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Abstract

This dissertation covers the commissioning and testingn@iecraft's constant
frequency alternator as the power supply for the Blue Paaddr. The Blue Parrot is an
X-band radar which forms part of the navigation and weaparirey system onboard the
Buccaneer S-50 SAAF aircraft. The radar set uses a sourbess-phase power at 400
Hz, which the constant frequency alternator can supply thighaid of certain auxiliary
systems. The auxiliary systems include a prime mover, bidareand a telemetering
system. The prime mover has high starting currents whickewsduced significantly by
the use of a soft-starter. During testing, the constanuiaqy alternator started
overheating and a blower fan was selected based on its thexquarements. Significant
cooling of the constant frequency alternator’s case teatipex was achieved by the use
of a blower fan and shroud. The generator control unit mosiamd regulates all
parameters on the unit except for case temperature and iblawpressure. A
telemetering system was designed and built to monitor asyplaly these parameters.
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Nomenclature

Alternator —An alternator is an electromechanical device that cosvechanical en-
ergy to alternating current electrical energy.

Blower Fan—Centrifugal radial bladed fan enclosed in a metal housigd by 2.2 kW
induction motor.

Constant Frequency Alternator—An aircraft generator operating a 400 Hz which per-
forms its own speed control with the aid of a constant spewre dr

Generator—The constant frequency alternator including the geneaotrol unit. The
generator’s rating is 15 kVA.

Generator Control Unit—Is the constant frequency alternator’s control unit. Tes-
forms voltage and speed regulation as well as protectindehiee against electrical dam-
age.

Generator Control Unit Starter Circuit —Is a 28 Vdc circuit used to switch on the
generator control unit when the soft starter interlocksdbia contactor. This circuit
receives power via a single phase 220 V mains and delta arydontactor.

Prime Mover—Is the 15 kW induction motor and soft starter. This is codptethe input
to the constant frequency alternator.

Rotary Inverter —Is the collective term used in the dissertation for the primover,
generator and blower fan.

Soft Starter—Is the low voltage switchgear used to reduce the motorsygel at startup.
Also referred to as a star delta starter, all housed in argeraretal enclosure.

Telemetering System—An apparatus for recording the readings of an instrumedt an
transmitting them by radio frequency.
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Chapter 1

Introduction

1.1 Background to the Constant Frequency Alternator

A constant frequency alternator is an engine-driven géoetessed as the primary elec-
trical power source onboard military and commercial aitcréhe Mirage F1-C aircraft,
where this particular constant frequency alternator wasagad, use both DC and AC
sources of power. The aviation voltage standards are 28 Wddraee-phase 200 volts
line-to-line at 400 Hz. These voltages are distributed koha electrical equipment on-
board the aircraft. Each Mirage F1-C aircraft has two cartdtaquency alternators [5].

The engine-driven AC generator can be thought of as a rotaryerter, which takes me-
chanical energy and converts it into electrical energyiaide engine speeds are passed
through a constant speed drive, which turn the alternater gt speed. The speed at
which the alternator turns determines the output frequemdihese engine-driven ma-
chines. Since the engine speed varies, it is necessarydaotinstant speed drive to turn
the alternator at constant speed to keep the frequencyesaal?100 Hz [1]. The con-
stant frequency alternator uses a differential gear adyeanld an eddy current brake to
ensure that synchronous speed is delivered to the altern@ymchronous speed, 8000
rpm, is the speed needed to produce an output frequency oH40@igure 1.1 below
shows the constant frequency alternator which is a thresgB00 volt line-to-line, 400
Hz machine.



Figure 1.1: The donated constant frequency alternatdj éatl the generator control unit
(right).

Each constant frequency alternator has a voltage and ineguegulator in the form of a
generator control unit, which monitors and controls theteleal output. The generator
control unit is responsible for regulating the output pagtars such as voltage, current
and frequency, and at the same time monitoring fault commasti

One positive consideration of using a 400 Hz constant frequelternator is that it is
smaller in size and weight, because these devices requieg tmpper windings to gener-
ate the same electrical current. One negative aspect aj ttsdse high frequency devices
is that they are subjected to reactive voltage drops ovdotigepower cables of the plane.
The higher frequency is still preferred, however, as siz¢weight are limited onboard
the aircraft the drop in voltage is a good trade-off [3].

The next section will give a background to one of the loadsvioich the power supply is
being commissioned.

1.2 Background to the Blue Parrot Radar

The Blue Parrot is an X-band radar that forms part of the reiog and weapon-aiming
system onboard the Buccaneer S-50 SAAF aircraft. Situataghressurised pod installed
on anti-vibration mounts inside the nose of the plane, tharaet consists of a fibreglass
antenna with transceiver unit and drive assembly. The reelas power intensive in that
calculations performed by the weapon-aiming computereneeged by differential gears
and servo motors. The input electrical specifications of#dar set are three-phase 200
volts line-to-line at 400 Hz. The power required to operae adar set is 2.2 kVA at a
lagging power factor of 0.85 [21].



1.3 Introduction to the 400 Hz Power Supply

An engine-driven AC generator, which had been removed fragnoanded Mirage F1

fighter plane was donated to the University by the SAAF. Gitrencapacity of the AC

generator, it was decided that it should be used to supplgitheaft radars in the depart-
ment with a source of 400 Hz three-phase power for laborgiorgoses. An alternative
approach would have been to use a frequency converter tdysd@p Hz power to the

radars. This latter approach would have been cost effecivét does not incorporate
the auxiliary systems used in the AC generator approach @srsin Figure 1.2. The

generator approach is to all intents and purposes edueahtion

The donated systems included the constant frequency alterand control unit, whereas
the auxiliary systems were either designed, selected dt. bDnhboard the aircraft the
constant frequency alternator served as primary sourceowepto all systems. The
engines fulfilled two purposes: (i) that of being the primeveroand (ii) that of being
the source of ventilation for cooling. In this project, aduction motor was used as the
prime mover, whereas a blower fan provided the necessatingoo

The system diagram in Figure 1.2 shows an induction moteirdyian alternator via a
constant speed drive thereby ensuring that the speed tdt¢neador remains fixed. Ven-
tilation is provided in the form of a blower fan, which stakdés the operating temperature
of the constant frequency alternator. The soft startereseavcontrol and protection func-
tion to the rotary inverter in addition to being the motorsta The generator control unit
monitors the alternator and constant speed drive’s pasamall except for case tempera-
ture and ventilation pressure, which is done by the telenmgtsystem. The telemetering
system is a RF-link between the wendy house and the labgralbe students can thus
view the measured parameters so that early action can be &aja@nst any faults that
might occur. The radar receives its source of power via aiitibreaker with over-current
protection.
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1.4 User Requirements

The goal of the project is to commission a three-phase 200WHE power supply using
a constant frequency alternator. The power supply is to leel a$ the University of

Cape Town for laboratory purposes. The power supply shdbd¢eted in a wendy house
outside the 6th floor of the Menzies building at the Universit

The objectives of the project are listed below [2]:

1. To select a suitable prime mover according to its eleataod mechanical require-
ments of the generator.

2. The system should have a single point where it can be dtanig stopped .

3. To select a suitable blower fan that stabilises the cah$taquency alternator’s
operating temperature according to its thermal requirésaen

4. To design a ventilation shroud for the constant frequetteynator.

5. To design the start circuit for the generator control wiitch should be synchro-
nised to the soft starter.

6. To build a wiring harness between the constant frequeltesnator and generator
control unit.

7. To design a telemetering system which will monitor thddielng parameters,
namely:

(a) line-to-line voltage across (between phases a-b),
(b) line current (phase a),
(c) constant frequency alternator’s case temperature, and

(d) the blower fan pressure.



1.5 Project Development

Chapter 2. The underlying theory covering all aspects of commissigrthe constant
frequency alternator as a 400 Hz power supply is explaindaisrchapter. Section
2.1 reviews the mechanics of the constant frequency atmraa well as the voltage
and speed control loop found in the generator control ungcti8n 2.2 lists the
thermal regirements of the constant frequency alterngaction 2.6 covers the
theory for analysing the perfomance of induction motors.

Chapter 3. The selection, testing and commissioning of a suitable@ninover is cov-
ered in this chapter. Onboard the Mirage F1-C a gas-turbioeupled to a constant
frequency alternator, which produces three-phase pow#d@Hz. Similarly, for
this project a suitably sized electrical induction motgrlages the gas-turbine. The

soft starter not only serves as a starter for the motor butcas&ol and protection
function for the rotary inverter as well.

Chapter 4. This chapter covers the commissioning and testing of tieHt)generator
that has been coupled to the induction motor. It was notechguesting that an
intermittent frequency hunting fault was picked up repéigtand an investigation
into the root cause is documented. The illustration below tsace of the supply
frequency during hunting and normal operation.

g 2007/ 8

& 2000¢ 1008/ Stop £ -1300 0 2000/ @ & 00s 1008/ Auto £ -13.07

RMS(1 ): 384.3mV/ | Ampl(1 ): 1.081V: ] RMS(1): 391.5mV | Freq(1): 398Hz | Ampl(1 ): 1.088V:
Getting Using About ~ Language - Source +d Select: Measure Clear Thresholds
Started Quick Help 0: English 1 Ampl Ampl Meas ~

| Freq(1): 328Hz

]

Figure 1.3: Frequency trace during frequency hunting amchaboperation.

Chapter 5. This chapter covers the selection, commissioning anhtest the blower
fan on the constant frequency alternator under variousslodd Figure 5.7 the
constant frequency alternator is supplying a 2.2 kW loadclvigave two results.
Firstly the blower fan is able to stabilise the generatoedasperature to 46.5 C.
Secondly the thermal protection trips the rotary invertéineé blower fan fails and
in so doing allowing the case temperature to exceed 68 C.
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Figure 1.4: Constant frequency alternator’s temperatespanse to a 2.2 kW load with
forced cooling.

Chapter 6. The chapter describes the design of the telemeteringmyside system
consists of sensors, interfacing electronics, power sugopdl two microcontrollers.
The temperature and pressure sensors proved to interfadg, é@wever, noise
corrupted the pressure reading which necessitated thdoedifferential summer
which solved this problem (see Section 6.2). The voltage @amdent readings
required more thought as each reading first required reagyfgnd level shifting
through a precision rectifier circuit. Each sensor has bedéhratedto a0 -5V
scale (see Table 7.2). The telemetering system works weiomboard, however,
it would be more robust for student use if it were printed otitouit board (see
Figure 1.5).

Figure 1.5: The telemetering system designed for the ratamyrter.
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Chapter 7. The objective of this chapter was to re-use code alreadyenrby a student
who programmed a monitoring unit to measure the same foanpaters, however,
what was supposed to be a straight forward exercise turnetbdoe a time con-
suming debugging exercise which could not be solved in theired time, for this
project. However, despite not achieving communicatiowben boards the analog
to digital conversion as well as the decoding routines weceassful.

Chapter 8. Conclusions

Chapter 9. Recommendations



Chapter 2
Theory Review

The underlying theory, covering all aspects of commissigrihe constant frequency al-
ternator as a 400 Hz power supply, is explained in this cmaf@ection 2.1 reviews the
operation of the mechanical parts of the constant frequeaxyvell as the voltage and
speed control loop found in the generator control unit. iBac2.2 lists the thermal re-
quirements of the constant frequency alternator. Lastbti@e 2.6 covers the theory of
analysing the perfomance of induction motors.

2.1 Constant Frequency Alternator ([1],[5],[6])

The engine-driven constant frequency alternator can begthtoof as a rotary converter,
in that it takes mechanical energy and converts it into eadtenergy. Variable engine
speeds are passed through a constant speed drive, whishihiaralternator at a set speed.
The speed at which the alternator turns determines the pirgmuency in these engine-
driven machines. Since the engine speed varies it is nagefsgathe constant speed
drive, to turn the alternator at a constant speed to keepehedéncy stable at 400Hz. The
constant speed drive uses a differential gear assemblyreeddy current brake to ensure
synchronous speeds are delivered to the alternator. Symahs speed is 8000 rpm for a
6 pole alternator to produce an output frequency of 400 Hzurfe 1.1 shows the constant
frequency alternator, which are three-phase 200 volttiinkre, 400 Hz machines. The
constant frequency alternator consist of: an alternalect®-mechanical constant speed
drive and an eddy current brake cup. The electro-mechaocaradtant speed drive and
the eddy current brake cup will be referred to as the consiaed¢d drive and brake cup
respectively. Together these parts make it possible foattegnator to produce three-
phase 200 line-to-line voltages at 400 Hz, when driving dpeand torque fall between
2680 rpm - 8320 rpm and 77.9 N.m - 30.0 N.m [1].



2.1.1 Alternator

The alternator is a six pole pair synchronous machine witloerating frequency of
400 Hz at an armature speed of 8000 rpm. Excitation is supphiough a permanent
magnet generator which consists of a fixed magnet, a hatraltad converter, exciter
and alternator winding. The magnet is stationary where fogex winding, alternator
windings and converter rotates through the static field. @kated winding produces
three phase current which feeds the half-controlled caexeControlled DC field current
is fed to the alternator rotor winding which induces a vadtagross the alternator stator
winding. The stator voltage is controlled by regulating B field current.

EXCITER £ ‘§

ALTERNATOR

A/C POWER SYSTEM

Figure 2.1: Principle of operation of the alternator [1].

2.1.2 Constant speed drive

The purpose of the constant speed drive is to take rotatemgihe power irrespective of
the input speed and to turn the alternator at constant sgdéeslis necessary to generate
400 Hz three-phase power. This consists of a differentialt gesembly and a brake cup
or compensation link, as it is sometimes referred to indiiere. This gear assembly is
similar to a motor vehicle’s differential transmission.damotor vehicle the front wheels
are allowed to rotate at different speeds to each otheraddht turning circle is reduced
when taking a corner. The differential gear action of theggator keeps the speed of the
alternator’s end constant, whereas the brake cup side ee@amguch a way to compensate
for the difference in speed. Equation 2.1 governs the diffee speed. The equation
reads, the difference between the motor input speed ane lotgk compensation speed
should be the synchronous speed of the alternator. Synohs@peed of the alternator is
8000 rpm. For motor speeds less than 4000 rpm the brake spegmknsates by adding
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speed through differential action whereas speeds grdarr4000 rpm compensates by
braking (see Table 2.1). For example, driving the constaed drive with a motor speed

of 3000 rpm would only produce 6000 rpm for the alternatoftdmathe gear rati@N;,

. Clearly the difference in synchronous speed is 2000 rpniciwis compensated for by

the brake cup.

Nalternator = 21\Iin - Ncompcnsating (21)

e N.iternator = Synchronous speed of 8000 rpm, which stays constant.
e N;, = speed of the prime mover, typically 2920 rpm.

o Neompensation = the speed of the brake cup.

nr = —:'"/' #’/7////%

A

7

I

i iy
7% |*
i

22 4; I / A&Eﬁﬁﬁﬁ?%%

Figure 2.2: Principle of operation of the constant speedkdi].
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Table 2.1: Speeds of rotational components within the emti$tequency alternator.

rpm rpm rpm rpm -
Input[ E] | Output[ A] | Brake Cup [ C ]| Brake Inductor [ F]| Clutch [ B ]
8000 8000 8000 0 not excited
6000 8000 4000 0 not excited
4000 8000 0 0 not excited
3000 8000 -2000 -6000 excited
2000 8000 -4000 -4000 excited
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Calculating the ideal motor input speed [6]

The compensation power required to maintain constant sigegiden by the Equation
2.2, below, which is the work of [6]. Changing the input speed tabulating the results
from Equation 2.1 produces the results presented in Talde 2.

Pcompensation o TcompensationWcompenastion (2 2)
Pout Toutwout

® Pompensation- COMpensation drive power

Pout- Output power

T eompensation- COMpensation torque

Tout- Output torque
® Weompensation- COMpensation speed

W~ Output speed

Table 2.3 below shows that at 4000 rpm the least amount of ensgtion power is re-
quired from the induction motor. This infers that 4000 rpmwigbbe the ideal prime
mover speed.

Table 2.3: Percentage of input power used to maintain spmcius speed.
‘ Nalternator[rpm] ‘ Ninput[rpm] ‘ Ncompensation[rpm] ‘ InpUt Power Used [%]

8000 2750 -2500 -31.25
8000 3000 -2000 -25
8000 3250 -1500 -18.25
8000 3500 -1000 -12.5
8000 3750 -500 -6.25
8000 4000 0 0
8000 4250 500 6.25
8000 4500 1000 12.5
8000 4750 1500 18.75
8000 5000 2000 25
8000 5250 2500 31.25

2.2 Thermal Characteristics [1]

The specification used for the design of the ventilation [dfjit
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Table 2.4: The constant frequency alternator’s thermalatbestics.
| Power [kVA] | Flow Rate [&] | Pressure [Pa] Period [min]|

12-15 100-130 | 3000 indefinite
10 self ventilation 20 min

2.3 The Generator Control Unit (GCU)

Seven feedback loops control the CFA output. They are aoedlain a shielded die-
cast rectangular box called the GCU. Stacked printed ¢itmoard contain the control
and protection loops and are listed below. Not all the feeklldaops are required for
operating the CFA in constant speed mode; those that arbst@md below [1]:

e \ltage (196 - 200 V)
e Frequency (396 - 404 Hz)
e Over-current (> 45 A)

e Torque (sudden changes)

The most critical of these are the voltage and the frequemitigh are discussed below.

2.3.1 \Voltage control loop (excitation current)

Stator voltages are measured by step-down voltage trameferand compared to the
reference comparator inside the regulator. Depending ersthtor voltage, the firing

angle of the rectifier’s is either increased or decreased fte set point. This regulates
the rectifiers DC voltage .The DC voltage is fed to the altermrotor windings where

it becomes excitation current. This excitation currens sgt the magnetic field, which
induces a voltage across the stator terminals. This is theatipn of the voltage loop.

2.3.2 Frequency control loop (speed loop)

Frequency of supply is determined by the speed at which tlgnetes airgap field cuts
the three pole pairs [9]. The speed of the airgap field is detexd by the rotor shaft
speed. When these poles are cut at 8000 rpm, it produces 48@atdr voltages. The
frequency loop controls the following [1].

1. Ensuring that the alternator’s frequency falls betwea® &nd 404 Hz.
2. Controlling brake-cup direction and speed.

3. Engaging and disengaging differential gears.

13



2.4 Frequency Hunting [2]

The student whose research was on selecting a prime moesedged the work done
for this thesis, encountered a frequency hunting problemnilsting the system. In an
attempt to solve the problem the student carried out thevatlg tests.

24.1 Aim

The aim of this test was to compare the functioning of the wagyICFA from the Mirage
aircraft with the potentially faulty CFA, in order to estahl whether the fault lay with the
GCU or with the CFA.

2.4.2 Method

In order to test this, both CFAs were coupled separately thighsame control unit, as
shown in the figure. Thereatfter, if the problem persisteattrgrol units were exchanged.

INDUCTION MOTOR 2
. cenTmrienL e

BLOWER

ELECTRO - MECHANICAL
CONSTANT SPEED DRIVE

SYNCHRONOUS
ALTERNATOR

INDUCTION MOTOR
(PRIMARY)

VARIABLE SPEED DRIVE

CONTROL UNIT

t

START CIRCUIT

PRIME MOVER

————# COUPLING

— — — » POWER

GENERATOR

Figure 2.3: System configuration during testing.

2.4.3 Findings

Both generators had a frequency hunting problem as contigarine setup below. Both
the other CFA and the control unit were interchanged. Twaides causes were identi-
fied.

1. The variable speed drive was trying to regulate the inpaed whilst the constant
speed drive was performing the same function [22].

14



2. The frequency limiting resistor circuit were needed fonstant frequency opera-
tion [22].

2.4.4 Discussion

The manner in which the variable speed drive was used waooahtented by the student
whose work preceeded this project. Therefore it is assuhmdhe variable speed drive
operated in open loop. This open loop operation would keeprtiitage and frequency
constant, which means that the induction motor would beingnat 3000 rpm at full rated

torque and current [23]. If the variable speed drive was imagryhe input speed, then the
CSD would override any regulation in input speed. It is ssgge that this might not be
the root cause.

The frequency limiting resistors are designed to brake pleed of the alternator during
rapid engine speed changes by shunting the coils acroskehgsaor’s stator. This has the
effect of braking the alternator speed. If these resistarevaulty then the problem could
be eliminated by replacing them. When the frequency limgitiesistors were removed,
however the hunting problem was still present. When thestes were placed back,
the problem was eradicated. This reason leaves a gap intadeirsy the nature of the
hunting problem, which is addressed in the Section 4.5.

2.5 Gearbox QOll

The generator’s gearbox uses a Mobil Jet Oil 254 for lubiecatThe colour of healthy
oil is brown, whereas dirty oil is black in colour. At all tiraeéhe sump should be filled
with 630 ml of oil to cover moving parts. The constant frequealternator should be
in the horizontal position while generating and re-fillingwoil (see Reference [34] for
instructions on filling and re-filling of gearbox oil).

2.6 The Prime Mover

The selection of the prime mover for the constant frequetteyrator formed part of an
undergraduate thesis project [2]. A 15 kW induction motos selected; its specifications
are shown in Table 2.5 below.
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Table 2.5: Induction motor’s rated specifications [2].

| Parameter | Value | Units|
Rated Voltage 380 VI-I
Rated Current 26.5 A
Connection Delta/Star
Frequency 50 Hz
Rated Output 15 kwW
Speed at Rated Power 2940 rpm
Efficiency at full load 90 %
Efficiency at 3/4 load] 90.2 %
Power Factor 0.90 p.u
Rated Torque 49 N.m
Weight 77 kg

2.6.1 The equivalent circuit model of an induction motor [9]

The per phase equivalent impedance Equation 2.3 can be osmdculate the perfor-
mance of induction motors by using the calculated param@idrable A.3. This equation
is dependant on slipwhich is 1 at startup and almost zero at rated speed. In Qhafge
this equation is used to calculate the input impedance tnefull slip range to obtain a
current profile of the induction motor.

. . Xm (%2 +jX2)
Zin — RI1+jXI+ :
" T R X 1 x2)

(2.3)

R,- stator resistance

X:- stator impedance

Xm- magnetising impedance

R,- rotor resistance

X,- rotor impedance

s - slip

The stator current Equation2.4 below uses the phase-tmateoltageV,,, at different
input impedanceg;, to calculate the startup curret(see Equation 2.4).

[ = 2 (2.4)
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e |- stator current.
e V,, - phase to neutral voltage.

e Zj, - input impedance.

Equation 2.5 determines the available torque which thedtioln motor can be loaded
with at startup. The equation uses the thevenin equivatdtageV,, and impedancg&,,
andXy, as the stator parameters in the calculation, (see Refe[8])c&his equation can
be used for determining a torque profile for the motor.

1 (Vin)?

Tem = X (2.5)
Wsync (Rth ‘|‘ %) + (Xth + X2)2

The motor equatiotN = %ff shows that a two pole (p) induction machine on a 50 Hz (f)
supply has a maximum speed 3000 rpm.
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Chapter 3

Commissioning the Siemens 15 kW
Induction Motor as the Prime Mover
for the Constant Frequency Alternator

The selection, testing and commissioning of a substituteggmover is covered in this
chapter. Onboard the Mirage F1-C, a gas-turbine is couplactbnstant frequency alter-
nator, which produces the mechanical power to generate-fitirase power at 400 Hz. In
the method used in this dissertation, the induction mofolaces the gas-turbine.

3.1 Prime Mover Selection

3.1.1 Constant frequency alternator’s specifications

The driving shaft requirements show that the constant &aqy alternator can operate in
two power modes i.e at high and low rotational speeds. Talléiss the requirements
for driving the constant frequency alternator in both modes

It is the function of the constant speed drive to deliver tamisrotational speed at 8000
rpm to the alternator rotor irrespective of the input spdea.the purpose of maintaining
constant rotor speed the constant speed drive includesifiecetitial gears and an elec-
tro mechanical brake all controlled by the frequency retjuiasystem of the regulator.
Therefore it is not necessary for both the motor and the eothspeed drive speeds to be
regulated.

Table 3.1: The constant frequency alternator’s power gadirdifferent speeds.
| Power Rating [KVA]| PF | Rotational Speedsjpm] | Torque [N.m]|

15 0.75 5600 - 8320 77.9

12 0.75 2680 - 5600 30.4
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3.1.2 Direct current motors versus induction motors

Since speed control is not required on the motor side an anginC or an AC induction
motor can be used. Induction motors are more viable than Doms\decause the latter
have brushes that require maintenance [9]. As a result,darciion motor was chosen.

3.1.3 Induction motors

The ideal motor would be a 4000 rpm at 30.4 N.m machine, whidxplained in Sec-

tion 2.1.2. However this cannot be achieved in an inducti@emme due to the speed
limitation on a 50 Hz supply (see Section 2.6). The availabtgor sizes in this range
are 11, 15 and 18 kW. The 11 kW motor has insufficient torquereds an 18 kW has a
surplus at a higher cost, for this reason a 15 kW inductiorometis chosen. Table 3.1
lists the motor’s requirements.

Table 3.2: Characteristics of the prime mover.
| Parameter | Value | Unit |
Rated Voltage 380 | VI
Rated Current 265 | A
Rated Output 15 | kW
Rated Torque 49 | N.m
Speed at rated output2940 | rpm
Frequency 50 Hz
Connection v/Y

3.2 Pre-Commissioning Work

3.2.1 Induction motor testing

A no load and locked rotor test was performed on the motor kcutate the equivalent
circuit, which enables the following current profile to begicted. These test results can

be found in Appendix A. The following graph was created usimgformulalg; ... = Vo

Zin
where \,,and Z,are phase voltage and input impedance respectively. Treeplutage
Is 220 V and 380 V in a star and delta connected network reispsctinput impedance
is calculated using Equation A.13 over the slip interval pfotted for the star and delta
configurations as shown below. The graph in Figure 3.1 shbe/stotor’'s phase-current
profile under the star and delta configurations versus slipe green curve represents
the current profile of the star configuration, whereas thiyeturve represents that of a
delta configuration. The result is consistent with the éitere, which predicts a 5-8 times

larger starting current [8]. It was found that the startuprent causes nuisance-tripping
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on the upstream circuit breaker during laboratory testamgl that it would do the same
if it were installed in the wendy house on the sixth floor. Bo#tely this problem can be
overcome by a commercially available soft starter.

Motor Phase Currentvs Slip

100 ‘

A0 STAR DELTA -
- STARTER START Up
SHOWING CURRENT
- EDUCED
STARTUP b
60 CURRENTS //\\ -

50
—
« | _RATED / N

CURRENT /

K e S / /
20
10 /TZ

0.001 0.01 0.03 0.1 0.2 0.3 0.5 0.8 0.85 0.9 1

Slip[p.u]
Delta —#— Star Delta Star‘

Current [ A]

Figure 3.1: Induction motor’s current vs slip showing th& starting effect.

3.2.2 Soft starter

Owing to the upstream circuit breaker tripping during matiart up and belonging to the
University, it could not be changed, thus a soft starter washmsed.

The star delta starter can be used on the induction motortaseinds of the three phase
winding are available at the junction box (see Section 3ABktart up, voltage is applied
to one end of the winding while the other end is connected in @ot. During this
connection% of the voltage is applied and the current is reduced by theesamount
[37]. The test shows this to be true as one phase draws 90 Aurpgyda direct on line
start and 53 Amps with a star connection (see Figure 3.1). tOitggie is reduced by a
factor of% (see Section 3.3). This brings the motor shaft speed frondstdl to 75 %
of its rated speed. To bring the shaft to 2920 rpm the startp@impen circuited and the
three phase motor winding is connectedAn thereby supplying the full rated voltage
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and current to the motor and allowing it to reach full speetie Tonfiguration for the

starter shows the following switchgear viz, thermal ovadaelay, timer, delta and star
contactors. The time the soft starter takes to make theiti@mbetween star and delta is
set to 12 seconds. The thermal overload is set to trip onceuttrent drawn exceeds 1.1

times rated current (29.3 A).

MAINS SETTINGS
30 A
Q OVERLOAD RYBN |con
=l | RELAY 50 kA
‘ I KIM N
STAR- | . Il K2M A
pELTA I K3M__| Y
STARTER KIT 12sec | T
- 6 mm?
; 4 mm?
: ; 6 mm?
= N 15 KW
i =
380 Vv

Figure 3.2: Soft starter’s schematic.

3.2.3 Motor connections

The terminal connections are colour coded as illustratdélgnre 3.3. The connections
W2, U2, V2 are wired from the overload relay whereas U1, V1, & connected to the
star and delta contactors. Not shown is the earth conneictithre motor case which must
be secured to ensure earth fault protection.
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Figure 3.3: Induction motor’s connections for anti-cloég&rotation from the non drive
end.

3.2.4 Mounting

The induction motor rests on a metal plinth with anti-vibwatfeet the advantage of
which reduces movement between the motor and plinth. Theehpin turn stands on
anti-vibration feet which reduces the noise between thelpknd the floor.

Figure 3.4: Induction motor secured to a plinth with antration rubber feet.
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3.3 The Load Torque

It was assumed that the load would impose a torque of 30.4 N.thedmotor as soon as
the load circuit breaker is closed on the generator side.aSkemption was based on Ta-
ble 3.1. During the star connection the motor’s torque is tean 30.4 N.m, which would
result in a stall if the coupled generator were started wiitea attached. A stall occurs
when there is a negative difference between the motor’'s@adid torque. Figure 3.5 was
calculated based on Equation 2.5 which clearly shows thersdbrque versus slip. The
motor did stall while the generator with load was startedrduthe reduced torque state
as shown by the fuchsia curve outside the red vertical lindsgure 3.5. To solve this,
the generator should not start under the star contactohhtiittshould be synchronised
with the delta contactor. This is covered in Subsection 4.3.

180

Torque under the delta contactor

Torque under the star contactor

ULLOUTDHLTA| 0 4
Torque required by the CFA TORQUE = \:
180

AN
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=3

‘£ 100 / 2
z /
o /lés
o
S a0 P4
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A
i / PULL QUT STAR! TORQUI > e
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A /lr‘é4
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/,.I’J.S \ I
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o 1
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= | | woF |
20 95| 8%1
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Figure 3.5: Induction motor’s torque vs slip showing the stdirting effect.
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3.4 Starting and Stopping the Prime Mover

The induction motor is started and stopped via the push attothe front panel of the
soft starter, provided that the mains supply is switchedTdre generator and blower fan
will be re-wired to start from the soft starter (see Sectibrdsand 5.4 respectively).

3.5 Motor Efficiency

Using the name plate table parameters we can calculate plaé power to the motor to
be :

P, = 3xV xIXxcos©
P, = 3 x400 x x15.40.9
P, = 16632W

Using the rated torque and shaft speed we can calculatengnaiduction motor is rated
to deliver :

Pout = Tratod X Wrated

d
P,, = 49N.mx314°C

sec
Pout = 15386W

The rated efficiency of the Siemens induction moto%;l‘;é: 92.5 %.

3.6 Summary

In conclusion, the chapter provided the following usef@ibrmation, viz:

Nuisance tripping was resolved by the use of the soft starter

The soft starter serves as a central point of control for tlséom generator and
blower fan.

The generator cannot be started when the motor is operatitiggireduced torque
mode, owing to the fact that there is insufficient torque.

Motor efficiency is calculated to be 92.5%.
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Chapter 4
Commissioning the 400 Hz Generator

This chapter covers the design of the generator contrabugtdrter circuit, commission-
ing and testing of the 400 Hz generator, the investigatitm tihe intermittent frequency
fault, the proposals for determining root cause for freqyemrilure and the investigation
into the discolouration of the gearbox oil. The constarqdiency alternator and generator
control unit will hereafter be referred to as the CFA and GEkpectively.

4.1 Design of the Generator Control Unit's Starting Cir-
cuit (GCUSC)

The GCU is powered from the permanent magnet generatoeitisegdCFA as soon as the
input speed reaches 2600 rpm via relay K1. Relay K1 closethtke phase AC windings
of the permanent magnet generator onto the power regulatoiitinside the GCU. The
circuit needed to close K1 should source 28 Vdc at a minimur@08f mA. Onboard
the aircraft this power would come from the battery banksictvivould be used for the
essential auxiliaries required to start the aircraft. THEUSC receives 220 VAC via the
red phase and neutral from the motor’s soft starter. SeédBedt3 for synchronising the
GCUSC to the soft starter.

4.1.1 Calculating componet sizes for the GCUSC

Capacitor C2 couples 28 V via a 3 pin molex connector to the GIalding into consid-
eration a 4 V drop across the LM317 regulator and bridgefrec{iB1), the secondary
transformer voltage should compensate for the voltage etaph shall be 32 \,,,. A
24 V transformer can be used if small currents are being drawis is because capacitor
C1 charges to the peak of the rectified output across 82 x23V). This was measured
and this is why a 24 V secondary transfomer was chosen. Fteqiian a 20 mA fuse is
selected according to the tranfomer equatfif@iﬁ2 where A is 200 mA.
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Figure 4.1: Schematic for the generator control unit’ststgreircuit.

The component values for the GCUSC is listed in Table 4.1.

Table 4.1: Component values of the GCUSC.
| Component| Value | Componenf Value |

Vout 28V LM317 Adjustable
lout 200 ma C1 1000uF
lin 23 mA Cc2 470uF

Transformer| 24 VA Fuse 20 mA

The GCUSC supplies 200 mA at 28 Vdc.

4.2 Alternator Load and Power Factor Test Results

Figure 4.2 shows the test setup for the system. The setupdeslan induction motor
mechanically coupled to the alternator via a solid couplimigile the blower fan is sup-
plying forced air through a shroud over the alternator. Tlogvbr fan is not shown in the
figure.

Due to the laboratory equipment limitations only one ChauMnoux power meter and

two Fluke multimeters were available to be used for measen¢snand metering. The
Chauvin Arnoux power meter was connected with voltage paloeoss the motor termi-

nals, while current probes were clamped over the indivighalses of the supply power
cable to the motor. The load is balanced therefore one pHake tbad is measured and
the total power is calculated by multiplying by the singleapé result by 3. One Fluke
meter measured voltage across the red and blue phase, ibehiter measured current
in the red phase.

The alternator was tested with resistor banks. Three baeks used where each bank
consisted of 4 resistors. Each resistor had impedance af(iz8.053° . The inductances
of these resistors are considerably low and the power fagtdose to 0.99 even in the
worst case where all resistors are connected in series.

26



AQoZ

398V Z

: N
(

[E Induction motor . 400 Hz Alternator Resistive Load Bank

Figure 4.2: Alternator load test setup.

The four tests used the following resistor combination) 241502, 802 and 15).
The 24012 test has four resistors connected in series, whereas thehds four resistors
connected in parallel per phase for all three phases. The2l&0mbination has two

resistors in parallel and two in series, whereas th@ 8@s three resistors in parallel and
one resistor in series.

Overall system efficiency was calculated by the consumeapofithe load (output of the
generator) divided by the input power across the motor. Feate shown in Table 4.2.

Table 4.2: System load test results.
| Motor | Alternator | Load | System |

[V] | [A] | [KW] | [V] | [A] | [kW] | Impedance| PF | Efficiency
397 | 1.04 | 0.65 | 200 | 1.80 | 0.62 | 240£0.045° | 0.99 95%
395 | 1.72 | 1.20 | 197 | 3.00 | 1.02 | 150£0.042° | 0.99 90%
395 | 3.81| 224 | 196 | 6.10 | 2.23 | 80£0.033° | 0.99 90%
395 | 12.12| 7.75 | 189 | 21.00] 6.86 | 1520.044° | 0.99 86%

4.3 Synchronisation

As mentioned in Subsection 3.3, the acceleration torquiesofrtotor is insufficient to pre-
vent a stall in the reduced torque region, as illustratedhbyfuichsia curve outside the red
vertical lines in Figure 3.5. The feasible solution wouldtbesynchronise the generator
start circuit with the delta contactor, which corresporaifutl rated conditions. This can
be done by connecting the generator start circuit supplgriauxiliary contact mechan-
ically coupled to the delta contactor. Figure 4.3 shows theliary contact mechanically
coupled onto the delta contactor. This solution meets thgleibutton start requirement
as well as preventing the motor from stalling.
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Figure 4.3: The soft starter with synchronising auxiliaontact.

4.4 Pre-Commissioning Work

4.4.1 Testing the CFA and GCU according to the commissioningn-
structions provided by the generator manual

The first evaluation tests the excitation current loops ef@CU according to the CFAs
technical manual. It can be deduced from the results in TalB¢hat the control circuit
is operating properly for low speeds

Table 4.3: Comparing the measured excitation current ag#ie technical manual’s.
Clutch (Coil E)

Terminals| Documented Amps$ Measured Amps
E-N 05|-|] 08 0.66]-] 0.7

Clutch (Coil F)
Terminals| Document Amps | Measured Amps
F-N 0.15/-|] 025 [0.16]-] 0.22
Brake (Coil B)
Terminals| Document Amps | Measured Amps
L-M 08[-] 12 0.07]-] 1.2

The second test performed was to verify whether the eletinisulation of the generator
is good. A weak spot in the insulation would cause a short enwtimding, which can

1For speeds less than 4000 rpm the method of speed controlésrga by the brake and clutch coils.
These work together in order to engage a speed doubling gear.
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be picked up by measuring the resistance. The results frdote Pad4 suggest that the
insulation strength of the generator is satisfactory. Fthentest results obtained, it can
be concluded that the generator is in a condition to be used.

Table 4.4: Winding resistance values.
alternator’s phase windings
Terminals| Documented) | Measured?
A-N 0.109| - | 0.134 0.122
B-N 0.109| - | 0.134 0.119
C-N 0.109| - | 0.134 0.121
alternator inductor (excitation control)
Terminals| Documented) | Measured?
R-P 23.6 \ - \ 28.6 28.4
brake inductor
Terminals| Documented) | Measured?
L-M 6 [-] 75 7.1
magetic clutch coils
Terminals| Documented) | Measured?
N-E 147 | -| 179 172
N-F 27 | -| 33 31
pulse generator windings
Terminals| Documented) | Measured?
S-Vv 6.3 |-| 7.7 6.98
V-N 153 |-| 1.87 2.75
S-N 783 | -| 9.57 8.68
permanent magnet generator phase coils
Terminals| Documented) | Measured?

T-G 0.75 | - 1 DNM
G-H 0.75 | - 1 DNM
H-T 0.75 | - 1 DNM

frequency limiting resistors
Terminals| Documented) | Measured?

uU-J 11 |- | 145 12.75
J-K 11 | -| 145 12.75
K-U 11 | -| 145 12.75

4.4.2 Wiring harness

As the existing wiring harness had perished and requiredinieg, a new harness was
made connecting the CFA to the GCU and the GCUSC. The harsessamphenol con-
nectors. The harness is 3 m in length and was tested for catytiisee Section B).
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Figure 4.4: Constant frequency alternator’s wiring hasnes

4.5 Frequency Hunting

Frequency hunting is the intermittent problem of the alontrying to keep its output
at 400 Hz but instead oscillating between 328 and 336 Hz. ©ltage during frequency
hunting is 200 volts line-to-line [2].

The first signs of frequency hunting appeared while a pre/student was working on
the CFA. In an attempt to find the cause of the problem the studieecked the motor,
motor starter and wiring harness connections first befot@ing a replacement CFA and
GCU off the same Mirage from Leon Heinkelin. Leon is an engireg the University of
Stellenbosch who has experience with these aircraft powmples, and he was asked to
investigate.

The first investigation tried to establish whether the CF&QU was faulty. Leon’s GCU
was thus used to control the CFA. However, frequency hurgtiiligoccurred. Thereafter
the GCU was used to control Leon’s CFA where frequency hgrfailed to occur. The
first investigation thus concluded that the problem lay \iliga CFA.

The second investigation sought to establish which componéhe CFA was faulty. The
frequency limiting resistors were disabled, as they weogdiht to be faulty. These resis-
tors shunt the alternator when the engine speed of the fiieareelerates or decelerates
faster than 1000 rpm per second. Shunting across all thi@septweakens the magnetic
field so that the rotor slows down and hence the frequency. dipglsen these resistors
were re-enabled, it was documented that the CFA no longéeredffrom the spurious
frequency hunting problem [2].

During commissioning of the CFA however, the spurious feggry hunting problem re-
appeared and when the frequency limiting resistors weedbtid and re-enabled the prob-
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lem remained. Leon was contacted in October 2006 in whicle time wiring harness,
coil resistances, excitation currents, frequency lingitresistors, frequency control cir-
cuit, fuses and brushes were checked and all were found tdthawpecification (see
Section B).

Section 5.3 of the generator technical manual lists factdrish may cause the constant
frequnency alternator to hunt for the reference frequeBeg Figure 4.5 below.

GLUTCH DISCS
MISADJUSTED

-~ LOW FREQUENCY ™
UNDER LOAD IN LOW
. SPEEDREGION

WORN OUT CLUTEH
DISCS

PROCESS OF
ELIMINATING
FREQUENCY HUNTING
TECH MANUAL (SEC 5)

~ CHECK WINDING

RESISTANCES, PMG,
BRAKE, CLUTCH.PG
AND FLR

CLUTCH COIL
EXCITATION CIRCUIT

FREQUENCY
VARIES WITH INPUT
SPEED, CLUTCH OR
BRAKE COIL
EXCITATION

BRAKE COIL
EXCITATION CIRCUIT

Figure 4.5: Frequency failure fault finding method.

The above figure suggests that during low input speeds thehalmechanism is the prob-
able cause for failure if the coil resistances are not fawltyich in this case were not.
Low input speed refers to rotations less than 5150 rpm. Tdhedtion motor falls under
this category. Therefore it is likely that the clutch medkanis faulty.

4.5.1 Bypassing the clutch for the purpose of determining té root
cause for frequency failure

The clutch? is used during low input speeds, as Table 2.1 illustrateser@jimg the
constant frequency alternator above 5150 rpm disablesltibehc Once the clutch has
been disabled, then it could be said for certain whether otheproblem lies with the
clutch.

2Dassault Aviation was contacted by email from their webgitacquire a new clutch (part number
module clutch ~66567 for a constant frequency alternatdr%202-1/2), however, Prof Mike Inggs said
that it would not be necessary.
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One method of operating the system as is above 5150 rpm weutd bver-excite the

induction motor by using a variable speed drive. This cowdddbne only for testing

the output frequency of the generator with no load attacdee, to the drop in torque
experienced in this mode it would be unwise to couple a loatieayenerator [8]. Care
must be exercised not to operate the induction motor foraag b time as the bearings
are not rated for speeds higher than 3000 rpm [25], [27]. ffd®ging the clutch solves
the problem then it is suggested that Dassault Avionics Ishioel contacted regarding a
replacement clutch.

4.5.2 Changing the induction motor with a dc motor

In conversation with Professor Mike Case from the UnivgrsftJohannesburg, the stu-
dent’s attention was brought to another theory behind #epiency hunting problem. The
theory behind the conversation is that as the CSD regulageslternator’s speed, the in-
duction motor experiences a change in load. The problemthighs that as the induction
motor’s load changes, so does it's speed. The change in rapéad fights against the
CSD'’s action, which is trying to keep the alternator at 809®.r This fighting between
the CSD and motor could be a possible cause for the problene@fiéncy hunting. The
solution would be to use a gearbox coupled to either a syncu® reluctance or DC
motor which does not share the same load-speed relatioashdp induction motors. It
would be satisfying to test the merits behind both theopesphaps as a further research
topic.

4.6 Discolouration of the Gearbox QOill

This section lists the possible factors which could resuthie gearbox oil discolouring.
Associate Professor Andy Yates from the deparment of mechlaengineering at the
University of Cape Town was consulted to identify the poestiauses for the discoloura-
tion.

4.6.1 Incorrect oil viscosity

Low viscose oil will barely cover metal surfaces inside argea, thus leaving exposed
areas, which can result in metal to metal friction. Suchtifsitwould cause the accumu-
lation of metal particles suspended in the oil sump.

Oil with a high viscosity would sufficiently cover metal saces but will result in heat
losses, as the CFA tries overcome the drag imposed on it bgilth€his excessive heat
generated by the gearbox would cause premature oil degradat

Mobil Jet Oil Il is the recommended oil to be used in the CFAsox [33].
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Table 4.5: Mobil Jet Qil Il characteristics.
| Properties | Values |
Viscosity at 100C| 27.6 cST
Flash point 270C
Fire point 285C

4.6.2 Combustion of oil

Oilin a car’s engine that makes its way past the piston ringslevmix with the combus-
tion mixture, resulting in oil burning and hence discoldiga. The end result is black oil
in the gearbox sump.

4.6.3 Incorrect oil level

The required volume of oil is 800ml and this can be checkednwdibeno longer flows
passed the refill valve. Too much oil will result in the unitlfoactioning, whereas too
little oil would cause metal to metal friction [34].

4.6.4 Findings

During the project the gearbox oil was replaced twice withaamount of 630 ml. A
syringe was used to refill the gearbox with oil. The reasoruging this amount and not
800 ml is because at this point no more oil could be forcedqmht®e refill valve, which
is when the manual suggests that the gearbox is filled. Mynagan at the time was
that during emptying, not all the oil could be removed. If nggamption was right, then
the gearbox had a sufficient amount of oil covering the metehses and that another
factor resulted in the oil discolouring. If my assumptionswarong, then the gearbox
was running low on oil and chances are that there was metaktalrriction inside the
gearbox which more than likely resulted in the prematureatggtion of the oil.

4.6.5 Conclusions

Table 4.5 shows that the oil grade used is within the sugdesseosity range, which
can rule out viscosity as the cause of the discolourationlofGombustion, too, can be
ruled out due to the fact that it is gearbox oil that is beingcdloured and not oil in the
engine. | suspect that my original assumption might have ve®ng, which resulted
in the operation of the CFA with a low amount of gearbox oil totpct the metal parts
inside the CFA. This could have been caused by the fact thdtriat apply enough force
onto the syringe to force oil passed the refill valve.
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Figure 4.6: Tools used to re-fill the gearbox sump

4.6.6 Recommendation

The syringe and nozzle used were not the proper tools foothefjre-filling a pressurised
sump. This requires tools that exert a big enough force te pashrough a valve and
into a sump. | recommend that a pressurised oil feeder befasde re-filling of oil in
future.

4.7 Transients

The effects of transients on the 400 Hz rotary inverter cowltbe investigated, owing to
the frequency hunting problem.

4.8 Summary

In conclusion, the chapter provided the following usef@ibrmation, viz:

e The GCUSC was designed, built and tested.

e Pre-commissioning work concludes that the CFA, GCU and newgvharness is
functional.

e Itis propable that discoloration of the gearbox oil was ealisy running the CFA
with too little oil in the sump.

e The 400 Hz Generator is not in a state to be commissioned thatifrequency
hunting problem is solved.
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Chapter 5
Blower Fan Design

Onboard the aircraft the CFA is supplied with forced air Hiein the compressor of the
jet engine turbine for it to operate properly. The operatexmperature of the constant
frequency generator shall not fall below -50 C and rise al8¥€ while the generator
control unit shall not exceed -50 C and rise above 85 C [35]er@jng the constant
frequency generator continuously requires forced vertita Generating at 10 kVA or
less the constant frequency generator is allowed to seliitate for a period not exceeding

20 minutes [35]. The recommended forced ventilation flow sitould be 136 / 11 =

over the eddy current brake and 190ver the alternator at a pressure of 3 kPa. These are
recommended conditions for the constant frequency gesre@mbperate properly. The

rest of the chapter covers the selection and testing of thedslfan unit.

5.1 Actual CFA Heating

Four tests were conducted in the Goodlet laboratory in aestablish the actual heat-
ing of the CFA, without forced air cooling. A no load, 2.5 kWK® and a 7.5 kW test
was carried out under the same temperature conditions angd thee same thermocou-
ple temperature sensor. Temperature readings were recatdbe same intervals for 4
minutes. The no load test clearly shows that the CFA gerehaat by the friction of its
rotating parts. The remaining tests shows that forced ©ga$i necessary as each trend
line approaches the maximum temperature at different natégure 5.1.

5.2 Blower Fan Selection Process

Alstom Manufacturer’s use the selection chart for choosirtgower fan for a specific
application (see Figure 5.2). There are four factors thatuaed in the selection process.

1The generator control unit is built on an aluminium heatsink
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Temperature vs Load Response
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Figure 5.1: Actual heating of the constant frequency a#ttin

These four factors are required flowrate, the required presshe altitude and the tem-
perature of the environment. The required flowrate and presare read off the chart
in Figure 5.2, which is made for standard temperature andsaheric conditions. This
implies that derating pressure and flowrate according tatimeection factors found in
the Alstom centrifugal fan selection guide (see Refere@&$) [ These correction factors
can be neglected due to the fact that the blower fan is sdlat€ape Towr? and the
temperature deviation is small. The blower is selected bicihiag the flowrate (11“?3)
at the pressure required (3 kPa) by using the chart. The sbktts the 4P-1 blower fan
with the following characteristics (see Table 5.2). Thddalmmpares Alstom’s model to
that of Veritech’s. Veritech was the manufacturer seletwetksign the blower fan.

Table 5.1: Comparison between an Alstom and a Veritech biltame
| Characteristic| Alstom | Veritech]
Blade Type Radial Radial
Blade Diameterr 1,05m 1,05
Speed 1500 rpm| 3000
Motor 4 kKW 2.2 KW
Poles 4 2

2Cape Town is at sea level thus derating can be neglected.
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Figure 5.2: The blower fan selection chart by Alstom.

5.3 Cooling Ducts and Shroud

Provision is made for air to pass over the electrical windin§the CFA via two inlet
vents and exit via two exhaust vents. Cooling is needed dahkawvinding insulation
does not perish, which would result in a short circuit betweedings.

Previous work done by a student incorrectly documented diséipn of the two inlet and
two exhaust vents. Based on the student’s work dimensionsl&i ducts were designed
and built for the exhaust vents which could not be intercleangrhese ducts were then
installed over the CFA exhaust vents instead of the inletsre@perating the blower fan
with air passing into the exhaust vents had a negligibleingaffect on the generator [2].
This is why a shroud was designed and built, which providdticgent cooling. The
rates of cooling and the shroud dimensions are summaris&egtions 5.6.3 and C.2
respectively.
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Figure 5.3: Cooling ducts also showing the apparatus usectasure flowrate.

Pressure Sensing Window

Figure 5.4: The cooling shroud.

5.4 Blower Fan Starter

The blower’s motor uses a push button operated contactastéoting, which uses 220
VAC to make and break electrical contact. However, this du#sneet the user require-
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ment of having a single start button. The same auxiliary acinihethod for starting the
GCU can be used to start the blower fan. This solution requiewiring the push but-
ton operated contactor and reconnecting it via an auxikamtact attached to the delta
contactor of the soft starter (see Figure 5.5).

GSC AUXILIARY

Figure 5.5: Re-wiring the blower fan starter via an auxjliaontact on the soft starter.

5.5 Temperature Sensor Placement

Overheating deteriorates the electrical insulation of @& windings. The suggested
operating temperature for the CFA is below 8(Q1]. Table 5.2 below was obtained by
running the generator for short intervals and taking termpee readings off different sur-
faces with a handheld temperature gauge. It was found thal s\efaces heat up quicker
when compared with the alternator’s windings except on tia&éinductor. From these
results® one can infer that the brake inductor windings have a highsuslation grading
than the alternator windings, as a result of the heat to wtiiehformer are constantly
exposed.

5.6 Testing the Blower on the CFA

Three tests were carried out to verify wether Veritech’sMaofan can supply what was
asked for.

3During these tests the CFA was operating normally, howewsguaious result was recorded during
reading 3 over the Brake-cup winding
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Table 5.2: CFA hotspot readings on load.
| Test Position.  Placement Region | Reading 1] Reading 2| Reading 3|

1 Heatsink Top 47.0 59.4 69.0
2 Heatsink Oil Plug 44.6 58.0 71.6
3 Heatsink J1a Connectar  40.0 49.0 60.2
4 Brake-cup winding 41.0 49.0 54.2
5 Brake inductor windings  55.0 64 *

6 Alternator windings 37.0 43.0 51.0

LOADS

'
SOFT STARTER

ICONSTANT FREQUENCY
ALTERNATOR

Figure 5.6: The 400 Hz rotary inverter.
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5.6.1 Flowrate test

At the time this test was carried out the old cooling ductsanesed and were incorrectly
placed due to the reason given in Section 5.3. A cardboard wals made to fit around
the “exhaust vent” while the cooling ducts were positioneéranlet vents and forced air
was allowed to pass through (see Figure 5.3). The exitingdtawas measured through
a window of 40 mm x 30 mm in size at a distance of 750 mm (see Eiguf). An
anemometer was borrowed from the department of mechamgateering and used to
measure the airspeed. Flowrate is calculated using thetiBqu@ = A.v. The flowrate
measured is shown to be 9;1 which is 8 times the flowrate required.

Table 5.3: Blower fan flowrate measurement.
| Result| Airspeed [v]| Area[A] | Flowrate [ Q]]

| 1 | 4oms! | 235n% | 94w |

5.6.2 Pressure test

A pressure transducer placed inside the cooling shrouaepdrgpularly to the airflow pro-
duces a static reading as opposed to placing it inline to itffleva [36]. The fullscale
reading on the pressure transducer is 17 mV at 7 kPa, howeweisy signal was mea-
sured. Due to the fact that the noise on the signal was grisateithe fullscale transducer
reading, this test proved to be inconclusive. Amplifying transducer reading solved this
problem (see Section 6.2).

5.6.3 Temperature test

The figures below shows the temperature response of theagenty a 2.2 and a 4.8 kW
load.
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Figure 5.7: CFA's temperature response to a 2.2 kW load wittefd cooling.
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Figure 5.8: CFA's temperature response to a 4.8 kW load witbefd cooling..

Testing the blower fan at the required 2.2 kW load

A 2.2 KW load was coupled to the CFA, the power required by thesBarrot radar’s
distribution board, which yielded the following useful véts (see Figure 5.7) :

1. The stabilising temperature lies between 46.4nd 46.5C when supplying its
rated load under forced cooling.

2. Thermal protection operates between6and 68C.

3. The time it takes to stabilise the CFA's temperature is ifutes.
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Testing the CFA at 4.8 kW

The test provided the following results (see Figure 5.8) :

1. The stabilising temperature lies between’5dnd 54.5C.

2. The time it took to stabilise the CFA's temperature is 6ibutes.

5.7 Summary

In summary this chapter provided the following information

The blower fan delivers more than the required flowrate.

e The previous student recorded the incorrect airflow diogctesulting in the design
of the wrong ducts, which caused the CFA to overheat. Theheating problem
was corrected by the design of the cooling shroud, which nbt directs airflow
over the electrical windings but over the heatsink as well.

¢ The stabilising temperature is between 46.&nd 46.5C when supplying its rated
load under forced cooling.

e Thetime it takes to stabilise the CFA's temperature is 11lutas for it's rated load.

e Thermal protection operates between(®and 68C.
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Chapter 6
Telemetering System Design

The Oxford dictionary defines a telemetering system as aarapgs for recording the
readings of an instrument and transmitting them by radio tf@®purposes of this project
the 400 Hz rotary inverter is the instrument, the apparatusecording are two microcon-
trollers and radio frequency transmission is achievedutjinca transmitter and receiver.

The parameters measured from the 400 Hz rotary inverte{Bysingle phase line-to-line
voltage across red-and-blue phase, (2) current in the radepl{3) ventilation pressure
inside the cooling shroud, and (4) rotary inverter's caggperature.

The two microcontrollers used are based on the HC908Jklajewent board designed
by Sam Ginsberg. Each development board uses a 14.7456 Mek, @2 ADC channels
with 8 bit resolution, 1.5 Mb of flash memory, 4 push buttond an LCD. Four ADC
channels [1:3, 9] would digitise the four parameters methbin the above paragraph and
send the signal over the serial pin PTBO. The receiver woctidely wait for the serial
data on PTBO before displaying it over the LCD. The radio titcy (RF) transmitter
connects to PTBO on the transmitter and sensor board wherBRhreceiver connects
to PTBO on the receiver and display boards. Both RF modulesate on the amateur
band 433 MHz and uses 17 cm whip antennae. Unfortunatelyeteemetering system
communicates by a fixed link, shown in the picture by a red wimstead of the RF
transmitter and receiver.

Now each reading will be explained.
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Figure 6.1: The telemetering system designed for the rotasyrter.
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6.1 Temperature Measured from the Rotary Inverters Case

The LM35DZ measures the rotary inverters case temperatoicghould not exceed 80

C. The temperature sensor outputs 10 mV for every degre@rieenperature over a O -

150 Crange. The LM35DZ temperature sensor is used for miegste case temperature
only.

Thermal protection comes in the form of a bi-metal switcheglwith Pratley adhesive to

the case. The bi-metal switch is closed under normal operétimperatures and open cir-
cuits between 65 - 70 C. The bi-metal sensor is placed inswaith the main switchgear

panels stop switch (see Figure A.3).

6.1.1 LM35DZ and bi-metal sensor placement

Table 5.2 shows hot spot readings taken from the surfacesabtiary inverter, alternator
and brake windings. The LM35DZ was placed on the warmestdldse for measuring.
The bi-metal is placed on the same surface as the LM35DZ textyye sensor.

Figure 6.2: LM35DZ and Bi-metal temperature sensor andcswtacement.
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6.2 Pressure Measured from Inside the Cooling Shroud
[14]

The 24PCAFA6G pressure sensor measures the cooling asupeesf the ventilation

system from the inside of the shroud. The cooling shroud ssgied to accommodate
the pressure sensor. The sensor is firmly mounted onto tlieingll of the shroud and
safe from possible vibration or leakage damages. The fuedtahcriteria required of the
pressure sensor are:

e Range: 0.5 - 3.7 kPa gauge pressure

e Minimum 410 Pa tolerance

The pressure sensor has a silicon diaphragm with a range df@®i(0 - 6.9 kPa). The
sensor has an output voltage of 0 - 16.7 mV over its full ratiges 3 kPa will yield 8 mV.
This is very small and was corrupted by noise during testseg (Section 5.6.2). This is
why the pressure signal is amplified 488 times by the diffesésummer in Figure 6.3
below. The inverting pin on the first opamp is a virtual eattbst the input current is
Y1+ 22 where R7 and R8 are equal. This will result in the output fithe first opamp
to beV,,. = —(V; + V3) thus the output of the second opamp will¥g,, = Vi + V.

Ay AN
R9 | R11
T
Dpamp A ——
RS + R10 ol B

[ o

Figure 6.3: Differential summer circuit.

6.2.1 Pressure transducer placement

Placing the 24PCAFAG6G pressure sensor perpendicular taitth@wv gives rise to better
results as opposed to placing it in line to the airflow [36].
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Figure 6.4: 24PCAFAG6G pressure sensor placement.

6.3 Current Measured in the Red Phase

The current LEM is located on the same board as the voltagms€elfo measure a typical
current reading the assumption is that a 2kW resistive loddivaw 10 A. The LAH50P
sensor reduces this value to 5 mA reading on the secondasgingahe output current
intoa 2.2 K2 resistor givesrise to 10.62 V rms or 15 V peak-to-peak. The®es output
voltage is fed into a precision rectifier circuit (see Figare).

P = Vlcos©

power factor of aresistiveload = 0
_ 2kW
200V
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typicalload current = 10A

scalingused = 2000 : 1

L 10A
® 2000
I, = 5mA
V. 15 Vpeak
V2

Vims = 10.62V

: : 10.62V
resistor size =
5mA
resistorsize R6 = 2.2k (6.1)

6.3.1 Precision rectifier

This precision rectifier circuit is used in digital voltmetdo turn AC into DC for mea-
surements. The rectifier circuit has to consider two pathgheé positive and negative
half cycles. The positive half cycle uses two inverting oparwhereas the negative half
cycle uses one. The RC averaging circuit dictates what gistog values should be. The
time constant of this circuit should be such that it takesyides (period = 10ms) before
it reaches 63% of the peak rectified voltage. The longer the tonstant, the less the
ripple voltage will be. With that in mind the time constansit 100 ms where the input
period being 10ms. Amplification is not necessary, owingdoect transducer scaling.
The gain for the negative half cycle is set by R5 and R3, argdghould be 1. Therefore
the remaining resistor values are calculated using Equéti The resistor values for the
precision rectifiers are; R1=2.20 R2=2.2 M2, R3=2.2 M}, R4=1 M2, R5=2.2 M.
Capacitor C1 has a value of 1 uF (see Figure 6.10).
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R5 RS) 6.2)

VoutDC = Vin AC (ﬁ - R_3

6.4 \oltage Measured Across the Red and Blue Phases

Medium voltage measurements at power stations, for examapéetypically measured
using a voltage transformer and transducer combinatiarésending a 4-20 mA reading
to the control desk, where the signal is converted into aageltreading.

A LEM voltage sensor and a precision rectifier circuit aredut® measure, scale and
rectify the generators line voltage, between red and blasgd into a 0-5 V signal. This
is done so that it can be digitised by the ADC. Once the signaligitised it can be
manipulated for transmitting.

Applying the red-and-blue phases across a2 fdsistor gives rise to an input current to
the sensor of 7.5 mA. A fixed scale of 1:2.5 is applied whiclegikise to an rms output
current of 18.8 mA. Passing the output current into a Q6@sistor gives rise to 10.62
V rms or 15 V peak-to-peak. The sensor’s output voltage igritmla precision rectifier
circuit.

200 Vg

. =
P 27 k)

IPrms = 75mA

scaling = 2.5:1

I = 25 x 7.5mA

d It 15 Vrms
secondary rms voltage =

y g NG
secondary rmsvoltage = 10.62V
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Figure 6.5: LV25P voltage circuit.

Figure 6.6: LAH50P current circuit.

Figure 6.7: Precision rectifier circuit.
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Figure 6.8: LV25P voltage sensor schematic.
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LAHS50P current sensor schematic.
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Figure 6.10: Precision rectifier schematic .
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V rms

resistor size —
Irms

resistor R4 = 5662 (6.3)

6.4.1 Precision rectifier

Both current and voltage sensors output a 15 V peak-to-peakgswvhich makes the
selection of the gain setting resistors and the averagipadr the same (see Sec-
tion 6.3.1).

6.5 Results

Figure 6.12 and 6.11 shows the forced air pressure and tleeteagperature are linear
between 0 - 4000 Pa and O - 80 C respectively. The x-axis repteshe input fed to

the ADC on the sensor and transmitter board. Figures 6.1%6d&8Ishows the voltage
and current transducer measurements are linear betweeb®V and O - 7 A respec-

tively. The y-axis represents the input fed to the ADC on #essr and transmitter board.
Calibration setup and results can be found in Section D.
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Figure 6.11: Generator case temperature vs ADC input.
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Figure 6.12: Blower fan pressure vs ADC input.
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Figure 6.13: ADC input vs generator current.
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Figure 6.14: ADC input vs generator voltage.

6.6 Summary
The telemetering system successfully measures voltagentppressure and temperature

via the interfacing electronic circuits designed. The rahdpter covers the analogue to
digital converter, UART emulator and decoding routines.
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Chapter 7
Telemetering Software

The microcontroller software serves an early warning iation for the telemetering sys-
tem. Data is analysed from four sensors and warns the user thhesystem is operating
out of specification. The monitored parameters are listeSdation 1.4 point 7. Both
microcontrollers are programmed in Assembler. This chragtelains the analogue to
digital converter, UART emulator and decoding routines.

7.1 Software Design

The sensing and transmitter microcontroller (micro 1) ighia wendy house with the
motor, generator and blower fan, whereas the receiver ampiegi microcontroller (micro
2) are located in the Microwave Lab on the 6th floor of the Mes®Building. The flow

diagram illustrates the process of sending four paramegenstely (see Figure 7.1).

Headers 01, 02, 03 and 04 are used to separate readings iankea @and transmitter
board’s software (see Table 7.1). A header 01 is loaded Img@tcumulator where it's

placed on a stack. The stack is called up by the put_seriahewhere each bit is pushed
out over PTBO. At this point the temperature sub routine iedawhich selects the ADC

channel and after the conversion stores the result in the Adgigter before sending it
to the accumulator. Once the temperature reading is in tbenaglator the put_serial

routine sends the byte over PTBO.

The put_serial routine is what the micro 1 uses to send a lwgetbe microcontroller’s
serial communication pin 15. A transmission sentence stsef 1 start bit followed by
8 data bits and a stop bit. The baud rate is set by the variaiildélay” which stores the
period of a bit. A one second delay between calling the puials®utine is necessary to
ensure that the receiver is waiting in the get_serial reutin

On the receiver and display board the get_serial routineswaitil a header is sent from
the sensor and transmitter board. Once the header has lwsiverethe code compares
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Table 7.1: I/O functions and allocations.
| Sensor and transmitter micro|IReceiver and display micro p

Function | Port Pin Function | Port| Pin
Temperaturg B3 12 Serial comm| BO 15
Pressure | D2 17 LCD D6 10
Current Bl 14 LCD D7 9
\oltage B2 13 LCD B4 11
Serial comm| BO 15 LCD B5 8
Headers LCD B6 7
Temperature 01 LCD B7 6
Pressure 02
Current 03
\oltage 04

it to the four possible headers viz, 01-04. If none of the foeaders are received, the
code will interpret this as an error and will go to the wait @tata routine. The next byte

will most probably be sensor data, which will give an errar.t®n receiving the correct

header the code will exit the wait for data routine and willtgdhe appropriate decode
routine. This will display the result until the next headereceived. Both the transmitter
and receiver loops continuously see Figure 7.1. See Sdetionthe source code.
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Figure 7.1: Software flow diagram.

7.2 Analog to Digital Converter Setup

The ADC has 12 channels with 8 bit resolution. The embedde@ ABes 3 registers to
perform a successful conversion, viz the status and cqulath and clock registers.
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7.2.1 Status and control register

This register chooses between continuous or single ADCarsions and which input
pins are used. After a successful conversion bit 7 is set¢ckaded when conversion data
is written to the data register.

7.2.2 Dataregister

Each time a conversion is complete this register is updattdtiwe 8 bit result until the
next conversion is complete and the register is overwritten

The code Ida ADR moves the result from the data register ta¢bamulator.

7.2.3 Clock register

Writing to the pre-scale bits in this register selects tlheklfrequency used to perform a
conversion. It is recommended that ADC clock be setto 1 MHz.

7.3 Universal Asynchronous Receiver Transmitter Emu-
lator

7.3.1 Put serial

The byte sent is pushed onto HX register by the PSHX instvactloggling PTBO ini-
tialises the receiver telling it that 8 data bits and a stoslio follow. This why the value
9 is stored in the bit count variable “X”. The carry bit is nesary as each bit is rotated
to the right until the cycle is complete. Each bit is then tedgaccording to each state
until the X register decrements to zero. This method of a UARItine is known as bit
banging. See put_serial routine below.

pshx
bclr O, PTB ;start bit
bset 0, DDRB
sec ;initialize carry flag
| dx #9
send_loop:

jsr bit_del ay

rora
bcc bitlo
bset 0, PTB
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bra next _| oop
bitlo: bclr 0,PTB

next_loop:

dbnzx send_I| oop

bset 0, PTB ;stop bit

jsr bit_delay ;stop bit and gaurd tine

jsr bit_del ay

bclr O,DDRB ; pul lup resistors hold stop state
pul x

rts

7.3.2 Get serial

The receiver stays in the wait_for_start routine until atdi#is received. The half_bit_delay
samples the PTBO for the start bit. On receiving the starthatreceive loop is called
where bits are checked for their status. The instructiofts ‘and “sec” clears and sets
the status of the carry bit. The receive loop cycles 8 time# tine variable “code” repre-
sents the transmitted byte.

pshx

bclr O,DDRB ;serial line is input
clra

| dx #8

wait_for_start:

brset 0,PTB,wait _for _start ;wait for the start bit
jsr half_bit_delay ;sanple each bit at half it’s period

receive_loop:

jsr bit_del ay
brset 0, PTB, bit hi
clc

bra rotate

bithi: sec

rotate: rora

dbnzx receive_l oop

jsr bit_delay ;wait for stop bit
pul x

bset 0, DDRB

rts
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7.3.3 Testing the UART on the sensor and transmitter board

To test the UART code was written whereby a pot on PTD2 was#athe result inter-

preted by the ADC and sent to the put_serial routine. A scapbgwas connected to
PTBO and the result was captured on the oscilloscope in Eig&. The result shows the
start bit, 8 data bits and the stop bit.

Freq(1): 1.79kHz

Ampl(1): 5.0V

Period( ] ): 560us

Figure 7.2: Bit sent over PTBO with the sensor and transnhiberd.

7.3.4 Testing the UART on the receiver and display boards

Time did not allow for testing the UART on the receiver andothy board.

7.4 Transducer Scaling

The transducer resolutions were amplified as far as possufole that to match the ADC
step sizes. This ensures that a small transducer incremadidtes to a small ADC
change as opposed to a small increment translating into A{gychange, see Table 7.2.

Table 7.2: Sensor scaling.

| Sensor | Sensorrang¢ ADC Channel| ADC step size] Scale | Results |
Temperaturg 0-150 C ADC3 20 mV LoV | Figure 6.11, 7.3
Pressure | 0-4240 Pa ADC9 20 mV | Figure 6.12, 7.4
Current 0-50 A ADC1 20 mV - | Figure 6.13, 7.5
\oltage 0-250 V ADC?2 20 mV Lev | Figure 6.14, 7.6
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7.5 Temperature Decoding

To obtain a decimal number reading from the temperaturecsenput the bin method

was used. This uses three storage variables for the unigngiundred positions of the
decimal number. Each time these separate bins are increchdepending if a “1” is

found. See Figure 7.3 for a temperature reading.

brclr 0,disp_no,bitl
inc units

bitl: brclr 1,disp_no,bit2

| da units
add #2
sta units

bit2: brclr 2,disp_no,bit3

| da units
add #4
sta units

bit3: brclr 3,disp_no,bit4

| da units
add #8
sta units

bit4: brclr 4,disp_no,bit5

i nc tens
| da units
add #6

sta units

bit5: brclr 5,disp_no,bit6

i nc tens
inc tens
i nc tens
| da units
add #2

sta units
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bit6: brclr 6,disp_no,bit7

| da tens
add #6
sta tens
| da units
add #4
sta units

bit7: brclr 7,disp_no,rollover

I nc hundreds
| da tens

add #2

sta tens

| da units
add #8

sta units

7.6 Pressure Decoding [14]

The scaling has an amplification of 488. Each ADC incremesgéido 16 Pa. The ADC
digital number is multiplied by 16. This bin has 4 four bin idoles viz. units, tens,
hundreds and thousands. Each bit is checked see whetheseit @ not. If bit O is set
(the decimal number equals 20 = 1) the pressure is 16 Pa. Jhisd to each digital
increment being 16 Pa. Therefore 6 is added to the unit birllasédded to the tens bin
(see Figure 7.4).

mult:
nmov #300, units
nmov #300, t ens
nov #3$00, hundr eds
nov #3$00, t hous
| da #$1B ; convert pressure
cnp mult _no
beq pressure
pressure:
| da #$00
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jsr
incl: brclr 1,PTB,inc2

| da
add
sta
| da
add
sta
jsr

inc2: brclr 2,PTB,inc3

| da
add
sta
| da
add
sta
jsr

inc3: brclr 3,PTB,inc4

| da
add
sta
| da
add
sta
| da
add
sta
j sr

inc4: brclr 4,PTB,inc5

| da
add

0, PTB,incl
#3$06, units
#3$01, tens
overfl ow

units
#$02
units
tens
#$03
tens
overfl ow

units
#$04
units
tens
#$06
tens
overfl ow

units
#$08
units
tens
#$02
tens
hundr eds
#$01
hundr eds
overfl ow

tens
#$06
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sta
| da
add
sta
| da
add
sta
jsr

inc5: brclr 5,PTB,inc6

| da
add
sta
| da
add
sta
| da
add
sta
jsr

inc6: brclr 6,PTB,inc7

| da
add
sta
| da
add
sta
| da
add
sta
jsr

inc7: breclr 7,PTB,out

| da
add
sta
| da
add

tens
tens
#$05
tens
hundr eds
#$02
hundr eds
overfl ow

units
#$02
units
tens
#$01
tens
hundr eds

#3$05

hundr eds
over fl ow

units
#$04
units
tens
#$02
tens

t hous
#$01

t hous
overfl ow

units
#$08
units
tens
#$04
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sta tens

| da t hous
add #$02
sta t hous
jsr overfl ow

out: rts

7.7 Current Decoding

After a successful current conversion the ADR registerestdhe result in the variable
disp_no. This number is broken down into its hundreds, tewisugits quantities. This
number in disp_no is divided by 100 where the quotient is gdaim the accumulator
and the remainder is placed in H. The variable stores theendty the “sta hundred”
instruction. To obtain the tens the quotient of the firstglm is multiplied by a hundred
which is subtracted from the original number in disp_no. @hswer is divided by 10
and the quotient is placed in the variable tens. Lastly thi@lbe units are multiplied by
10 and subtracted from the original number in disp_no toioltkee units. The number is
broken into hundreds, tens and units. See Figure 7.5 forieaygurrent reading.

clrh ; hundreds=i nt (di sp_no/ 100)
| da di sp_no

| dx #$64

di v

sta hundreds

mul ; di sp_no=di sp_no- 100x hundr eds
sta tens

| da di sp_no

sub tens

sta disp_no

| dx #3$0A ; tens=int(di sp_no/ 10)
clrh

di v

sta tens

mul ; uni ts=di sp_no- 10*t ens

sta units

| da di sp_no

sub units

sta units

rts
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7.8 \Voltage Decoding

After a successful voltage conversion the ADR registerestd@he result in the variable
disp_no. This number is broken down into its hundreds, tewisugits quantities. This
number in disp_no is divided by 100 where the quotient is gdaim the accumulator
and the remainder is placed in H. The variable stores theentdty the “sta hundred"
instruction. To obtain the tens the quotient of the firstglm is multiplied by a hundred
which is subtracted from the original number in disp_no. @&hswer is divided by 10 and
the quotient is placed in the variable tens. Lastly the Wweiainits are multiplied by 10
and subtracted from the original number in disp_no to oltaénunits. The code jumps
to the bcd routine. See Figure 7.6 for a typical voltage megdi

clrh ; hundreds=i nt (di sp_no/ 100)
| da di sp_no

| dx #$64

di v

sta hundreds

mul ; di sp_no=di sp_no- 100x hundr eds
sta tens

| da di sp_no

sub tens

sta disp_no

| dx #3$0A ; tens=int (di sp_no/ 10)
clrh

di v

sta tens

mul ; units=di sp_no-10xt ens

sta units

| da di sp_no

sub units

sta units

rts

The typical displays can be seen in Figures 7.3, 7.4, 7.5 &d 7
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Figure 7.4: Pressure display.

Figure 7.5: Current display.

Figure 7.6: Voltage display.
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7.9 Summary

The objective of this chapter was to re-use code alreadyenrity a student who pro-
grammed a monitoring unit to measure the same four paraspdiewever, what was
supposed to be a straight forward exercise turned out to imeeacbnsuming debugging
exercise which could not be solved in the required time, Iiecs project. The following
was achieved:

e The analog to digital converter is setup on four channelssg@l-3, D2] and de-
codes the analog data in the 8 bit data register.

e The UART emulator on the sensor and transmitter board sfudlyesends data.

e The UART emulator on the receiver and display board faileidhterpret the trans-
mitted sensor data via a cable.

e The decode routines were written and were tested on the rsandatransmitter
board.
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Chapter 8
Conclusions

The goal of the project is to commission an airborne geneest@ source of three phase
power at 400 Hz for ground based radar equipment at the WsilyefThe generator is
planned to be housed in a shed outside the Menzies buildinchvehall distribute 200
V line-to-line over power cables terminating onto a 45 Ampwit breaker located in the
microwave laboratory. The objectives were met as follows:

The induction motor chosen meets the generator’s drive eqdinements for 12 kVA

operation. A cast iron coupling mechanically links the mistshaft to the drive end of

the generator. Starting the coupled induction motor tripfhee upstream breaker. This
was due to the large startup currents inherent to inductiotors, which are in the order
of 2-3 times that of rated current (see Section 3.2.1). Fatiely an off the shelf soft

starter can be used to solve this problem. Replacing theagwatcircuit breaker would

be a feasible solution, however, the breaker is the propéitye University and could not
be altered.

Soft starters reduce the voltage by a factoa@lgﬁn order to reduce the starting current by
the same factor, however, this reduces the torque by a fatgor This created a problem
whereby the there was insufficient torque from the motor &rceme its standstill inertia
and drive the generator, as a result the motor stalled tipgng the overload relay. This
problem was solved by using an auxiliary contact which waslue start the generator
when the motor reaches full rated conditions (see Secti@n 4.

The generator and its control unit were tested accordinggégte commissioning tests
provided by the technical manual and no fault was found oh lleims (see Section 4.4).
This was particularly important as the age of the generassrdisconcerting. To start the
generator an external DC signal supplies a holding curre®® mA to relay K1, which

would have been supplied by batteries onboard the aircrafit,had to be designed. A 28
Vdc power supply was designed and started the generatoessfody (see Section 4.1).
This unit was used to synchronise the generator to the nsogtatter to prevent it from

stalling. A resistive load bank was used to test the generagponse to various loads.
Table 4.2 summarises these results. Out of these tests heo intportant results were
learned. The first was the generator’s voltage decreasew s specified range when
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it supplied loads greater than 2.2 kW. The second result haisthe generator’s case
temperature reached 63 % of its maximum operating temperatder no load within
3.5 minutes.

The generator was setup according to the 12 kVA operationdnilé in this region the
amount by which the voltage and frequency should vary is etwl% - 2% respectively.
However, during tests it was shown that the voltage begaaty autside this range for
loads greater than 2.2 kW.

Onload the generator began to reach 88% of its maximum opgremperature in 3.5
minutes. So as is, the generator is of not much use. A blowewés selected to source
forced cooling at a rate lf;ilsj at 3 kPa. The cooling shroud supplies cooling air into the
inlet vents and over the gearbox housing. Forced coolingalbesto reduce and stabilise
the generator’s operating temperature while supplyin&k®/ and 4.8 kW loads to 45

C - 55 C respectively.

The telemetering system was designed to relay system pteesne user in the shed as
the temperature of the generator case and the blower fasyseeshould not exceed 80
C and 3 kPa respectively. The voltage and current can be meghBom the microwave
laboratory.

The problem of frequency hunting raised its ugly head laitein the project whereby
the generator’s frequency oscillates between 328 and 33@Hie the voltage remains at
200 V line to line. The root cause of this problem has not begastigated thoroughly;
however there are two assumptions which are addressed ii0i$dcS. For this reason
the rotary inverter system should not be used.
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Chapter 9
Recommendations

1. The 400 Hz generator is not in a state to be used as the ittEmtfrequency
problem could not be solved during the time allowed for thigjgct. However,
before frequency hunting the load tests suggests that tDél2@enerator should
not supply loads greater than 2.2 kW, as larger loads affecvtltage tolerance
negatively (see Section 4.5).

2. Further research should investigate whether the intemifrequency hunting prob-
lem is caused by the induction motor or the generator's emspeed drive (see
Section 4.5).

3. A pressurised pump feed should be used to replace theayeaitbin future as an
impractical amount of force is required on the syringe assip fills up (see
Section 4.6).

4. The shed should be sound proofed since the noise emitiedtfre blower will
become problematic especially around the 6th floor leveteMenzies building.

5. The telemetering sytem works well on vero board, howeéweguld be more robust
for student use if it were printed onto circuit board.

6. The UART emulator was tested on the sensor and transrbdted and the result
was that it sends data, however, time did not allow for theixes and display board
to be tested. A final recommendation is put forward that tleeiver and display
board be tested on a terminal emulator, this will assist foudging, once solved
this will make the telemetering system fully functional.
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Appendix A

Induction Motor

A.1 No Load Test

There are negligible differences in rotational losses betwa loaded motor and one that
is not. This is why | performed the test with an unloaded shHfie no load test gives an
indication of the rotational losses in an induction motor.

PRotational - Pinput - 3112ineR1 (Al)

o ’\N\, (3001

R X1

o2

Figure A.1: The equivalent no load circuit.

A.1.1 Methodology

Measuring the line-to-line voltage and phase current ofttbbéor, we can manipulate the
circuit to determine parameters X, jX,,. There being no distinction in the reactive

components of the circuit jpand jX,, are lumped together to form the no load reactance
in Equation A.5.
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Table A.1: No load test results using a three phase variac.
| Frequency [Hz]| Voltage [V_line] | Amperes [A_phase] Power [W_per phase] PF |

50 59.3 2.6 132 0.910
50 107.7 1.9 170 0.850
50 156.3 1.7 165.2 0.643
50 209.0 1.9 186 0.473
50 260.0 2.3 215 0.355
50 313.0 2.9 240 0.271
50 363.0 3.9 286 0.206
50 397.0 54 284 0.130

Zni = VI—

Znr = 73.50)

The stator on the motor is delta connected, which impliesttitmphase and line-to-line
voltage are the same.

Znr = Ryp+7XnL (A.3)

We get the following from Equation A.1.

P
Ryi = &

284W
Ryp = FA2A (A.4)
Rynp = 9.7Q

The no load power reading in TableA.1 is taken from the Chadrnoux 8334 Power
Meter.

Xy = /2%, — R%, (A.5)

Xy = 7280

These are the results from an unloaded motor shaft.
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A.2 Locked Rotor Test

Preventing the motor-shaft from rotating implies low slippiah results in a low rotor
impedance. The low rotor impedance shunts the magnetimpgdance j%, , reducing
the equivalent circuit to the figure below.

° W\J (5001 (600

% s

O

Figure A.2: The equivalent locked rotor circuit.

A.2.1 Methodology

In this test the rotor is held stationary by a G-clamp. Thdage on the three-phase
auto-transformer is slowly increased until the ammetedsez6.6 A. In my first attempt
| assumed the auto-transformer could deliver the mototsdraurrent and ended the
experiment by blowing 3, 20 Amp fuses. The fuses were replacel the problem was
soon remedied, with the use of use of a Delta-Wye current gpepansformer. This
provided the rated 26.6 Amps to the motor.

Table A.2: The induction motor’s current values at incretakwoltages.
| Frequency [Hz]| Voltage [V] | Ampere [A] | Power [W]| PF |

50 64.2 24.9 374.6 0.403
50 67.1 26.1 416.0 0.409
50 67.9 26.1 425.0 0.413
50 69 26.6 441.0 0.414
Viine
Z p—
LR Iphase
69.0V
Zir = 1544 (A.6)
Zrr = 4.5
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P
Rip = LR

s

441W
Rir = m (A.7)
Rirp = 1.86Q2

The locked rotor impedance of (ZIr=V/I) is used to calculdie X locked rotor impedance

Xer = \/(Zig — Rig)
Xir = /(4.48)2 — (1.86)2 (A.8)
XLR == 419

The parameters X1 and X2 are approximately equal in value.

X = X1+ X, (A.9)

X, =X, = 2.05Q (A.10)

The Equation A.11 is obtained from the no load equivalermiuiir

Xpm = Xy — X1

X,, = 73.4-2.05 (A.11)
X, = 71.4Q

Calculating R

Xo+ X,
R, = ( 2 ) (Rir — Ry)

205+714
Ry, = ( 1 ) x (1.06) (A.12)
R, = 1.120Q

Below are the circuit parameters for the IEEE equivalerdugirfor the 15 kW induction
motor using a digital power meter.
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Table A.3: Equivalent circuit parameters.

Parameters Values [2]
R1 0.8
X1 1.95
xXm 70.34
R2 0.66
X2 1.95

A.3 The Induction Motor’s Equivalent Circuit Impedances
Based on the No Load and Locked Rotor Tests

The per phase input impedance can be calculated using tlati@uu

X (B 4+iX
Zo = Byt Xt gl HiX2)

R (X + X3) (A.13)

From startup to full speed the range of slip varies from 1 -dpeetively. The following
table shows impedance at the slip intervals and was usedt8.Al.

Table A.4: Induction motor’s impedance at slip intervals.

[SLP[ Z1Q |
0.001] 72 /84°
0.01 | 50/54°
0.1 | 75/18°
0.2 | 5.7/45°
0.3 | 4.8/53°
05 | 4.4/62°
0.8 | 4.2/67°
0.85 | 4.1/68°
0.9 | 4.1/69°
1.0 | 4.0/72°

A.4 Soft Starter

The star delta starter modified with thermal protection lher generator.
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Figure A.3: Soft starter schematic.
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Appendix B

Constant Frequency Alternator

The continuity test results on the new wiring harness shgwuti continuity.

Table B.1: Continuity test on the wiring harness.

Terminals (from) Terminal (to) | Continuity
A - d yes
B - e yes
C - f yes
k/J1 - c yes
u/Jl - b yes
1 - a yes
t/J1 - t yes
h/J1 - h yes
glJ1 - g yes
p/Jl - p yes
r/J1 - r yes
f/J1 - f yes
elJl - e yes
1131 - I yes
m/J1 - m yes
n/J1 - n yes
v/Jl - v yes
s/J1 - S yes

A - p yes

B - u yes

C - S yes

f - gnd yes

g - 28V yes
D/J2 - Alad] yes
H/J2 - B/ad] yes
V/J2 Cl/adj yes
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Appendix C

Blower Fan

C.1 Flowrate Test

This test was carried out to verify wether the fan could alivl mT; at 3 kPa. The
anemometer was kept at a distance A from the opening C. Thendiions of C are 40mm
x 30mm.

9—

-—Ww G/ 0

Figure C.1: The dimensions of the measuring airflow window .

C.2 Cooling Shroud Design

The cooling shroud designed in place of the ducts.
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Appendix D

Telemetering System

D.1 The Telemetering Power Supply

A 15VA power supply was designed according to the schemhta/a below.

E 1000 uF z-sj_ = Iiﬁu J:m T
L1 i “Tooa uF T -
m L EL J— 2.2 uf J— 1uF
| e LI ] T
1000 LF 25 Y

24 odt sranatanmear 1 Ang

Figure D.1: The 15 VA bipolar power supply designed for tHertestering system.

D.2 LAHS50-P Calibration (Current LEM)

Equipment used for calibrating the voltage transducer:

1. Auto transformer

2. LAH50-P current transducer

w

. Load Bank (50 - 200)
4. Power supply

5. Precision rectifier (AC-DC)

D.2.1 Methodology

The resistance of the rheostat is varied which results inaaging load current, results
are recorded in Table D.1 below.
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Figure D.2: Calibration setup for the LAH50P current traunset.

Table D.1: LAH50P calibration before and after readingsggshe precision rectifier at
50 Hz.

| Load | Load Current [A]| Secondary Current [mA] Full Scale Voltage [V]]

1k 1 0.5 0.1
500 3 15 0.3
200 5 2.5 0.5
10 7 3.5 0.7

D.3 LV25P Calibration (Voltage LEM)

Equipment used in calibrating the voltage transducer:

1.

2.

Auto-transformer

A 502 load

LV25P voltage transducer
Power supply

Precision rectifier

D.3.1 Methodology

The auto-transformer is varied from 25 to 250 V where the l@sistance is kept fixed.
An oscilloscope measures the transducers secondary ga@tagjrectifiers it, and the re-
sults are shown in Table D.2 below.

e W& i
LY26P ——=& s L ; E
—=r

Figure D.3: Calibration setup for the LV25P voltage trarcatu
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Table D.2: LV25P calibration under variable voltage at 50with a 20012 scaling resis-
tor.

| Line to line voltage [V]| V rms | Rectifier [V dc]| AV |

25 0.48 0.43 0.05
50 0.98 0.83 0.13
75 1.43 1.25 0.02
100 1.97 1.65 0.03
125 2.47 2.06 0.04
150 2.98 2.48 0.05
175 3.47 2.86 0.06
200 3.95 3.26 0.07
225 4.40 3.67 0.07
250 4.90 4.1 0.08
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Appendix E

Telemetering Source Code

E.1 Sensor and Transmitter Source Code

; This program reads in 4 sensor values and transmits thethe/idART of the uC
; If the sensor values exceed certain limits a shutdown diparaxecutes and waits
; until push button 4 is pressed to begin again

TOPRAM EQU $0080 ;Top of RAM area, JK1/3=0080, JK8=0060

TOPROM EQU $F600 ;Top of Flash area JK1=F600, JK3=ECO00, 30
TOPVECTORS EQU $FFDE ;Top of Interrupt Vector table

;To calculate bit delay constants:

;Bit_del=(((crystal speed)/16)/baud rate)-5

;Half _bit_del=Bit_del/2

Bit_del EQU $5b

Half_Bit_del EQU $2d

$Include ’jI3regs.inc’

org TOPRAM
tempds 1
templ ds 1 ; temp limit
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preslds 1
preshds 1
immax ds 1
ilmax ds 1
imminds 1
iIminds 1

dellds1

org TOPROM

main:

mov #$03,CONFIGL1 ; Disable the watchdog timer
mov #$0F,DDRB

mov #$00,PTB ; set data transfer line to O

mov #$FF,DDRD

clra

clrx

clrh

bset 5,PTD ; turn on cooling system

bclr 2,PTD ; open load circuit breaker

bclr 3,PTD ; open mains circuit breaker

mov #$40,ADCLK

begin:

jsr tdelay

|da #$01

jsr put_serial

mov #$03,ADSCR ; read in temp (0-5V) on PTB bit 3
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jsrwait_adc ; send temperature

mov ADR,temp

asl temp ; times temp by 2

lda temp

jsr tdelay

|da #$02

jsr put_serial

mov #$09,ADSCR ; read in pres (0-5V) on PTD bit 2
jsrwait_adc ; send pressure

lda ADR

jsr tdelay

|da #$03

jsr put_serial

mov #$01,ADSCR ; read in il (0-5V) on PTB bit 1
jsrwait_adc ; send load current

lda ADR

jsr tdelay

|da #$04

jsr put_serial

mov #$02,ADSCR ; read in Vm (0-5V) on PTB bit 2
jsr wait_adc ; send mains current

lda ADR

jmp begin

shutdown:
jsr tdelay
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|da #$05

jsr put_serial

bclr 5,PTD ; turn off cooling system

jsr tdelay

bset 2,PTD ; turn on load circuit breaker
jsr tdelay

bset 3,PTD ; turn on mains circuit breaker

wait

wait_adc:

brclr 7,ADSCR,wait_adc

jsr tdelay

lda ADR

jsr put_serial ; send data to PTBO

rts

stdelay: mov #$05,dell ; time delay for 5 sec
tdelay: mov #$01,dell

mov #$E1, TMODH ; time delay for 1 sec
mov #$00,TMODL

mov #$16,TSC

loop: brclr 7, TSC,loop

dbnz dell,tdelay

rts
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;This function gets a byte of data from the serial pin of thenmiontroller,
;in this case PTBO. The result is returned in the accumulator
;Baud rate set by constants, see top of file.

;clobbers: nothing

;calls: bit_delay and half_bit_delay

get_serial:

pshx

bclr 0,DDRB ;serial line is input

clra

ldx #8

wait_for_start:

brset 0,PTB,wait_for_start ;wait for the start bit

jsr half_bit_delay ;sample each bit in the middle of its diamra
receive_loop:

jsr bit_delay

brset 0,PTB,bithi

clc

bra rotate

bithi: sec

rotate: rora

dbnzx receive_loop

jsr bit_delay ;wait for stop bit

pulx
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bset 0,DDRB

rts

; This function sends a byte out over the serial pin. The iclata
;comes in via the accumulator. Baud rate as set in constecti®s
;of the code.

;clobbers: nothing

;calls: bit_delay

put_serial:

pshx

bclr 0,PTB ;start bit

bset 0,DDRB

sec ;initialize carry flag to stop bit value to prevent glésh
ldx #9

send_loop:

jsr bit_delay

rora

bcc bitlo

bset 0,PTB

bra next_loop

bitlo: bclr 0,PTB

next_loop:

dbnzx send_loop

bset 0,PTB ;stop bit

jsr bit_delay ;stop bit and gaurd time

jsr bit_delay
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bclr 0,DDRB ;pullup resistors hold stop state
pulx

rts

;delay for 1 bit period. Used by the serial send and receivénes
;clobbers: nothing

bit_delay:

pshx

ldx #Bit_del

loopl: nop

dbnzx loopl

pulx

rts

;delay for half a bit period. Used by the serial receieveirmut
;clobbers: nothing

;branches tobit_delay

half_bit_delay:

pshx

ldx #Half_bit_del

bra loopl

No_irg:

;This interrupt handler catches interrupts that happerteehwo

;interrupt should have occurred. For this reason the psaces halted
;and user intervention is required. This routine is onlyezhlnder severe
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;fault conditions.
stop ; Stop the processor and wait for a reset.

rti ; return

org TOPVECTORS

dw No_irq ; ADC Conversion Complete interrupt
dw No_irq ; Keyboard interrupt

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irqg ; TIM1 Overflow interrupt
dw No_irqg ; TIM1 Channel 1 interrupt
dw No_irqg; TIM1 Channel O interrupt
dw No_irq ; Unused

dw No_irq ; interrupt line

dw No_irq ; Software interrupt

dw main ; Reset Vector
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E.2 Receiver and Display Source Code

; This program receives code value (1-5) from UART to detesnii

; temp/pres/im/ig/shutdown is sent.

TOPRAM EQU $0080 ;Top of RAM area JK1/3=0080, JK8=0060
TOPROM EQU $ECO00 ;Top of Flash area JK1=F600, JK3=ECO00, 30
TOPVECTORS EQU $FFDE ;Top of Interrupt Vector table

;To calculate bit delay constants:

;Bit_del=(((crystal speed)/16)/baud rate)-5

;Half _bit_del=Bit_del/2

Bit_del EQU $5b

Half_Bit_del EQU $2d

$Include ’jI3regs.inc’

org TOPRAM

commads 1

dellds 1

del2ds 1

codeds 1

strlen ds 1 ;string display variable
lcd_temp ds 1 ;string display variable
hundreds ds 1 ;bcd decode/display variable
tens ds 1 ;bcd decode/display variable
units ds 1 ;bcd decode/display variable
thous ds 1 ;bcd decode/display variable
disp_no ds 1 ;bcd decode input argument
bcd nods1

mult_ nods 1

org TOPROM

main:

mov #$03,CONFIGL1 ; Disable the watchdog timer
mov #$FF,DDRB ; port B outputs

mov #$00,PTB

mov #$FF,DDRD

bclr 2,DDRD ; make pot 0 - 5V available
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bclr 3,PTD ; make sure buzzer is off
mov #$00,comma ; place a comma in LCD when set as #$FF
jsr led_init ; initialize the LCD module
jsr clear_lcd

ldhx #msgl ; = LCD on

jsrlcd_string

; mov #$40,ADCLK

; mov #$29,ADSCR

display:

jsr get_serial ; get code, it determines which sensor dajaiig to be sent next
mov #$01,code

cmp code

beq displ ; get temperature

mov #$02,code

cmp code

beq disp2 ; get pressure

mov #$03,code

cmp code

beq disp3 ; get load current

mov #$04,code

cmp code

beq disp4 ; get mains current

mov #$05,code

cmp code

beq disp5 ; shutdown

bra display

; if code gets here then code bits not sent properly
jsrclear_lcd

ldhx #msg2 ; = Error in code
jsrlcd_string

jsrlcd_line2

ldhx #msg3 ; = transfer

jsrlcd_string

jsr tdelay

jmp display

disp4:
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jmp disp_4 ; branch function couldn’t reach disp_4, so uge jm
disp3:

jmp disp_3; branch function couldn’t reach disp_3, so uge jm
disp5: ; shutdown

ldhx #msg11 ; = S-Down

jsrlcd_string

bset 3,PTD

wait

displ: ; get tepmerature

jsr get_serial

sta disp_no

asl disp_no ; mult temp by 2 cos ADC divides by 2
jsr decode

jsr clear_lcd

ldhx #msg4 ; = Temperature

jsrlcd_string

jsrlcd_line2

jsr bcd_display

ldhx #msg5 ; = Degrees C

jsrlcd_string

jmp display

disp2: ; get pressure

jsr get_serial

sta PTB

mov #$1B,mult_no ; multiply digital no. by 1B to get BCD no.
jsrmult

jsrclear_lcd

ldhx #msg6 ; = Pressure

jsrlcd_string

jsrlcd_line2

jsr bed_disp

ldhx #msg7 ; = Pa

jsrlcd_string

jmp display

disp_3: ; get load current

jsr get_serial
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sta PTB

mov #$FF,comma ; insert comma on LCD
mov #$C8,mult_no ; multiply digital no. by C8 to get BCD no.
jsr mult

jsr clear_lcd

ldhx #msg9 ; = Load Current
jsrlcd_string

jsrlcd_line2

jsr bed_display

ldhx #msg10 ; = Amps

jsrlcd_string

mov #$00,comma

jmp display

disp_4: ; get mains current

jsr get_serial

sta PTB

mov #$FF,comma ; add comma on LCD
mov #$C8,mult_no ; multiply digital no. by C8 to get BCD no.
jsrmult

jsrclear_lcd

ldhx #msg8 ; = Mains Current
jsrlcd_string

jsrlcd_line2

jsr bcd_display

ldhx #msg10 ; = Amps

jsrlcd_string

mov #$00,comma

jmp display

lcd_init:

;Initialize the LCD module by turning it on, setting it intodr bit

;:mode, clearing the display, setting up the cursor and @tig 2 line display
jsr delayl

bset 4, DDRB

bset 5,DDRB

bset 6,DDRB
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bset 7,DDRB
bset 6,DDRD
bset 7,DDRD
mov #$32,PTB
jsrlcd_command
jsrpulse_e

jsr delayl
jsrpulse_e

jsr delayl

jsr pulse_e

jsr delayl

mov #$22,PTB
jsrlcd_command
jsr pulse_e

mov #$02,PTB ;send out the command to clear display and
;set up the cursor
jsrlcd_command
jsr pulse_e

mov #$C2,PTB
jsr pulse_e

mov #$22,PTB ;2 line etc
jsr pulse_e

mov #$82,PTB
jsr pulse_e

rts

clear_lcd:

mov #$02,PTB
jsrlcd_command
jsr pulse_e

mov #$22,PTB
jsr pulse_e

mov #$02,PTB
jsr pulse_e

mov #$12,PTB

jsr pulse_e
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home_lcd:

;Send the LCD cursor to the top left hand corner.
mov #$02,PTB

jsrlcd_command

jsrpulse_e

mov #$22,PTB

jsrpulse_e

rts

display_char:
;Display the character in the accumulator on the LCD
psha

ora #$02

sta PTB
jsrlcd_data
jsr pulse_e
pula

nsa

ora #$02

sta PTB

jsr pulse_e

rts

lcd_line2:

;Move the LCD cursor to the bottom left hand corner
mov #$C2,PTB

jsrlcd_command

jsr pulse_e

mov #$02,PTB

jsr pulse_e

rts

pulse_e:

;pulse the strobe line of the LCD
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jsr delay4
bset 7,PTD
jsr delay4
bclr 7,PTD
jsr delay4
bset 7,PTD
jsr delay4
rts

lcd_command:

;clear the LCD register select line. This makes the LCD accepmands.
bclr 6,PTD

rts

lcd_data:
;Set the LCD register select line. This makes the LCD accafat.d
bset 6,PTD

rts

lcd_string:

;Display a text string. The address of the string is in H:X
;The length of the string is the first character in the string
;eq '3the’ will display 'the’

mov X+,strlen ;get the string length, increment pointer
lcd_loop: mov X+,lcd_temp

Ida lcd_temp

jsr display_char

dbnz strlen,lcd_loop

rts

bcd_disp:

;Display a BCD number on the LCD. The number comes in in thebégs hundreds,
;tens and units. an offset of $30 is added to convert the nutb&SCI|

|da thous

add #3$30

jsr display_char
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bcd_display: Ida hundreds
add #$30

jsr display_char

lda tens

add #$30

jsr display_char

|da #$FF

cmp comma

beg addcomma

uni: lda units

add #$30

jsr display_char

rts

addcomma: Idhx #msgl12 ; =,
jsrlcd_string

jmp uni

decode:

;Decode an 8 bit binary number to BCD and pack it into the \deshundreds,
;tens and units, ready for display.

clrh ;hundreds=int(disp_no/100)

|da disp_no

ldx #$64

div

sta hundreds

mul ;disp_no=disp_no-100*hundreds
sta tens

Ida disp_no

sub tens

stadisp_no

ldx #$0A ;tens=int(disp_no/10)

clrh

div

sta tens

mul ;units=disp_no-10*tens

sta units
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|da disp_no
sub units
sta units

rts

; convert binary no. into "bins" of units, tens, hundreds Hralis
; SO they can be display on LCD

mult:

mov #$00,units

mov #$00,tens

mov #$00,hundreds

mov #$00,thous

lda #$1B ; convert pressure

cmp mult_no

beq pressure

lda #$C8 ; convert current

cmp mult_no

beq current_

current_: ; branch can’t reach current so use jmp function
jmp current

pressure: ; pressure decoding process, see chapter 3tBekis for explanation
|da #$00

brclr 0,PTB,inc1

mov #$06,units

mov #$01,tens

jsr overflow

incl: brclr 1,PTB,inc2

|da units

add #3$02

sta units

|da tens

add #3$03

sta tens

jsr overflow

inc2: brclr 2,PTB,inc3

Ida units
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add #3$04
sta units

lda tens

add #$06
sta tens

jsr overflow
inc3: brclr 3,PTB,inc4
lda units

add #$08
sta units

lda tens

add #$02
sta tens

lda hundreds
add #$01
sta hundreds
jsr overflow
inc4: brclr 4,PTB,inc5
|da tens

add #3$06
sta tens

|da tens

add #3$05
sta tens

|da hundreds
add #3$02
sta hundreds
jsr overflow
inc5: brelr 5,PTB,inc6
|da units

add #3$02
sta units

|da tens

add #$01
sta tens

|da hundreds
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add #$05

sta hundreds

jsr overflow

inc6: brclr 6,PTB,inc7

|da units

add #3$04

sta units

lda tens

add #$02

sta tens

|da thous

add #$01

sta thous

jsr overflow

inc7: brclr 7,PTB,out

|da units

add #3$08

sta units

|da tens

add #3$04

sta tens

|da thous

add #3$02

sta thous

jsr overflow

out: rts

current: ; current decoding process
lda #$00 ;units == 1st decimal place
brclr 0,PTB,iincl ;tens == units
mov #$02,units ;hundreds == tens
jsr overflow

iincl: brclr 1,PTB,iinc2

|da units

add #3$04

sta units

jsr overflow
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linc2: brclr 2,PTB,iinc3
|da units

add #$08

sta units

jsr overflow

iinc3: brclr 3,PTB,iinc4
|da units

add #$06

sta units

lda tens

add #$01

sta tens

jsr overflow

linc4: brclr 4,PTB,iinc5
|da units

add #$01

sta units

|da tens

add #3$03

sta tens

jsr overflow

iinc5: brclr 5,PTB,iinc6
|da units

add #3$03

sta units

|da tens

add #3$06

sta tens

jsr overflow

iinc6: brclr 6,PTB,iinc7
|da units

add #3$05

sta units

|da tens

add #3$02

sta tens
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lda hundreds
add #$01

sta hundreds
jsr overflow
linc?: brclr 7,PTB,out
|da units

add #$01

sta units

lda tens

add #$05
sta tens

lda hundreds
add #$02
sta hundreds
jsr overflow
jmp out

overflow:

; this checks if bins are >9 then increments higher bin
|da units

cmp #$0A

bcs ts ; if 10 > units then branch

sub #$0A

sta units

inc tens

ts: Ida tens

cmp #3$0A

bcs th ; if 10 > tens then branch

sub #$0A

sta tens

inc hundreds

th: Ida hundreds

cmp #3$0A

bcs te ; if 10 > hundreds then branch
sub #$0A

sta hundreds
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inc thous

te: rts

db "LCD on"
msg2: db 113

db "Error in code"
msg3: db I8

db "transfer"
msg4: db 112

db "Temperature:"
msg5: db 110

db " Degrees C"
msg6: db !9

db "Pressure:"
msg7: db I3

db " Pa"

msg8: db 113

db "Mains current”
msg9: db 112

db "Load current"
msgl10:db !5

db " Amps"
msgll:db 17

db " S-Down"
msgl2:db 1
db""

;delay4 = short, delayl = intermediate and delay5 = very long
delay4:

mov #$01,dell

bra delay2

delay5:

mov #$FF,dell

bra delay2
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delayl:

mov #$20,dell

delay2: mov #$FF,del2
delay3: nop

nop

nop

dbnz del2,delay3

dbnz dell,delay2

rts

tdelay:

mov #$E1, TMODH ; time delay for 1 sec
mov #$00,TMODL

mov #$16,TSC

loop: brclr 7, TSC,loop

rts

;This function gets a byte of data from the serial pin of thenmiontroller,
;in this case PTBO. The result is returned in the accumulator
;Baud rate set by constants, see top of file.

;clobbers: nothing

;calls: bit_delay and half_bit_delay

get_serial:

pshx

bclr 0,DDRB ;serial line is input

clra

ldx #8

wait_for_start:

brset 0,PTB,wait_for_start ;wait for the start bit

jsr half_bit_delay ;sample each bit in the middle of its diara
receive_loop:

jsr bit_delay
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brset 0,PTB,bithi

clc

bra rotate

bithi: sec

rotate: rora

dbnzx receive_loop

jsr bit_delay ;wait for stop bit
pulx

bset 0,DDRB

rts

; This function sends a byte out over the serial pin. The iclata
;comes in via the accumulator. Baud rate as set in constaectiss
;of the code.

;clobbers: nothing

;calls: bit_delay

put_serial:

pshx

bclr 0,PTB ;start bit

bset 0,DDRB

sec ;initialize carry flag to stop bit value to prevent glésh
ldx #9

send_loop:

jsr bit_delay

rora

bcc bitlo

bset 0,PTB

bra next_loop

bitlo: bclr 0,PTB

next_loop:

dbnzx send_loop

bset 0,PTB ;stop bit

jsr bit_delay ;stop bit and gaurd time

jsr bit_delay

bclr 0,DDRB ;pullup resistors hold stop state

pulx
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;delay for 1 bit period. Used by the serial send and receiuénes
;clobbers: nothing

bit_delay:

pshx

ldx #Bit_del

loopl1: nop

dbnzx loopl

pulx

;delay for half a bit period. Used by the serial receieveirmut
;clobbers: nothing

;branches tobit_delay

half_bit_delay:

pshx

ldx #Half _bit_del

bra loopl

No_irg:

;This interrupt handler catches interrupts that happerteehwo

;interrupt should have occurred. For this reason the psares halted
;and user intervention is required. This routine is onlyezhlnder severe
;fault conditions.

stop ; Stop the processor and wait for a reset.

rti ; return

org TOPVECTORS

dw No_irq ; ADC Conversion Complete interrupt
dw No_irq ; Keyboard interrupt

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused
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dw No_irq ; Unused

dw No_irq ; Unused

dw No_irq ; Unused

dw No_irqg; TIM1 Overflow interrupt
dw No_irq; TIM1 Channel 1 interrupt
dw No_irqg ; TIM1 Channel O interrupt
dw No_irq ; Unused

dw No_irq ; interrupt line

dw No_irq ; Software interrupt

dw main ; Reset Vector
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Appendix F

Dismantling the 400 Hz Motor
Generator Set

10.

. With all circuit-breakers off disconnect the three-ghlsmd bank from the alterna-

tor’'s terminals noting the which bundles are attached tactviphase of the CFA.
Note the neutral wire attached to the GCU shielding.

Disconnect the three-phase supply from the soft startetpr and fan terminals.
Keeping note of the orientation. Reversing wires changeasnirection.

Disconnect the fan coil start signal from the auxiliarptator attached to the delta
relay inside the soft starter.

Disconnect the 28 V signal line from the auxiliary contacttached to the delta
relay.

Disconnect the pressure and temperature switch connedtiom the soft starter.

Remove the cooling shroud from the alternator carcassdsehing the six 8mm
bolts from the shroud lip. Remove ventilation piping andefalty compress and
store in a safe place.

Remove the wiring harness from the alternator and keepitteeattached to the
GCU connected.

Wrap phase wires around the alternators aliminium frangedgtach the clamp.

Sliding the alternator out of the motors shaft keeping @& in the horizontal
plane at all times. Do not knock tilt or rotate the CFA as ofgdaces under these
circumstances.

Remove the coupling unit from the flange of the motor usisganner.
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Appendix G

List of Suppliers and Budget

Table G.1: Components purchased during commissioning amghany details.

| System | Components | Supplier | Rand amount Year |
Prime Mover| Induction Motor- 15 kW Alstom 6 042,00 | 2003
Prime Mover| Soft Starter- Wye/Delta| Retlaw Engineering alo 2004

Generator 400 Hz Generator SAAF Donation alo
Generator Amphenol Connector Saftec Sales 1 500,00 | 2006
Ventilation | Veritech Fan and Ducts Veritech 17 953,36 | 2005
Ventilation Duct- Cooling Shroud Veritech 4 286,00 | 2007
Monitoring | Data Logger and Sensofs RS Components 3686,00 | 2006
Monitoring | LEM modules LV/LAH | Denver Technology 1 036,00 | 2006
Monitoring Thermal Switch- Bi RS Components 193,06 2006
Monitoring Pressure Switch- Low | RS Components 243,17 2007
Total 34 939,59 | 2007
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