointer to the declared text strings : -
"W","SW","S","SE","E","NE","N","NW" and I'NULL" which are decla-red as

characters. (Refer to section 3)

return type pointer/ function name argument
char * get_direction ()

The variable return type is specified as a character, char. The * de-referencing operator
when applied to a pointer accesses the object the pointer points to. get_direction has no

arguments.

The first line at the if chain checks the x and y global variables and if they are both zero, a
pointer value, (NU) is returned to direction. The ! symbol is the logical not equal to'

operator in the C-programming language.

The statement is explained as follows ; -

if notx & noty
: return pointer NU to 'direction’

If x = zero and y = zero then Ix = 1 and ly = 1. Therefore !'x && !y = 1 and return a

pointer NU to 'direction’.
This condition/result will only occur when the N/S and E/W channel analogue input

offset voltages are both less than + or - 19.53 mV( I least significant bit for the

A.D.C. conversion stage is equal to an analogue voltage of 19.53 mV).
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Figure B is a representation of the wind direction dividing angles for the determination of
actual wind compass direction. The proceeding if chain from line 2 to line 9 to compare
the value in degrees in angle 1o determine the pointer position for the eventual display of
character strings discussed in Section 3. The || is the logical 'or' operator and && is the

logical 'and’ operator. This is explained as follows (Refer to Figure B) : -

if +157.50 <= "angle' || 'angle' < -157.50
: return pointer W to 'direction’.

if -157.50 <="angle' && 'angle' <-112.50
: return pointer SW to'direction’.

if -112.50 <= "angle’ && 'angle’ < -67.50
: return pointer S to 'direction’.

if -67.50 <="angle' && 'angle' <-22.50
: return pointer SE to 'direction’'.

if -22.50 <= "angle’ & & 'angle’ < +22.50
: return pointer E to 'direction’,

if +22.50 <="angle' && 'angle' <+67.50
. return pointer NE to 'direction’.

if +67.50 <='angle’ && 'angle' < +112.50
: return pointer N to 'direction’.

if +112.50 <="angle' & & 'angle’ < +157.50
- return pointer NW to 'direction’.
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5.6 The display_data routine

The display_data routine is a routine that is used to display N/S and E/W A.D.C. channel
offset, wind bearing in degrees, wind velocity in m/s and wind direction as a compass

direction character string.

This appears as an LTN211 liquid crystal display read-out.

The display_data routine also displays wind velocity data to the screen of an IBM. P.C.

via the RS232 Serial Port.

Within the display_data program routine is the set_disp function which sets the LTN211
cursor and line positions for display of wind information. The LTN211 is a 16 character, 2

line L.C.D. display module.

In init_display, io_stream address was set to DATA after initialization of the display.
The display is ready to accept data. The cursor is set to the beginning of the first line of

the L.C.D. display.

printf ()

printf writes formatted data to standard output. Returns the number of characters
transmitted or a negative value if an error was encountered. Output 1s performed through
library function putchar which is adapted in the Assembler language program
"PUTCHAR.S03" for the targeted LTN211display and IBM P.C. screen display.
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A summary of the printf conversion specifiers are shown below. Each conversion
specification is introduced by the % modulus operator. Conversion specifications are

within the brackets.
% {flags} {field width} {.precision} {char}

flags : -
+ signed values will always begin with plus or minus sign.
space values will always begin with minus or space

field width : -

Number of characters printed.

.precision : -
Number of digits for floating point value conversion.

char: -

f . floating point constant
u : unsigned decimal value
s : string constant

The function printf, prints a character to the display.

function name ("argument 1", argument 2, argument 3) ;

print f (" %+3.0f %+3.0f ", x,y);

This statement prints the global float variables x and y (ADCO and ADC1 offset) to the

display.
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printf is a library function in <stdio.h> that prints output , the string of characters
between the quotes. The format for printing the parenthesised list of arguments is as

follows : -

The first, % + 3.0f indicates that argument 2, the global float, x, must be printed as a
floating point number (denoted by f), three digits wide (denoted by 3) with no decimal
places after the decimal point (denoted by .0).

The flag + indicates that this is a signed value and will always begin with + or - sign.
Argument 3 is formatted in the same way. The formatted argument variables x and y have

values from + 128 to -127 and are the ADC N/S and E/W channel offset values.

function name ("argument 1", argument 2) ;

print f ("%3.0f ", angle);

This statement prints the wind bearing/angle to the LCD display. The display cursor is

moved to LINEL + 11 on the display.

angle is printed as a value between -180 and +180.

set_disp (LINE_2);

The display cursor is advanced to the beginning of line 2 of the LTN211 display.

function name ("argument 1", argument 2),

printf ("S= %2.0u m/s D= ", speed ) ;

The characters S =, proceeded by the argument 2 (the value for wind velocity, an integer

variable), proceeded by a space and then by the characters m/s is printed on line 2. The
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actual value printed between = and nv's is an unsigned decimal number, 2 digits wide with

no decimal places.

This is the wind velocity display read-out and can only be a positive number from 0 to 99.
(The hardware anemometer unit was designed to measure wind velocity in the range 0 m/s

to 45 m/s.)

A space, then the characters D =, proceeded by a space are also printed on line 2 of the

display after the string, 8= ** m/s.

The display cursor position is advanced to line 2 + 12.
set disp( LINE_2+12);

function name ("argument 1", argument 2) ;
print { ("%s", * direction) ;

The Chafacter Stl'ings, "W", "SW", nsn, "SE", "E", "NE", "N", HNWH aﬂd
"NULL" are printed to the display immediately proceeding the D = and space characters

of the printf statement discussed in the previous paragraph.

The * direction, argument 2 is a pointer to direction which in turn holds a pointer to

these character strings.
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The 8 compass direction positions are thus displayed for example as : -

D=NE
or as: -
D =NULL

(under 'no wind' conditions)

The io_stream address is then set to the RS232 Serial Port address for printing of wind

velocity information to the LB.M. P.C. screen : -

function name {"argument 1", argument 2)

print f ( "Wind Speed: %2.0u m/s \n"', speed);

This prints the text,’ Wind Speed : 40 m/s '(example for wind velocity value = 40) on the

I.B.M. P.C. screen.

The format is the same as for the previous printf statements. \n, is the new line character,
which when printed advances the output to the left margin on the next line for reception of

the next wind velocity reading.

Wind velocity readings are instantaneously displayed and updated on the screen.

jo_stream = DATA

The io_stream = DATA statement then sets the io_stream address for the acceptance of

the next data.



APPENDIX E : VI

vi) INTEL 80C32 Port structures and initialization
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8051, 8052 AND 80C51
HARDWARE DESCRIPTION

INTRODUCTION

This chapter presents a comprehensive description of
the on-chip nardware features of the MCS®-51 micro-
conirollers. Included in this description are

¢ The port drivers and how they function both as
ports and, for Ports 0 and 2, in bus operations

* The Timer/Counters

* The Serial Interface

# The Interrupt System

* Reset

# The Reduced Power Modes in the CHMOS devices

¢ The EPROM versions of the 83051AH, 8052AH and
SGCS_IBH

The devices under consideration are listed in Table 1.
As it becomes unwicldy to be constantly referring to
each of these devices by their individual names, we will
adopt a convention of referring to them generically as
8051s and 8052s, unless a specific member of the group
1s being referred to, in which case it will be specifically
named. The *8051s™ include the 3051AH, 80C51BH,
and their ROMIless and EPROM versions. The *'8052s”
are the 8052AH, 8032AH and 8752BH.

Figure 1 shows a functional block diagram of the 8051s
and 80352s.

Table 1. The MCS-51 Family of Mlcrocontroilers

Device ROMiess EPROM ROM RAM 16-hit Ckt
Name Yersion Version Bytes Bytes Timers Type
8051AH 8031AH 87514, 87518H 4K 128 2 HMOS
8052AH 8032AH 87528H 8K 256 3 HMQOS
80C518H 80C318H 8705t 4K 128 2 CHMQS

Speclal Function Registers

A map of the on-chip memory area called SFR (Special Function Register) space is shown in Figure 2. SFRs marked
by parentheses are resident in the 8052s but not in the 8031s,
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B Bytes

F8 FF
Fo 3] F7
£8 EF
ED ACC E7
[o3: ] DF
o] PEW * (n74
v:] {T2CONY {RCAP2L) (RCAP2H}) (TL2) (TH2} cF
(@] : c7
B8 1P BE
80 P3 B7
A8 iE AFE
AQ P2 A7
88 SCON SBUF T

P1 97
88 TCON TMOD TLO TL1 THO TH1 BF
80 PO 8P DeL oPH PCON B7

Figure 2. SFR Map. {...}Indicates Resident In 80528, not in 80513

Note that not all of the addresses are occupied. Unoc-
cupied addresses are not implemented on the chip.
Read sccesses 1o these addresses will in general return
random data, and write accesses will have na effect.

Uter software should not write Is to these unimple-
mented lpcations, since they may be used in future
MCS-5! products to invoke pew features. [n that case
the reset or inactive