— = _ . ]I
POST-GRADUATE EXPERIENCE |
by |

Olasebikan Alade Fakolujo, (B.Sc., Ph.D., DIC)

A report Submitted to

THE COUNCIL FOR THE REGULATION OF
ENGINEERING IN NIGERIA (COREN)

for |

?_. REGISTRATION AS AN ENGINEER

August 1 999




Scetion I:

Secuon II:

Section 111:

Section I'V:

APPENDIX I

APPENDIX II:

APPENDIX III:

Contents

Ph.D. Rescarch Work & Rescarch Assistantship at Imperial
College of Science, Medicine & Technology, London (1982
- 1988).

Teaching und Administrative Lxperience in University ol

Ibadan (1988 To Date)

Teaching and Administrative Experience Outside University
of Ibadan (195¥ T'o Date)

Major Conferences/Workshiops Attended

A Digital Capacitance Meter

A Unigué Power Supply Unit With An Appropriate
Transtormer

SCR Speed Control of DC Shunt Motor

Page

13

14

30




‘T'his report is in four sections, iz,

¢ Rescarch Work & Rescarch Assistantship at Impertal College ol Science, Medicine &
Technology, London (1982 - 1988).

¢ Teaching and Administrative Experience in University of Thadan (1988 (o date)
¢ Teaching and Administrative Expericnce outside University of [badan (1988 1o date)

¢ Major conferences/Workshops attended

Section I Ph.D). Research Work o Research  Assistinuship st bmperial
College of Scicinee, Medicine & Technolugy, Loadon (1982 - 1988).

Inthe course ofmy PL.D. rescarch work and research wasistantslip, 1 warked extensively

ol morgainie electron beam resists Lor mtegrated curvuils fabiication,

Anhydrous cadmium chloride (CACLy) was used as an electron bewm (e-beam) resist for
SESIO, teature Lubrication: c-beam decomposition. ol CdCl, was lollowed by dry ctching
(reactive ion etching) or S11s, CdCls was chosen as an e-beam resist matenal because ol

(1) Tis c-bewm decompaosition products, cadmium and chloring, are volatile ut
the irradiation temperature

(ii) 1t has high chemical resistance to fluorine based plasma, and

(111) Areas not exposed 1o e-beam radiation are casily removed.

T he decomposition efficiency of CdCl, film (140nm thick) was tound 1o be SmC/em” tor
radiation carrigd out sith a 2keV beam, and al a temperature of 210°C, The time, gas
How rate, gus pressuie, and v.l. power dependence of eteh rates were studied. Selectivity
values equal 16 or possibly much beuner than 16:1 were achieved in etching Si0;
compared to CdCl,, and a resolution of 100nm (the order of the [ilm grain size) was

obLdned.

Lead chloride (PbCla) and Pb Cd,,Cl, films were e-beam irradiated, in order to study
the decomposition Kinetics and to write metallic and metallic oxide patterns. The
decomposition kinetics were studied as a lunction of temperature, substrate, and current
density, by using a quadrupole mass spectrometer to monitor the reaction products,
namely cadonum (when appropriate) and chilorme (i all cases), Two classes of reaction
mechanisms were used to interpret the results of the decomposition processes in- 1ilms.
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Patterns of Pb, Pb-Cd, and oxidised Pb-Cd were written, but it was found that Pb {ilms
were not continuous, while films of Pb-Cd and Pb-Cd oxide were continuous. T'he
patern resolutions were tound 1o decrease with increasing irradiation temperature. ‘The
resolutions of Pb-Cd patterns were found 1o be superior 1o those of Pb patterns. The
resolution of Pb-Cd and Pb patterns, writien at 135°C, were G018 and 0.29pum
respectively. Sets of Pb-Cd and Pb-Cd oxide lines, of widths ranging between 0.8 -

3.0pm were written, Ultimate resolution of -30nm is possible or oxidised Pb=Cd film.

In the course of the above studics, compositional analyses of the samples \vere carried

out by vie or more ol’the tollowing lechniques:

(1)  LElectron Probe Micro-Analysis (EPMA)
(i)  Electron Spectroscopy For Chemical Analysis (ESCA), and
(i)  Sccondary lon Mass Spectroscopy (SIMS)
Surface morphology studies of the samples were performed by Scanning Electron
Microscopy (SEM).
The expernnental rigs tor the Ph.D. research & research assistantship work were i two
parts;
(1) the elecwon beam radiolysis and
(1) the plasma-assisted etching and end point determination set-ups.

The experimental rigs were extensively adapted for use.

Experimental Set-Up tor Flectron Beam Kadiolysis

The decompusition apparatus is shown in Fig. 1, with all the necessary electronic uniis
used. Thearrangement inside the chamber for electron beam radiolysis experiment is
showmninr Fig. 2, which shows the electron beam deflection plates, the quadrupole mass
specirometer (QMS), and samiple manipulator (Fig. 3a) capable of up and down
movements, and also with rotation tacility. Comﬁlcte connections and the attachments of

the sumple holder is shown in Fig. 3b, and cleuarly visible are the decomposed specimen,
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Electron Beam Decomposition Apparatus

(a) Vacuum chamber

(b) Electron gun power supply

(¢) Scanner and Temperature Controller Unit
(d) IEEE 488 Interface

(e) Keithley 480 pico-ammeter; for beam current measurement
(f) EG-G 5205 Lock=-in amplifier

(g) SX 300 QMS Controller

(h) ION-pump power supply

(i) Titanium sublimation pump power supply
(j) Pirani/lon guage control unit

(k) Bake-out heater control



Fig. 2: Lay-out of various components (used for radiolysis)
inside the vacuum chamber
(a) Quadrupole Mass Spectrometer
(b) Sample Holder

(c) Electron gun; showing the deflection plates assembly



Fig. 3:

(a) Sample Manipulator

(b) Sample Holder: (i) Decasposéd specimen showing the 4um x 4mm raster scanned frames
(ii) Phosplior screen used for e-beam location
(i11) Thermocouple lead, attached at the back of sample holder

(iv) Heater connection wires
(v) faraday cage, an open rectangular box made with molybdenum for beam current measurement




the phosphor screen, the thermocouple connection, the heater comnnection, and the
Faraday cage Lor mcasuring clectron beam current. The schematic representation ol the
electron beam decomposition set-up is as shown in Fig. 4. Decomposition products were
detected by using the QMS, and the signal analysed was in synclwonism with the
clectron beam, which is blanked on a 50:30 duty cycle at frequency of 128Hz, In tus
way, line-of-sight of chlorine (C1**) and cadmium (Cd'"™) signals were measured using a

lock-in amplifier, which reduces considerably the effect of background signal.

Experimental Set-Up tor plasna-ussisted etching and end point deteriniiation

A small commercial plasma ctcher was extensively adapted such that both plasma
clehing and reactive ion etching (RIE) work could be doire; wnd end-point detection unit

using a QNS was added.

The modilied cquipment used is shown in Fig, 5, and schematically represented m Fig, 6.
1t is essenually a parallel plate radial flow veactor, that consist of two 18cm diameter
water cooled electrodes (made of aluminium), with an inter-electrode spacing of ~3cm.
Powar was generated by a r.f_genérator of fixed frequency of 13.56 MIHz with the
impedance matching (tuning) done manually $o as 10 have minimum reflected power and

maximum torward power.

In the plasma mode: waters were placed on the grounded electrode, known as the anode,
and have elecwrical potential (0V) shiginly less than the plasma potential. In the RIE
mode, walers awdre placed on the powered electrode (the cathode) and has electrical
potential with respect to the plasma in the region ol about 300 to - 1000V peah-to-peak

vitlue.

Viacuum m the etching chamber was achieved by using a rotary pump (installed with a
fore-lne wrap) capable of a base pressure of ~10™ torr prior 10 introduction of eiching
gas. The chamber pressure was monitored using a tensioned diaphragm gauge (MKS
baratron Type 222). The QMS used, is capable ol detecting mass 1o charge ratio from 1
(0 200 amu . The QMS head column was maintained at pressure of 107 torr during

¢lfluent gas sampling by using an ion pump.
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Fig. 5: Plasma and Reactive-Ion Etching Apparatus

(a) Processing chamber

(b) r.f. power matching unit

(c) Gas flow meter

(d) Y-t plotter

(e) Etch-gas supply cylinder

(£) Oscilloscope:for signal monitoring
(g) Process controller

(h) r.f. power supply

(i) Micromass QX 200 QMS controller
(i) Ion pump power supply

(k) "Thermo-stirrer" for controlling the temperature of
the circulating water passed through the electrodes
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Fig. 6:

Schematic diagram of the plasma-assisted etching apparatus, showing
a quadrupole mass spectrometer attachment,
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Carbon tetrafluoride (CF,) was the main etching gas used. In the plasma mode, oxygen
(0s) was added to CEy in order 1o provent surluce polyniciisation on the CdCla resist

during etching,

To measure eteh rutes, lilin thickness was measured prior W nroducing the spechien 1o
plasma conaitions, and also aiter the completon of etching, The change n thickness 1s
divided by the eteh lime to give an average eteh rate. Film thickness meastirements were

by clipsomeury.

End-point determination was carried out in the RIE modes, Plasma etching was
abandoned because ol the nadequacy ol the ctching,  Thus itvAvas Jound there was
polymerisation ol the resist surlace, poor etch rates ol SiOs were obuined, as well as

poor sclectivity in etching Si0, and CdCl, when CF /Ox eteli-gas was used.

Composiional analyses ol samples were camied out by means ol clection probe nucro-
analysis (EPMA), electron spectroscopy 1o ehemical analysis (ESCA). and secondary
ion mass spectroscopy (SIMS).  Surluée 6F sumples was examined using the scaming

electron ncroscupe.

Alincar relationship exists (for cach of the sample Si0; and CACL) between the etch rate
Fatios and radial distanices measured from die clectrode centre, due 1o the non-uniformity

m the erch gas distribution over the water surface.

Preparation of sumiples (e EPMA and surlace morphiolugy studics was carried out by
mounting speeumen of required size onto a | em diameter brass or aluminium stub, using
an clectricdlyconducting silver paint.  The sample was then gold coated [or surface
i pladogy studics, and carbon coated for EPMA. A film coating ol about 10mm was
ouma 1o be adequate for both studies. Compositional analyses by ESCA and SIMS were

done without coating the samples.

The samples were examined in JSM-T100 scanning electron mmcroscope, operating at
25KV, and have a resolution of 8nm. The examination was done with clectron beam at

an angle of 437 1o the samples.
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Section II: Teaching and Admwinistrative Expericnce in Universin of 1badan

(19838 to date)

[ have taught several courses at undergraduate level, which include the following:

Network Analysis

Electrical Machines

Power Systems

Power Electronics

Lileetronice Circuits Design

Operational Amplilicrs & Linecar ICs

Semconductor Devices

Mini Micro Computers: Hardware, Soflwarg & Applications
[Digital Systems Design

Digital Data Transmission & Reception

In addition 1o my teaching assignment, 1 have supervised several students' projects and

also held various positions of respoasibilitics, notably the Acting Ilead ol the

Department of Elecinical & EBlectronic Engineerg, University ol Ibadan (1 1292 1o

30/9/95; 1/10/97 1o date). As Acting Head ol Department, 1 am respunsible to the

Usiversity Scnate:

for the teaching und the geaeral administration ol the Departiment,
for the organizanon and control of courses of swudy and

exutitinations m the departient

for the chotee and assigiment ol final year progect tides o tual year
students i the dup.‘u‘lnl.nl‘

In dihullulg;lts Lty Llu[it.::\. several lm;dul\;:; hiave been uL.\i':_;lu.'d ;uni s.'ull.‘all'l.h.l\_d l-UI' (TR

the laboratories. T'his is 1o cope with the shortage ot laboratory equipment. due o lack ol

fundse Repaorts of some ol thie modules constructed as \ppendices 1 - 1L

Section [ ]f;h'hiia,‘_{ N | .'\l’llliuih(l'-g!‘;[c I':_\ll_i_.:l_'l-u.'lll.:l.' outside Uniy casity ol

Hedan (19480 to daid)

[ have taught and perlormed <ome administrative duties at Lagos State Umversity

(LASU), as Associale fectunar (January 1990 10 August 1995) and during my sabbatical
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yorermee vn e s PFET 00 L 1 T, Dl thiese pernade b lan e talighit sevaral courses.

S boanioae bsted the Secdions il and sopenyised ses arad studenes” progects

-

Dusing any cabbatical period ae LASUL T held the Ballow g positions ol eespoasibilities

i <l fomied various Luska, ~sach s

o Acting bead of e Depaninien ol Blectronies & ompnier Pagineay g

o Alembor ol the l’l'l'ng_‘.l'.li'l'm't-' 1[]'!]11C111\‘li|.|lii'1] Copanillee Yor the P91 Wsisted
Piwyed

o Spearhended the vevetopmsm of o pw curncum for e agabudem, under the

“u * g

UNE=Nesisted P

o L opsbleriie \I\]lsl;\;ll\.-.‘ PEE b sy ul"&.mupum pravhases

o hvalved i the Networking of the Compuater laboratorin: Bus topology tor 30 PCs

v ehinared saties ul leciaes we sevaral couises @igaiused on "Woird Processing &
Pestop Publisinne”

¢ Cuarse Coordinator for several "Contiftnng, Enginecring  Education Progranimes
(bl courses Tor praciicms, ciguieers, such as 'Blectronic Feapmient: s

Apphication & Mainten-iee, and /PC Mauntenance' ™

Secaon AV T Major conderences/Workstiops attended

Muyor Coinerancessvorkshiops sttended sinee 1988 include:

e H=day enuque workstiop on the revised carricalum Tor the aidergradoae peoseaimie
i Elecomasd: Computer Engineermg held ot ASCON, Topn Budicary (223
Septasnlar V1L

o \Vogkshop Sommar on Instablation of” Novell Newvork i AN FINDE- Assisted
LMozton (29™ July - 2 AGaust. 1996)

o I Nl Comniercim. v i Kole o1 Practinoners o1 Instrumientation o Control
faoiieanns o Nanonat  Lechnofogical  Development.  19-20 September. 1991,
Uittt of Thaakar Conlranes Centre,

o bopoomental Worksbop on Hiegh Temperature Samiconductors & Related Materials

e Achiviiies) 12450 Nareh, 1990, Trieste. ltaly.,
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APPENDIX I

A DIGITAL CAPACITANCE HMETER
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ty INTRODUCTION:

It is a fact that most university laboratories and
some electronic workshops in the country cannot boast of
an instrument that can measure, accurately, the value of
one of the fundamental components in electronics and
electrical engineering - the capacitor.

A capacitor is simply a component thaf can store
electric charge.

The cépacitor can be required in a-number of applica-
tions: such as in isolation of dc biasing and coupling of
various stages in a multistage amplifier; filtering out an
unwanted frequency component; storage of voltage level
for a defined period (e.g., Sample and Hold circuit in commu-
nication circuits); shaping the frequency response of an
operational amplifier; and removing ripples from a power
supply.

In all these applications, the capacitance (value of
the capacitor) has to be specified. The capacitance C, ol

a parallel plate capacitor is defined as:
€y €rA
C = — Farads — (1)
d
where Eb is permitivity of free space in F/m, Ef is dielectric
constant, A is the cross-sectional area of the plates in m2
and d is the separation distance of the plates, in m.
Capacitors are usually classified by the dielectric

material (€r in Eqn.l1). The dielectric material is an
insulating medium and some examples are polyester, polysterene

for high voltages, ceramic for small capacitances, air or
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thin mica sheets for variable capacitors. Thus for a given
dielectric material, the capacitance of the capacitor depends

on parameters A and d.

1,1 Bridge Method of Capacitance Measurement

The most common way of measuring capacitance is the

alternating current (ac) bridge method, Fig. 1.

Q

R: 32_
a.c. DeteCtOr CS and Rs are
source standard values
Cs iy
X Rx and Cx are unknown.
Rs

Fig. 1: A capacitance comparison bridge circuit.

The balance equation of the ac bridge is given by the

eguation,

Il

]
R, (Rx - G%;) Ry(Rs -~ o2o) - (2)

w = 2TIf, where f is the ac source frequency.
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Eguating separately the real and imaginary parts give

the following equations:-

= Ro
Ry
and Cx = C(Cs :0) - (4).

The detector could be a pair of headphones whereby
adjustment of Rl gives a minimum sound which indicates the
balance point.

The major drawback of this method is that the accuracy
of measurement depends on the individual making the measure-
ment; similar to the parallax error introduced in using
analog meters, The error due to-this drawback could be
minimised by using a digital means for capacitance measure-

ment.

1.2 Digital Means of Measuring Capacitance

Fig, 2 is the block diagram of a digital circuit that
can be used to measure capacitances, The test capacitor
which is“the capacitance to be measured, is part of an
R-C timing network., The timing circuit network form part
of a mponostable multivibrator and the higher the value of
the test component the longer the output pulse of this
¢ircuit.

A low frequency oscillator (LF, Osc.) controls the rate
at which readings are taken, and this gives readings at just

under one second intervals, Its output drives a simple
control logiec circuit, the output pulses of this circuit

sequences the rest of the circuit.
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TEST
1 cap 1
MONOSTABLE
CLOCK GATE
LF. OS8C, CONTROL

DECADE COUNTERS

OVERFLOW
INDICATOR

LATCHES

LOGIC

DISPLAYS

Fig. 2: Block Diagram of the Capacitance Meter,

The first pulse (trigger pulse) is applied to the

T\

monostable ‘multivibrator whose output pulse, which depends

on the test capacitor,
the pulses coming from
of the gate pulse (the

stable multivibrator),

the cloeck oscillator.

the count is frozen.

value of

At the end

is needed as a gate pulse to count

one-shot pulse produced by the mono-

The latch pulse

from the control logic circuit enablesfthe test component

to be displayed.

The overflow indicator is an indication

that the yalue of the capacitor is beyond the range selected.
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2. THE DESIGN:
The major circuits, as shown in Fig. 2, are:
(i) The Low Frequency oscillator;
(ii) The control logic;
(iii) The monostable multivibrator;
(iv) The clock/counter; and
(v) The overflow indicator.
The CMOS logic ICs are used in the design, It has been
¢hosen in preference to the TTL because speed is of no
importance in the capacitance meter and moreover, its other

features make it desirable in this design.

2.1 The Low Frequency Oscillator Circuit.

This is an astable multivibrator circuit as shown in

Fig. 3.

Fig. 3: Low Frequency Oscillator.
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This oscillator has to be of a higher frequency than the
other circuits so as to give readings under one second interval
The 'on' and 'off' times are controlled independently by for-
cing the capacitor to charge and discharge through a resistor,

The time duration of a single pulse is given by,

T = 0.693 RC
for R = 470K/Land C = 100nf
T = 0.693 x 470 x 10° x 100 x 107>

=+ 0,03257 seconds.
Time for ten output pulses needed to complete one measurement

cycle, is 0,.32571 seconds, still far less than one second.

2.2 Control Logic Circuit

The CMOS 4017 BE was chosen. It has ten separate
outputs offering a completely deceded count, each output
pulse sequentially repeating every 10 counts. The control
logic circuit is shown in Fig., 4. Out of the ten pulses
produced, pulse.'O' is for reset, pulse 'l' for trigger
and pulse !9'. for latch. The remaining '2 to 8' pulkes are

to provide time for the duration of the gate pulse.

5V ' _ ,RESET
16 3

1“317 BE: : ]0 f_fii)o—Lﬁlc

13 J15 2
oV —»to monostable

Fig. 4: Control Logic Circuit,
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2.3 Monostable Circuit

The circuit (Fig. 5) is made up of two NOR gates, the
test capacitor and the range resistor.

A non-retriggerable monostable multivibrator is employed
so that if the trigger pulse duration from one of the~NOR
gates is longer than the duration of the output pulse there
would be no effect on the display reading,

The range resistors (six in all) each have a tolerance
of 1% which allows for maximum accuracy and avoidance of
callibrating, individually, each range-which would be rather
cumbersome, By reducing the timing resistance (range resistors
10M-100Qbm) in decade steps, the timing capacitor (10nf to

1000pF) needed for a reading is boosted in decade increment,

2.4 Clock Oscillatory Circuit

The NE 555V timer.is employed as a free-running

multivibrator (Fig. 6).

This mode of operation is for the continuous generation
of pulses whilst the gate pulse from the monostable is
available.

The on time, ton = 0.693(31+32)c, also

The 'off' time e 0.693R2C.

2 A
For this design, ton and toff are determined by the
variable resistor. The variable resistor is used for
calibration to enable the right amount of pulses to be sent

to the counter circuit.



MWL
555
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OV « :
C=1vfF——
2 1
7
e s
Rar
L[] 33K 565 TIMER 3 to counter
7 circuit
Ry | 10K
8 4
} 5V
from monostable

Fig. 6: Clock oscillatory circuit,
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2.5 Counter Circuit

The counter circuit (Fig. 7) counts the pulses from
the cleck oscillatary circuit. The reading is displayed
when the last pulse (latch pulse) from the control logic
circuit has been received by the counter circuit,

The IC 40110BE counter, can only drive common cathode
displays. The current flow from the counter to0 the display
is usually rather high as a result, resistors are used as
an interface between both components.

The display, which is 0.5 inch@s;-is chosen because of
its high brightness featuring highly legible, bold, solid
segments, fast switching, low §0wer comsumption and compa-
tibility with ICs. When all the four segments are on display,
a current of about 100mA may be drawn from the power supply,
so six batteries of 1.5V each are used. The reset from the
control logic circuit resets the counter, although not
disturbing the 'frozen' count so as to have the next reading

start from dits 0000 mark.

2.6 /Overflow Indicator Circuit

This circuit (Fig. 8) is to enable the users realize
that the test capacitor is too large for the range chosen,
A CMOS IC 4013BE, which is a dual - D type Flip-Flop,

and two NOR gates CMOS IC 4001BE are used.

2.7 The Module

Figs., 9 and 10 combined, are the whole circuitry. The
3

whole circuit is enclosed in an enclosure of 205 x 140 x 40mm
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TO OTHER ‘ » LATCH
4011OBES ¢ » RESET
— » OV
15 2 b TIMER
10
40110.BE
1] 18] 142 13] 12[ 3] 2
4700 U 101
6] 4] 2] 1 9| 10
DISPLAY 4
3
—QV
Fig. 7: Typical coﬁnter circuit.
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. ' 4013 BE R
11
- e
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Fig. 8:

Overflow indicator circuit,
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Display 4 Digplay2
‘ 3——)pin'9
1C4
o | '
PR e : \f"t pos Ppr S
| 100nf 100n!
R pinid som [ | 1m [iook] |10 Ji T———_j
168
5
T '
N e RESET ' ov !
470K A 16 ICB400IBE Jr__
= 14 4017BE LATCH
SIN - % 3 _ _‘,:?7"' '
100nF l— s l ,L
—ﬁ TEST Ds  Cal
CAP
oV

Fig. 9:

Part 1 of the Digital Circuit,
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j
7 RESET.
5y
: 1515 5 1 el8 6l g 1ol 5 6l .~ js )
40110 BE i 40110BE 2 40110 BE 4 40110 BE 4 FROM
11 % IC 2 3‘L_ Ic3 f IC4 ﬁ 555
1[5[14]13]12] 3] 2 V] S[Wananz] 3] 2 BIEABE
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Switch A SwitchA Switch A
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T 5 oV
Fig. 10: Part II of the Digital Circuit.
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made of plastic (top and bottom), and metal (front and back)
panels. The display window is cut out on the left handside

of the top panel, installed with an LED display filter which
is anti-glare.

In the front panel are four sockets, 6 way-2 pole
rotary switch, overflow indicator and an ultra-minimum
toggle switch,

The unit has an in-built calibration ecapacitor to

check the validity of any reading being obtained.

3. CONCLUSION:
A digital capacitance meter capable of measuring capa-

citances in the range of 1n¥F to 10004F has been designed

and constructed. The 'meter is powered by an internal 9

volt battery, and ds consequently fully portable. An over-

flow indicator eircuit is also included to show when the

value of the test component is out of the chosen range.

The design has four digit LED display covering the following

Six ranges«
Range to 9.99nF

Range to 99.99nF

Range to 9.99uF

Range

1, O
2 0
Range 3, O to 999.9nF
4, 0
5, 0 . to 99.9uF
, _

Range 6, to 999.9uF
The accuracy of the meter was found to be quite good giving

typical error of +2% in measurements. The device is now in

use in our department.
The project is cheap and all components used are avai-
lable in the country. Parallax error is eliminated.
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A UNIQUE POWER SUPPLY UNIT
WITH AN APPROPRIATE TRANSFORHMER
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X, INTRODUCTION

One of the most basic and necessary systems, or more
specifically subsystems, in electronics is the direct current
(de) power supply. In communication equipment, instrumen-
tation, computers, or any electromechanical systems, small
or relatively large, a source of dc power which is furnished
by a dc power supply is required.

Basically, the function of a dec power supply is to
convert the readily available 230V, 50Hz alternating current
(ac) voltage into a well regulated, fixed or variable, dc
voltage., The power supply, therefore, must contain the
following circuits:

(1) the transformer, which eithey steps up or steps down
the available ac voltage to the required level;

(2) the rectifier circuit, which converts the ac voltage
into unidirectional. or pulsating dc voltage;

(3) a filter circuit, which removes or minimizes the
ripple; and

(4) a-regulating circuit, which maintains the dc

voltage level at the required output value irrespective
of variation in either the load or the input ac supply
voltage.

The scope of the design is to meet the following
specifications: +5V,IA; +12V,1A; 0-40V,1.5A; and 0-(-34)V,1.5A.

To meet these specifications, an off the shelf trans-
former cannot be used, therefore, an appropriate transformer
has to be designed and cdnstructed to achieve the dc power
supplies requirements. Thus, this work has its basis on a

good transformer design.
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2, TRANSFORMER DESIGN.

2.1 Transformer Classifications

Transformers are used to meet a wide range of require-
ments. Poly-type distribution transformers supply relatively
small amount of power to residential houses. Power-trans-
formers, depending on the size, are employed: <(i)-at gene-
rating stations to step up the generated voltage to high
level of transmission to minimize losses; (ii) at substations
to step down the transmitted voltages.for local distribution;
and (iii) in electronic circuits power supply unit, to step
down the available ac voltages. Instrument transformers
are used to measure voltages.and currents. Audio and video
transformers must function over a broadband of frequency.

Radio frequency transofrmers transfer energy in narrow
frequency bands from one circuit to another, A power
transformer designed to meet the requirements of electronic

circuits, is fo be implemented.

2.2 The.Design

In transformer design, most of the basic design
principle are applicable to all the aforementioned trans-
formers, but attention will now be focused on the design
of the power transformer. The power transformer reguired
for the above specifications is a 240V/8A primary winding
and multi-windings secondary having centre-tapped valves
of 32V, 28V, 24V and 18V. The number of tu}ns of wire for
both primary and secondary windings are obtained from the

transformer designers' equation [1-5] ;
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X
where N is number of turns of wire to induce the emf

voltage E, Bma is the maximum flux density to preveat

X
magnetic core saturation, A is the crosss-sectional area of
the insulating former (Fig. 1) of the transformer and f
the operating frequency.
Fig. 1 shows thecomplete transformer core assembly.

In choosing the core material from the listings in
Table 1[6), the silicon content ofrirom and nature of

annealing are very important in’that they have a direct

bearing on the hysteresis loss... The first three are

TABLE 1[6]: TRANSFORMER GORE MATERIALS AND THEIR

CHARACTERISTICS
(B-H) Sat.

MATERIAL P “odc Pmax de Gaus Lines/
sq. in

Mumetal 62 30,000 130, 000 5,500 55,000
Permalloy/C 60 16,000 7,500 5,000 52,000
Radiometal 55 2,200 22,000 16,000 103,000
Permalloy B 45 2,000 15,000 11,000 103,000
Permalloy A 20 12,000 90,000 8,000 71,000
Cr<Permalloy 65 12,000 60,000 8,500 52,000
Mo=Permalloy 55 20,000 75,000 6,000 55,000
1040 56 40,000 100,000 9,300 39,000
Megaperm 97 3,300 68,000 15,500 60,000
Hipermck 46 3,000 70,000 16,000 100,000
45 Permalloy 45 2,700 23,000 12,000 103,000
Rhometal 95 250-2000 1200-8500 19500 125000
é% Silicon Steel 55 450 8000 16000 125000
/} = resistivity in microhm cm; pcdg=initia1 permeability

pmaxdc = maximum permeability obtainable
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Fig. 1: Transformer Core Assembly.
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materials are the most commonly used for low voltage, single
phase transformers [6]. The permalloy C was chosen for this

work, and to prevent magnetic saturation, Bmax value of
50,000 lines/in2 was used. With a cross-sectional aréa of
the core of 2.74 in2 (1.68in x 1.62in), then number o©f turns/
volt equals 3.29.

In the practical implementation, the number. of turns
of wire per volt of 4 resulted in total number of primary
winding of 880 turns for a 220V ac supply. The number

of tumns for various secondary voltages are listed in

Table 2.

TABLE 2: SECONDARY VOLTAGES AND CORRESPONDING WINDING TURNS

Secondary Secondary - Power Supply
voltages Winding ; voltages
(V) turns | (V)
32 128 0-40
28 112 0-(-87)
24 96 +12
18 72 # D

Enamel cable of standard wire gauges (s.w.g) 22 and 24

were used to meet the required specifications for the
primary and secondary windings, respectively. The disparity
in the s.w.g. is due to the followings: available winding

area; and highercurrent in the secondary circuit (since the
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same power is transformed from the primary circuit to the
secondary circuit, then stepping down the voltage will
result in higher current in the secondary circuit).

Most transformers are wound by winding machine which
makes the job quite fast, neat and ensures accurate number
of turns. Due to either non-availability or non-functiona
lity (when found) of such machine, the winding was done
manually. It has to be mentioned that manual winding is
very tedious, and reguires absolute concentration as well
as greater care to avoid making any mistake, The winding
process commenced in the clockwise direction until half the
required number of turns had been wound. Since the enamel
cable is coated, insulatioen at this point of half total
number of turns was remoyed, and a wire tapping soldered
to the point, This serves as the centre-tap point and the
winding process continued in the same direction until the
required numbér of turns had been wound, with the end point
brought out.. The whole coil was insulated properly using
paper tape,. this being in addition to the insulation offered
by the 'coating of the wire. Secondary windings were also
done-.and insulated accordingly.

Appropriate measurements, such as the continuity test,
efficiency, regulation, heat resistance test, indicated
that the final design and constructed transformer is in
accordance, within allowable experimental error, with the

original aim of the design.
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3. SIGNAL CONDITIONING CIRCUITS

The signal conditioning circuits comprise of the

following: rectifying, filter, and the regulating circuits.

3.1 Rectifying Circuit

Rectifiers are used primarily for the conversion of
ac voltages to de voltages. In semiconductor technology,
the device that meets this definition is known as a pn
junction diode, It is a component that allofs current to
flow in one direction but blocks the flow of current in
the other direction.

There are various rectifying circuits; such as the

half-wave and full-wave rectifying circuits.

3.1.1 Half-wave Rectification

A half-wave rectifying circuit is shown in Fig. 2, with
the appropriate input and output waveforms. This type of
circuit is practicable only for light load condition so that

the transformer core does not reach dec saturation,.

3.1w2 Full-wave Rectifier Circuit

Full-wave rectifier circuits are as in Figs. 3a and b.
In the ecircuit of Fig. 3a, each diode voltage rating is twice
the peak reverse voltage, also a centre-tapped transformer
having twice the overall voltage rating is employed. These
are serious drawbacks. To overcome these drawbacks, the
circuit of Fig. 3b, which is a bridge rectifier circuit, is
employed. Bridge rectifier circuits are useful in both

single-phase and poly-phase applications.
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Fig. 2: Half-wave Rectification,

Fig. 3: Full-wave Rectification.
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3.1.3 Characteristics of Rectifiers

3.1.3.1 Peak Inverse (or Reverse) Voltage (PIV)

This is the voltage that the diode rectifier must
withstand when it is non-conducting. For a well-designed
power supply, the maximum value of the inverse voltage
should not exceed the rated value of the rectifiexr specified
by themanufacturer. It is then obvious that rhis PIV is
shared by two diodes in the bridge rectifier circuit of
Fig. 3b, while a single diode has to withstand this amount

of voltage in the circuit of Fig. 3a.

3.1.3.2 Current Ratings

Another important rating for a rectifier is the average
current through it, The average rectifier current of a half-
wave single-phase rectifier is the same as the average load
current. For a full-wave single-phase rectifier, the ave-
rage rectifier current is one-half the average load current.
The maximum value of instantaneous current through the
rectifier (should not exceed the peak current rating of

the rectifier,

3%1.4 Ripple Factor

The term 'ripple factor' (illustrated in Fig. 4) is
used to eyaluate the amount of ac component still present
in the rectified dc output of the rectifier, Ripple factor,
r, is given by the equation,

rms value of ac component

. de value of output signal (2.
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The ripple factors for half-wave and full-wave rectifier

circuits are 121% and 48% respectively.

Vi

AN\
‘\J/\V F N D Mpp

Vac

|

Fig. 4: TFilter voltage waveform showing dc and
ripple voltages.

3.2 Filfers

Thoéugh the ripple factor of the full-wave circuit is
much-lower than that of the half-wave, the percentage of
the ac component is still unsatisfactory for most electronic
purposes; Thus, a filter circuit has to be employed to
remove the unwanted ripple variation in the output voltage
to produce a smooth dc supply.
There are various filter circuits (Fig. 5) such as the

simple capacitor filter, the L-section filter and the pi-
filter.
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(a) Simple Capacitor Filter (b) L-Section Filter (c) Pi=Eilter,
Fig. 5: Filter Circuits.

For the purpose of this design, the simple capacitor
filter circuit is more than adequate, this is because the
inductors required for low ripple are somehow bulky and
relatively expensive,

The simple capacitor filter circuit of Fig. 5a, is
connected across the rectifier output and the dc output
voltage is available across the capacitor. Figs., Ga & b
are the rectified and filtered outputs, respectively.

As showﬁ, the filtered voltage has a dc level with some

ripple voltage super-imposed on it.

'k

(H1] i

Fig. 6: Capacitor filter operation: (a) full-wave rectifier
voltage; (b) filtered output voltage.
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At no load (R =¢), the output waveform would ideally
be a constant de level equal in value to the peak voltage
(Vm) from the rectifier circuit. However, the purpose of
obtaining a dc voltage is to provide this voltage for.use
by other electronic circuits, which then constitute a
load on the voltage supply. Fig. 7 shows the output waveform
of the capacitor filter circuit approximated-by straight

line charge and discharge

-
e
———
=
e b——
T
——

Fig. 7: Approximate output voltage of capacitor filter
circuit.

By the appropriate analysis, the following relations
are obtained for a full-wave rectifier and capacitor filter

circuits:
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" '
Vae T Vm - P (3)
v
2 J5

If Ide is the average current drawn from the filter by the

load, and C the filter capacitor value, then;

4 J3FC Vm

Vr(rmS)

F, being the operating frequency.

For light load, L is only slightly-less than Vm, therefore,

Ide

Vr(rms) 4 J3 ¥C e S5

Using the definition of ripple (Eq. 2) and the equation
for ripple voltage (Eq. 6), then the ripple factor of a
full-wave capacitor filter is;

v Ide s |

S _r(rms) L — X o— X 100%

S Vac x 100% =, r3xs0xC  Vde
> - 2.91dc
“. T= ZF—  x 100% — (7

de

Alternatively,
r = 22 5 100% —  (8)
RLF

Idc is in mA, C in microfarads, Vde is in volts and
RL is in Kilo hms.
Thus r vary directly with the load current (high

load current, high ripple factor), and inversely with the

capacitor size.



3.3 Regulator Circuit

A regulator circuit maintains a rated output voltage
under all conditions; either no load (open circuit) or
full load (short circuit) supplying an output current,.

A practical regulator characteristic is shun in Fig. 8,
where the output voltage under load, Vy is lower than

the no-load output voltage, VgL,

oM

perfect regulation

4

OL g

typical characteristic

Fig. 8: Regulated voltage characteristics.

The amount of regulation in percentage is given by,

% regulation = ¥ V.
_fll_'v:_;k x 100%. — (9).
L
But V; = Iy Ry, there fire,
% regulation = VOL = Vy 100% — (10).

TiRp,
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The output resistance, RO’ of the regulator circuit is

given by,

0 —  (11)

Egn, 10 can be rewritten as;

% regulation = gg x  100%
L

— (12).
Therefore, for a given load, regulation improves as:

1) the voltage deviation, VOL - VL is small and;

(ii) the output resistance, RO’ becomes smaller,

A perfect regulator then has zero output resistance.

Low cost fabricating technigues have made a large number

of integrated circuit (IC) reégulators available commercially,
These devices range from fairly simple, fixed-voltage types
to high-quality precision regulators.

The IC regulators have a lot of features built into
them. In discrete components form, implementing these
features would require a lot of extra space, complexity
and significant increase in cost. Among the IC regulator
features are: current limiting, self protection against
excessive heating, remote control, remote shut-down,
operation over a wide range of input voltages, and foldback
current limiting.

The various types of IC voltage regulators are:

(i) Group of fixed positive-voltage regulators in series
78xx. Fig. 9a shows the connections of the regulator,

ViN is the output of the rectifier-filter circuits,

and capacitors C1 and C2 help to maintain the de
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voltage and act as additional filter for any high

frequency voltage variation., Table 3 lists some

typical data.

(ii) Negative voltage regulator ICs are available in

series 79xx (Fig. 9b). Table 4 lists the 79xx

series typical data,

("

s
Vi

©)
n IN our +
| TEXK |
. Cy U4
:L U

H
it

IN

T9KK
GND

(b

Fig. 9: (a) Series 78xx positive-voltage regulator;

(b) " Series 79xx negative-voltage regulator.

(iii) . IC voltage regulators that allow the user to set

the output voltage to a desired regulated value,.

The LM 317 (Fig. 10), for example, can be operated

with output voltage regulated at any setting over

the range of 1.2V to 37V, by the appropriate

selection of resistors Rl and R2.

The negative equivalent is the LM337,
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Table 3[7]: Positive Series 78xx Voltage Regulator IC

IC Part Number Reguégiigggutput Migigum
) (V)
7805 +5 7.3
7806 +6 8.35
7808 +8 10.5
7810 +10 12+5
7812 +12 14.6
7815 +15 kg
7818 +18 21
7824 +24 27 .1

Table 4 [7] : Fixed-Negativeé-Voltage Regulators in 79xx

Series
Regulated Output Minimum

IC Part Number Voltage Vin

(V) (V)

7905 -5 - -7.3

7906 -6 -8.4
7908 -8 -10.5
7909 -9 -11.5
7912 =12 <14 .6
7915 =15 =-17.7
7918 -18 -20.8

7924 -24 -27.1
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Fig. 10: Connection of LM317 adjustable-voltage regulator,

3.4 Power Supplies Design

The transformer design to meet the power supplies
specifications; #5V, +12V as well as variable voltages of
0-40V and 0-.-35V, has been done in section 2.

For-the +5V supply, the minimum dc voltage, VIN
(Tables 3 and 4) required at the input terminal of the
7805 and 7905 regulators are +7,3V.

For a 2% ripple voltage for instance,

vr(rms) 0.02Vdc
X sl s V3 V. = 0.0346V, .
From Eqn. 3,
vJ.N = Vde = Vm - Vrpeak
Vde = 0.97VmZ +7.3V

hence Vm Z 7,558V,
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The transformer design in section 2 was carried out for
Vm = 9V (18V centre-tapped for +5y) as indicated in Table 2,
resulting in Vdc value of 8,73V,

Hence Viirms) = 0.175V.

For a full load current of I = 1A, then from
Egn. 7, the value of the capacitor required isy
C = 16610uF. This is quite high, as choosing a value of
4700uF will give a ripple factor of 7% at full load; a rare
operating point. The bridge diodes are chosen by the
following design guide:
(i) Since each of the 78xx and 79xx regulator
output current is rated 1A, then a diode
with Iav =2 2A was chosen.
(ii) The PIV of the.diode is given by,
PIV > 120% VdeNL.
For a +3V dual power supply,
VdeN = 2x9V = 18V

LJLPIVE 21,6V,
Similar calculations were made for other supplies and the

component specifications are given in Table 5. for the

overall power supply circuit.
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TABLE 5: COMPONENT SPECIFICATIONS

Power Diode Electrolytic Regulator
Supply Rectifiers Filter Type
Capacitors

Fixed IN5401 4700uF 7805/
+5V, 1A 100V, 3A 50WVDC* 7905
Fixed IN5401 6800ur 7812/
+12V,14 100V, 3A 63WVDC 7912
Variable PBL406 6800uF LM317
0-40V,1.5A 220V, 5A 63WVDC
Variable PBL406 , 6800puF LM337
0- =-35V,1.5A 220V, 5A 63WVDC

.
* WWDC -~ Working Volts DC,

The complete circuit diagram (Fig. 11) is housed in
a wooden box frame with provision for natural air cooling
of the transformer. Fig. 12 is the photographic picture

of the module.

4, CONCLUSION

The designand construction of an appropriate transformer
formed the backbone of the design of the power supply, and
of“course, is responsible for the success of this work.

The specifications are fixed voltages of +5V, +12V,
variable voltages 0-40V and O- -35V, with protective circuits

incorporated.

The module is similar to having six power supply units.

The overall objective of producing a durable unit that
can withstand the test of students' rugged usage in the labo-
ratory has been achieved. The device is now in use in our
laboratory.
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THE MODULE,

12

Fig.
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1. INTRODUCTION

The role and importance of the speed control of d.c
motors in industrial set-ups and laboratories cannot be
overemphasized. It readily finds applications in such areas
as handtools, foodmixers, washing machines and the conveyor
belt drives, Motors have to be started, run up toloperating
speed and stopped in normal duty or in emergency.

Speeds may have to be fairly constant andiaccurate for
certain operations. These include the paper-making process
where accurate speed control is essential. ~ At the pulp end
the mix is very wet (99% moisture) and tender; at the reeling
end it is strong and nearly dry (9% moisture). Between these
two extremes, the paper passes through a series of rolls,
driven by up to a score of motors. To avoid tearing, all
motors must run at carefully adjusted and interrelated speeds,
However, to permit for the production of different paper
qualities, overall speeds must be adjustable. Other appli-
cations are in the rolling-mills, mine winder and conveyor
belt used in production lines,

Speed control of d.c motors can be achieved in a lot
of ways, however, only few of them are practically and
economically viable. Among the earliest methods used for
the speed control of d.c motors is the Ward-Leonard system.
It is one of the most versatile methods and involves the
use of a separate motor-generator set to supply variable
voltage to the armature of the machine under control while
its.: field is supplied with a fixed voltage. The motor is
usually a 3-phase squirrel-cage induction motor driving the

separately excited d.c generator. The major constraint of
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this system lies in its size and cost considerations. Other
methods include the use of a power transistor operated in the
switching (ON/OFF) mode, With typical output of 100A and a
forward voltage drop of 1-2V, for turn-off, the base current
must be reversed, the non conduction state being achieved

in about 10puS. Such very rapid rates of change of current
and voltage make the design of the circuit layout .critical.

Considering the constraints associated with the already
mentioned methods and the need for an effective speed control
at reasonable cost, the advent of thyristors in the early
1960s can be referred to as a blessing, The main advantage
of thyristor is their ability to-control large amounts of
load power with a very minimal expenditure of control power.
For the power transistor, a high and continuous base current
is required for it to be held in saturation.

For example, a S50A transistor requires 1.0A of base
current at 0.7V, VBE' while the thyristor will be triggered
into conduction by 1.5V, 50mA gate pulse,

The silicon—controlled rectifier (SCR) is a member of
the thyristor family. It is one of the oldest and by far
the most used in the family. The rating of the SCR is
usually given in rms values, typically 1-300A average anode
current at 25-1200V voltage.

In the design and construction of the laboratory
equipment, size, cost and expended power are some of the
factors considered., The task at hand, therefore, is to
produce a module which will facilitate the speed control of

d.c shunt motors using the SCR (open loop method). The
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module is expected to be used in the laboratory, among other
things, to augment the teachings of power-electronics in the
use of thyristors, and hence bridge the gap between theory

and practice,

2, DESIGN CONSIDERATIONS

As already stated, that motor speed has to be adjus-
table to suit the various applications mentioned in Section
1. For the problem at hand, a d.c shunt motor is to be

controlled using the SCR (open loopmethod).

2,1 D.C Shunt Motor

The arrangement of a shunt motor is given in schematic
form as in Fig, 1 with the field winding connected in
parallel with the armature.

The shunt motor is essentially a constant speed machine
with a low speed regulation. An electric motor must produce
rotation ofa shaft against a load torgue. The electro-
magnetic torgue, Te, produced by a shunt motor is given by:

T, = K1, = K I — (1)

where K - machine constant, § the flux per pole,

Ia the armature current, and Km the machine constant for

a constant flux.
The generated emf, % is éxpressed as,

E = Khw = me —_— (2)

where w is the angular frequency.
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For a motor, the terminal voltage, V, is expressed as;
= -+ ———
v E+I R, (3)

Ia being the armature current.

Combining Egns. 1-3, gives

r - KBV (k0)2w

- (4).
e Ra Ra

The implication of Equation 4 is that the .speed of an
electric motor could be controlled by varying the voltage
applied to the armature, the flux, and the armature resis-
tance. Though Egn. 4 shows that the speed could be control-
led by varying the armature resistance, this approach is
generally undesirable since/energy is wasted. Therefore, all
methods of speed control.should involve the variation of
either the armature veoltage or flux, or both of these para-

meters,

2.2 Design Layout

Based,on the established fact that varying either the
flux or the armature voltage can alter the speed of a d.c
motor, an open-loop control system (Fig. 2) is employed,
whereby the terminal voltage is varied and consequently
varying the motor speed.

The controller is a silicon controlled rectifier (SCR),
while the control logic system block is a means of controlling
the SCR, i.e., the firing circuit. The control logic system
has the same source of power as the motor armature circuit

for synchronization purposes.
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Input Signal ggﬁiie
WV
\
Control
Logic > Controller > Motor > Load
System

Fig. 2: Basic Scheme of Electronic Motor Control.

2.3 Design Specifications

The motor speed control circuit specifications are:

(i) Synchronization of the firing circuit with the
armature circuit, especially in frequency and
phase;

(ii). Optima operation of the SCR; and

(iii) ~Easy control of the motor in all load conditions.

274 Design Realization

The control circuit is as shown in Fig. 3. The passive
and active components are listed in Table 1. These values

were chosen to meet the design specifications.
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Table 1: Components Used in the Control Circuit,
Components Types
RESISTORS:

Ry 13KQ, 10W

R, (variable) 5KA) 3w

R, 2KQ, W

R, 6.82, 5W

Ry 10, 5W
CAPACITOR, C 0.1pF, 600V
DIODES:

Dy 30V  Zener

D, 600V
Uninjunction Transistoeor  (UJT) 2N2646

SCR BTY 79-400R

2.4.1 Power Supply Requirements

A variac is used to step down the mains voltage to the
required 120V a.c.

The firing circuit requires 30V d.c power supply.
This is obtained from the power resistor, R1 and the 30V
zener diode D, combination, R. acts as a current limiting

8 4 )
device.
to the
The power supply/load, which is the shunt motor, is in
two folds: a constant supply to the field windings; while
the other is the variable power supply to the armature circuit,
The constant supply to the field winding is by means of diode

D2 which produces half-wave rectified average voltage Vf
across the field winding.
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2.4.2 The Firing Circuit

The firing circuit is of immense importance to the
overall control circuit. The firing circuit is as shown in
Fig. 4. The variable resistor Rz is used to vary the_time
constant, L, for the charging and discharging of the
capacitor, and hence the resulting electrical pulses of the
firing circuit is varied. By knowing the time of the first

pulse, the firing angle can be determined from the expre-

ssion;

e = 18t _— ).

2.4.3 The SCR

The BTY 79-400R SCR ratings; voltage, current, power
and temperature, were the determining factors in employing
the device for the design purpose,

The constraint on maximum operating temperature was
met by the apptropriate choice of a heat sink. The heat
sink rapidly dissipates heat from the SCR, The one used,
for this project, has a thermal resistance of 2.1°C/W and

the dimensions are 12 x 8 x 2.5cm3.

The major protection, apart from optima application
of the SCR, is the 5A line surge fuse (Fig. 3). A surge
fuse responds to surges, making it more sensitive than the
conventional fuses.

The whole circuit is housed in a wooden box frame

having dimension 37cm x 35cm x 12cm.
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Fig. 4: The Basic Firing Circuit.
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Fig, 5: Capacitor and Output Pulse Waveforms.
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g. INSTRUCTIONAL MANUAL:

The performance of the circuit was tested by following
the procedure outlined in this section.

Once the circuit connections have been made, the next
step is to proceed with the experiment as indicated in the
instructional manual. The experimental procedure outlines
the necessary steps to be taken during the experiment. It
is important to note here that the user must adhere strictly
to all the instructions in this manual.

The experiment on d.c shunt motor speed control is
carried out as follows:

AIM : To study the open leep control of a d.c shunt

motor using thé eircuit of Fig. 3.
EQUIPMENT: Digital Voltmeter

Dual-trace oscilloscope

A.C Ammeter

Variac

Connecting leads

The SCR speed control Module

D.C machine EM8211

Hand Tachometer EM8820
THEORY 2 There are different methods of controlling the

speed of d.c shunt motors., Some of these are:
Application of variable armature voltages, varying the
armature current and varying the field current. The SCR
acts both as a rectifier and a variable voltage source, by
varying its firing angle, ©. This intrinsic advantage of

the SCR to supply variable average voltages is employed in
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the SCR control of the d,c shunt motor, The d.c machine
EM8211 is used for this experiment. The open loop speed
controller consists of a field supply and a varying armature

power supply.

PROCEDURE

(1) Set Rz completely clockwise, for maximum resistance.

(2) Connect up the circuit in Fig. 3.

(3) Connect terminals 7 and 8 together so.that the
triggering signal from the firing-circuit can be
applied to the gate of the SCR,

(4) Observe the capacitor voltage Ve and the resulting
firing pulses by connecting the dual-trace oscilloscope
to terminals 6 and 7.

(5) Turn on the power /supply.

(6) Adjust R2 until the motor just rotates. Record the
triggering time, ti1,  (Given by Equation 5).

(7) Repeat step 6 above for motor speeds up to 1500rpm by
using a hand tachometer, taking up to five readings.

Record the corresponding triggering time, t.

RESULTS

(1) Draw the observed waveforms for the capacitor voltage
Ve and the triggering voltage VGT‘

(2) Calculate the firing angle, ©, from the relation

e = 18t
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(3) Plot the graph of speed (r.p.m) against O(OC).

(4) Comment on your results,

4, CONCLUSION:

The aim of this work has been to build a laboratory
module which controls the speed of a d.c¢ shunt meotor. In
the process, the BTY79 - 400R SCR has been employed.

The speed of a 2 H.P laboratory machine EM8211 has
been effectively controlled using the SCR, “The UJT
(2N2646), is the major component in_the firing circuit,
produces 8 pulses at peak voltage of 7V in one half-cycle.
With the module, the speed vardiation of the d.c shunt
motor (EM8211) was from O to 1600 r.p.m. An instructional

manual is provided in Section 3 to aid in the usage of the

module,
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