DESIGN AND CONSTRUCTION OF AN AUTOMATIC PHASE SELECTOR

ABSTRACT

This is a technical report presented on the design and construction of an Automatic Phase Selector.


In the construction work, an ordinary level knowledge of electronics principles are observed. We aimed at presenting a practical aspect of the subject and then providing the argument necessary for a thorough understanding. The reliability of the specimen was estimated after construction and testing to ensure steady state stability. The work is organized into five chapters.


Chapter one introduced the subject matter. Chapter two explores the literature review of the related works. Chapter three contains a detailed account of the design work while chapter four closely attempted an analysis of the design work. Chapter five draws the curtain by concluding the work.
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CHAPTER ONE

INTRODUCTION
As the growing population of human race widens the gulf between energy supply and energy demand, the imbalance in energy availability sent researchers into excavating for a way of settling this age long squabble. A lasting solution is vested on alternative use of the renewable energy source, a project that is yet to be widely applied. Hence, the continuation of the unsettled yearn for sufficient power. Consequently, the power lines are frequently over loaded resulting to a trip of power by the action of switch gears or by the load shading process undertaken by the distribution authorities.


Since it is crystal clear that some institutions such as health related institutions and some other delicate systems should not be allowed to suffer equally with their counterparts, Automatic Phase Selector is used to sustain energy consumption in the time of phase trip. The design of this circuit involves the use of automatic switches but the details of design varies from place to place, time to time and also depends on the type of load involved.


This project involves the use of transistor driven relays to affect the change of phase whenever the voltage condition becomes intolerable in the previous phase connected.  

  AIMS/OBJECTIVES OF THE PROJECT

The analysis of this project cannot go without enumerating the goals meant to be achieved in the pursuit of the work. These objectives include:-

To develop a simple low cost device aimed at easing the prevalent burden faced by delicate offices, parastatals and institutions who need very low but constant power supply. Since supply is always on along the distribution lines that supply such sites, what pesters on the progress of work thereof is always the unwarranted trip of phases due to power usage from neighbouring consumers. The automatic phase selector therefore, erase this setback form the face of progress of work in such offices.

To stimulate the interest of upcoming students to take up research not only in their field of study “Electrical/Electronics Engineering” but also to extend their arms to other disciplines, thus enhancing the versatility of Electrical/Electronics Engineering.

To create awareness that will stimulate the interest of fellow students who intend to take up research topic on automatic switch of any type.

    Emphatically, the purpose of this project is to build an automatic switch system which is capable of selecting a phase with best operating voltage for delicate offices.

  SIGNIFICANCE OF STUDY

The significance of this project work cannot be overemphasized. This is because the number of lives that has being lost to the hand of interruption of power in health institutions and the like is not negligible. Delicate appliances have become the main victim of this artificial circumstance. The applicability of the outcome of this research work in several facets of human endeavour makes this work of real importance to humanity.


The use of the device produced from this research work would help to reduce human labour and hazard, going by the fact that many have been handicapped by electric shock because of the attempt they made to select another phase, and that the handicapped are helpless and cannot change phases.

   METHODOLOGY

The designing of this circuit was accomplished by a constant and detailed study of the c constituent components. This involved the study of their  characteristics in isolation, and when connected together with some other components. A rough design was always made with some theoretical backup. Those designs were implemented and tested using project boards.


The internet was visited for circuit ideas where problems were encountered and the necessary adjustments made on paper and then effected on the projects board.


Each block that works was transferred to the Vero board where it was finally soldered in position. Library materials were consulted as well.

CHAPTER TWO

A REVIEW OF AUTOMATIC PHASE SELECTOR

 The automatic phase selector is made up of all the components and circuits used to realized the trigger effect on the base of the respective transistors that drive the relay up to its normally closed (ON) mode.


Fundamentally, it consists of the power circuit and the relay switch itself. Each stage is directly connected to the other, such that the last stage gives the derived output. See fig. 2.1 below;


Fig 2.1

Block diagram showing the various stages of the automatic phase selector.

THE POWER SUPPLY UNIT

Absolutely all the electronics equipment makes use of the DC voltage from either a battery or converted from an energy source such as the Ac  power line, the solar energy panels the thermal energy converted (thermocouple) and others. This stage bought its vitality from the fact that predetermined voltage say Vs should be provided which is free from fluctuation of power supply and AC ripple as well. The power supply unit can be further categorized into the following stages.

THE TRANSFORMER

A transformer is a device consisting of two closely coupled coils (called primary and secondary). An AC voltage applied to the primary appears across the secondary, with a voltage multiplication proportional to the turns ratio of the transformer and a current multiplication inversely proportional to the turns ratio. Power is conserved.

Transformers are quite efficient (output power is very nearly equal to input power); thus a step-up transformer gives higher voltage at lower current whereas a step-down transformer gives a lower voltage at a higher currents. A transformer of turns ratio n increases the impedance by n2. there is very little currents if the secondary is unloaded.

TWO IMPORTANT OF TRANSFORMERS IN AN ELCTRONICS INSTRUMENTS

The change the AC line voltage to a useful and lower value that can be used by the circuit.

They isolate the electronic device from actual connection to the power line, because the windings of a transformer aree electrically insulated from each other. 

 THE RECTIFIER

The rectifier commonly called the converted is a circuit which employs one or more diodes to covert AC voltage into pulsating DC voltage.

This circuit is categorized into:-

Single-phase half-wave rectifier

Single-phase full-wave rectifier

Full-wave bridge circuit

Three-phase half-wave rectifier

Three-phase full-wave rectifier

Six-phase half-wave rectifier

Three-phase bridge rectifier

Voltage multiplier circuits.

A good number of electronics circuit requires the use of both positive dc source and negative dc source that are referenced at a common ground.


For the sake of this work the full wave bridge rectifier that supplies only a positive dc voltage and its reference is always referred to as the converted dc voltage.

THE FILTER

The filter circuit is meant to minimize the ripples contents of the bridge rectifier or any other rectifier. Its operation depends on the property of a capacitor to charge up during the conducting half-cycle and to discharge (deliver energy) during the non conducting half-cycle. Put differently, a capacitor opposes any change in voltage, it tends to smoothen out or filter out the voltage pulsations (or ripples). Hence the name “filter” given to power supply shunt capacitors.

THE VOLTAGE REGULATOR UNIT

A voltage regulator is required to maintain a specific output voltage over various variations of the input voltage and load. As more current is drawn, the output voltage of an unregulated supply conventionally decreases. Regulators are normally classified into shunt regulators and series regulator. The former uses a zener diode as the main regulating device, while the later employs a power transistor, some resistors and op-amp as error amplifiers, they are normally more efficient. However the zener diode is always used as a reference element in all types of voltage regulator.

 POWER CIRCUITS

The transistor is the only element used in the power circuit. It is a three terminal device. The most common type is the bipolar junction transistors. These transistors come into forms; the pnp and npn types.  The three terminals of the transistor is designated; base, emitter and collector. The transistor can operate at three states viz the cut-off, the active and the saturation states. The transistor can function as an amplifier or as a switch. Analogously, the saturated transistor is referred to as a closed switch. When a base current enough to saturate the transistor is allowed into the base, the collector-emitter path will close. This is used to energize the relay. Other passive components used in the power circuit is the diode, which is used to provide a free wheeling path for the relay current when the transistor is cut-off. The capacitor is also used here for further rejection of power supply ripples.


For the sole reason of allowing sufficient current through the relay for firm grib when on, two transistors are configured in darlington form. The Darlington configuration involves connecting two transistors so that they appear as one with a forward current gain equal to the product of the two individual forward current gains. This will make the power system responds to very little change of electric state.

 THE RELAYS

Relays switches, popularly known as relays are used for switching operations. The relays have contact point which form the normally open (NO) and the normally closed (NC) switches. It has an energizing coil through which the switching contacts can be pulled together or drawn apart to accomplish the NO and NC effects. When a current passes through the coil of the relay, the metal core becomes magnetized and attracts a strip of metal which closes the contacts that form the normally open switch. At this points the normally closed terminal opens.


Removing the energizing voltage demagnetize the metal core which then releases the metal strip to open the NO terminal and close the NC terminal again. Thus, the relay contacts can be opened or closed by simply applying or removing the energizing voltage as required.


A relay always had some rated values of voltage and current. The rated voltage specifies the amount of voltage needed to energize the coil and ensure that the contact is made at the NO terminals.


Standard relays commonly exist with rated voltages of 5v, 12v and 24v. The rated current in the other hand specifies the maximum load current allowed to pass through the contacts. It is a function of the cross-sectional area of the contacts. Relay of rated currents; 5A, 10A, 20A, 30A or higher are commercially available.

CHAPTER THREE

THE DESIGN PROPER

The design Topology – This is a block and line diagram that summarizes the actual work done. It consists of the three phase supply terminals, dc power supply block and the electromagnetic switch denoted by relay I and relay II. The diagram below illustrates the work.
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The system works as specifically illustrated in the diagram above. The dc power supply is meant to activate the electromagnetic switches depending on which of the three phases of the star connected distribution bus is live. When the three phases are dead, no ac is converted to dc for the activation of the relays. Consequently, relay I and relay II together remain in their normally-closed connected distribution bus is live. When the three phases are dead, no ac is converted to dc for the activation of the relays. Consequently, relay I and relay II together remain in their normally-closed connected distribution bus is live. When the three phases are dead, no ac is converted to dc for the activation of the relays. Consequently, relay I and relay II together remain in their normally-closed connected distribution bus is live. When the three phases are dead, no ac is converted to dc for the activation of the relays. Consequently, relay I and relay II together remain in their normally-closed connected distribution bus is live. When the three phases are dead, no ac is converted to dc for the activation of the relays. Consequently, relay I and relay II together remain in their normally-closed connected distribution bus is live. When the three phases are dead, no ac is converted to dc for the activation of the relays. Consequently, relay I and relay II together remain in their normally-closed mode, thereby connecting the blue phase through point “a” to relay I, via point “c” to the output “e”. The sequence of conduction becomes: B      a       c      e. At this juncture, the output sees the potential of the blue phase. At the instant power is restored, the three phases become live making ac voltage available at them. The ac to dc converter invariably converts the ac voltage to their equivalent dc voltages suitable for the activation of the electromagnetic switches. Hence, relays I and II toggle to their normally open form. Since relay II is connected to point “d” at this time. It isolates relay I and this the blue phase and the yellow phase from the output bus. The sequence of connection becomes: 

R       d    e. Hence, the device opts for the red phase whenever there is power in all the phases.


Supposing that out of accident the red phase  trips (cuts off). The ac voltage available for the excitation of the electromagnetic switch (relay II). Which then toggles to its normally close mode. Then relay II is connected to the point “c”. Since there is power in the yellow phase, relay I remains connected to the point “b” still isolating the blue phase. The sequence of connection becomes: Y     b     c    e. Hence the device links the yellow phase to the output.

Supposing also that there is no power in both the red phase and yellow phase, the two relay will remain unactivated with relay I and II making contact at points “a” and “c” respectively. This state makes the connection of the blue phase to the output possible. The condition sequence becomes: B   a   c   e. With this arrangement, the device automatically select the phase with power when any of the previously connected phase go dead.

THE POWER SUPPLY

The power supply is a constituent block of the device. It can be regarded as the driving block since the operation of every other block absolutely lie on its output. It is made up of some sub blocks which includes: the step down (electromagnetic reduction of the input ac source) block, the rectifier (ac to dc converter) block, and the smoothening block.

THE STEP DOWN BLOCK

This is made up of a step down transformer. The transformer parameter is selected to be capable of meeting the load current sees a major load of the relay excitation coil, they should be capable of supplying up to the corking voltage of the relay as well as the relay current. A 220v: 18v, 500MA transformer satisfies these requirements. Because of the unavailability of a transformer of these parameters a 220v: 9v, centre tapped transformer is used instead, but its full span secondary voltage is used given a score of 18v at the secondary side of its winding.

THE RECTIFIER BLOCK

The rectifier block is made up of four IN4001 diode connected in the bridge form. The operation of the bridge rectifier is simple to understand by visualizing the operation of the rectifier for the two half- cycles of the as wave form separately.

They key is that, as illustrated inn the figures below, diodes D1 and D3 conduct during the positive half-cycle, while diodes D2 and D4 conduct during the negative half-cycle; because of the structure of the bridge, the flow of current through the load is in the same direction (from relay) during both halves of the cycle; hence the full-wave rectification of the wave form. The figures below illustrates the bridge rectification and its working components at the respective halves of the wave form.
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Fig (c)

The bridge rectifier operation in the negative half.

THE SMOOOTHENING BLOCK

Although the conventional and bridge full-wave rectifier circuits effectively converts the ac signals that have zero average, or dc value to a signal with a non zero average voltage, either rectifier output is still an oscillating wave form. Rather than provide a smooth, constant voltage, the full-wave rectifier generates a sequence of sinusoidal pulses at a frequency double that of original ac signal.

The ripple that is, the fluctuation about the mean voltage that is characteristic of these rectifier circuits – is undesirable since one desires a true dc supply. A simple yet effective means of eliminating most of the ripples (ACC components) associated with the output of the ripple that preserves the dc component of the load voltage. A cow-pass filter that preserves the dc component of the rectified voltage while filtering out components at frequencies at or above choice to remove the ripple component from the rectified voltage. Actually, the series resistor is unnecessary and is there fore omitted. The series resistor is neglected because the diodes prevent the flow of current back out of the capacitors, which are really serving more as energy storage devices than as part of a classic low-pass filter. The energy stored in the capacitor is U = ½CV2. In this case of rectifier circuit, the signal wave form to be rectified is 50Hz, 220v rms voltage.

The ripple frequency is therefore, Fripple = 100Hz.

The capacitor value is chosen so that:

Rload C >> 1/f where f is the ripple frequency here 100Hz. The relationship above is equivocal to ensuring small ripple through making the time constant for discharge much longer than the time between recharge. The diagram given below shows the original rectifier output and the out of ripple filter.


Fig (a) The output of the rectifier circuit.






Fig (b) The filtered output of the smoothening capacitor.

THE REGULATOR

Regulation of the smoothened dc voltage here is very important since the relay excitation coil, fir the matter of convenience should not be operated beyond its rated parameter for its longevity. On the other hand, the relay should not be under excited with a voltage below its rated value since a firm grip at its aperture is vital when it is on. Here, the dc regulation method used is basically, zener diode, open loop, parallel regulation. This makes use of the primitive zener diode resistance regulator which is then interconnected

to a transistor wired in its emitter follower configuration. Nevertheless, for the fact that the load in question has much affinity for high dc current, a darlington configuration is used instead of a single transistor. The PNP small signal, PE8550 is used along side with the PNP power, 2N2955 which then sinks the load current. The diagram below shows this arrangement.
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From the diagram, a salient question might be why the current sink? 

The current sink is incorporated into the circuit basically for two obvious reasons;

Since the load is not meant to see any voltage less than rated 12v, it creates an avenue that made the regulator block compatible with a current sink that starts sinking only when the load voltage is up to the rated value so as to ensue firm grip of the relay aperture when the relay is excited. Consequently ringing of the aperture and the fellow up sparks of the ac, 50Hz, 220v rms due to the ac load supplied by the automatic phase selector is minimized.

Since the conventional  change in the final output of any zener regulator is given by:  ∆Vout = Rdyn/R + Rdyn ∆ vin

Also since Rdyn is very negligible, the current sink helps provide R of infinite value. Hence it can be deduced that the quality of the regulator is improved when it is connected to either a current source or a current sink.

THE CURRENT SINK

This section provides the sinking action which offers the regulator normal working state. It starts sinking current only when the available dc voltage is capable of operating the load. The circuit shown below helps to illustrate how this works. At a low voltage, the 13v zener diode remains unbroken and the base of the PE8050 receives no currents.
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An equivalent collector current remains at zero value thereby affecting no drop across the 10k collector resistance. The point a remains at VCC potential. Also the load that is connected to the regulator block sees no driving potential since the darlington transistor sees no bias across it base emitter junction.

At a sufficient high voltage, the 13v zener diose breaks down, permitting a sufficient base current to drag the PE8050 into saturation; hence making the point a

 to sink current. Concurrently, the regulator block works so that the load sees its rated voltage.

THE LOAD

The dc load in question is not just a resistive load; instead, it can be seen as a resistance in series with an inductance. Because of the inductive nature of the relay excitation coils, they have the property  V = Ldt/dt. Therefore, it is not possible to turn off the current suddenly since that would imply an infinite voltage across the coil terminal because the voltage across the coil suddenly rise and keeps rising until it forces current to flow. The electronic device (transistor) controlling the coil can be easily damaged in order to satisfy the coil craving for a continuous current. This is so because the internode between the collector and the collector resistance becomes positive relative to VCC in a case like this, its value goes beyond the break-down voltage of the transistor which then blows over. This phenomenon not only ends the life of the transistor but also generates impulsive interference that may affect other circuits nearby.

The best solution was that a diode was put across the coil. When the coil is activated, the diode is reverse biased from the dc drop across the coil. At turn-off, the diode goes into conduction putting the collector voltage a diode drop above the positive supply voltage. The diode must be capable of handling the initial diode current, which equals the steady current that had been flowing through the coil. The IN4001 is suitable for this purpose. The only disadvantage of this protection is that it lengthens the decay of current through the inductor, since the decay of current through the inductor current is proportional to the voltage across it. For applications where current must decat quickly, it may be better to put a resistor across the inductor, choosing its value so that Vsupply + IR is less than the transistor collector – emmitter break down voltage. For fastest decay with a given maximum voltage, a zener could be used instead, given a ramp-down of current rather than an exponential decay. In the present case, a 470uf capacitor was also put across the load to enhance a further rejection lf ripples. The diagram below reflects the full configuration of the load.

                                             VCC
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THE ARPATURE OF THE RELAY 

(Electro magnetic contactor)

This forms the path through which the main ac that is monitored by the automatic phase selector is coupled. It has two states (mode) off operation. The normally open mode is capable of conducting 30 Amper AC current at 240v AC, where as the normally closed mode is capable of conducting 20A AC current at 240A Ac voltage rms without meeting the insulation that holds conductors in place.

CHAPTER FOUR

DESIGN ANALYSIS

THE ANALYSIS OF THE TRANSFORMER

In this project an 18Vac was used to step-down the 220Vac to 18Vac.

THE DESIGN CALCULATION

The transform input voltage – 2220 Vac

The transformer output voltage -  18Vac

The transformer primary current – 200MA = 0.2 A.

The transformer secondary current - ? unknown from the expression below,

Vp/Vs = Is/Ip
Where VP = 220V

Vs = 18V 

Ip = 0.2A

Is = ?

Therefore Is = Vp x Ip/ Vs

= 220 x 0.2/18 = Is = 2.44A.

                      IP
IS
                                                                                                         VS
     VP
From this analysis, the automatic phase selector circuit is designed to allow a maximum amperage of 2.44A. Any case lf current training that excess this magnitude at the secondary winding is reflected instantly to the secondary winding which as a matter of thinness is at a greater risk of burning.

THE RECTIFIER CIRCUIT

This project adopts a bridge rectifier because of its ability to produce a different reference voltage from the ac reference voltage. In other words it isolates the ac circuit completely from the dc circuit. The bridge rectifier is also less liable to much ripples which is the quantity that judges the genuine of the dc produced. The maximum instantaneous voltage between the terminals of the rectifier circuit is:

Umax = Vrms x 2

Vmax = 18 x 2 == 25.46V

This is the magnitude of the summit lf the ac voltage wave form usually called the peak to peak voltage, which the desired circuit voltage is expected to swing. For this case it is from -25.46V to 25.46V.

DESIGN CALCULATION

Vdc = 2Vmax    (for a 2 – pulse, full wave, bridge ac to dc converter).

              (
Vdc = o.636Vmax.

It should be noted that the peak inverse voltage (PIV) of the rectifying elements (diode) should be greater than the maximum voltage, Vmax. Since Vmax is already calculated to be 25.46V, a safety factor is allowed for the calculation of (PIV).

Let the safety factor = 1.2

Hence (PIV) = 1.2 x 25.46 ≈ 30.55V

This value of PIV monitors the selection of the 4 diodes with whivh to form a bridge rectifier. In this case, the diodes to be selected must be capable of withstanding a potential stress equal to the pwak inverse voltage lf 35V at reverse bias. The IN4001 is suitable for this applicarion as indicated in the fair child table of data lf diode rectifiers below.

	Item
	Device No
	VR 

Vmin
	IR@ VR
UAmax
	Vmax
	Vf@If
	Vmax
	Vfm@IO

	1
	IN4001
	50
	10
	1.1
	@1.0
	1.6
	@1.0

	2
	IN4002
	100
	10
	1.1
	@1.0
	1.6
	@1.0

	3
	IN4003
	200
	10
	1.1
	@1.0
	1.6
	@1.0

	4
	IN4004
	400
	10
	1.1
	@1.0
	1.6
	@1.0


Any of the four types of rectifier can work well but the IN4001is much lower than others and operates within the proximity of our design specification.

THE FILTER CIRCUIT

The main function of the filter is to minimize the ripple content of the bridge rectifier output. This is necessary because the absence of a filter will eventually result in distortion of signals hence the circuit may nit work properly as there may occur a vibration of the relays when they are already switched on.

DESIGN CALCULATION

The ripple voltage can be approximated by the triangular wave form depicted below; which has a peak to peak of Vr (p-p) and a period Tr.



   Vr(P.P)

         Vt


Tr

Considering the charge lost during the discharge of the shunt capacitor as dq in a time T and is given as: 

Dq = Idc x Tr---------------------(1)

Thus Vr (p-p) = dq/c = Idc x Tr/c -------------(2)

Where dq = Idc x Tr

But Idc = Vdc/Rl

Where Rl is the worst case load resistance, ie the maximum circuit resistance. Hence equ(3) becomes; dq = vdc/Rl x Tr

Where Tr is the ripple delay, Tr = 1/Tr

Where Fr is the ripple frequency.

Hence dq = Vdc/Rl x 1/Fr

From the equ Idc = Vdc/Rl, we define the expression as dc/c = Vdc/Rl x 1/Fr = Vdc/RlFrc

Since rms voltage 

Vrms = Vr(p-p)/2 3  = Vdc/2  3 fr CRl

Taking the ratio lf Vrms to Vdc as r, which is a constant.

Therefore, Vrms/Vdc =r= ½  3 x Rlx2fxc

For the worst case resistance of the circuit, Rl = 100   and assuming a maximum ref 0.6% 

Recalling that Vrms = 15v, Vmax = 25.46V

Also noting that Vmax = IdcRl, therefore Rl = Vmax/Idc.

Hence

R = 1
      200  3  x Rl x C -----------------------(R)

substituting Vmax/Idc for Rl, in equation (R) above

becomes;

r =   1            =                                                     Idc                       ----(p)

       200  3  x C x (Vmax/Idc)                             200   3   x  Vmax x c

We know that Vdc = 0.636 Vmax
                              = 0.636 x 25.46

                              = 16.2v

Idc = Vdc           =      16.2V              = 0.162A

           Rl                      100     

Equation (p) becomes

0.6%  = 0.162

              200  3  x c x 25.46

=  0.162

                200 3  x c x 25.46

C = 0.162

        0.006 x 200  3  x 25.46

 = 3.06 x10-3 or 3060 x 10-6 F

The commercially available 330µf takes care of this calculated value. Therefore we used 3300uf, 25v capacitor in designing the power supply filter. 

THE DC VOLTAGE REGULATION

The method of DC voltage regulation used in this application is the transistors series voltage regulation. This is also known as the emitter follower regulator because the voltage at the emitter follows the base.

THE DESIGN CALCULATION

For the simple zener diode as shown below implies that;

Vin -Vout >   Iout -----(1)

      R

Pzener = (Vin – Vout  - Iout)2   Vzener---------------------(2)

                            R

Presistor = (Vin – Vout)2 --------------------------------------(3)

                            R

Vin
Vout
It follows from equations 2 and 3 that the value of R must be as large as possible as to alleviate the much heat dissipation on both the zener diode and the series resistor as well.


However the relationship in equ (1) poses a ceiling allow for sufficient Iout.

With the transistor series regulation, the value Iout/B. when a darlington arrangement is used, it becomes Iout/B1B2.


This is equivocal to giving an allowance for the reduction of Pzener and Presistor by a factor of B1B2 since zener the value of R can be increased by that same factor. Note that B1 & B2 stands for the forward current gain of the respective transistors. In the present application the transistors used are the small signal PNP power transistor with number PE 8550 and the PNP power transistor with number 2n2955. The table of data below presents their characteristics.

Table 4.2

	Item
	Device No
	VCEO

Vmin
	IC

Amax
	hfE                      @ IC
min-max        A
	VCE     @IC

Max      A
	IC=25%

W
	FT
MHZ

min

	1
	2N2955
	60
	15
	20-70
	@4.0
	1.1
	4.0
	117.0
	0.8

	2
	PE8550
	25
	1.0
	65-200
	@0.1
	0.5
	1.0
	4.7
	100

	3
	PE8085
	25
	1.0
	65-200
	@0.1
	0.5
	1.0
	4.7
	100


Let B1 = B8550min = 65, B2 = B2955min = 20

Since Iout =      Vout             and RL = 100п

                      RLB1B2 

It follows that Iout =     Vout
                                   100B1B2
The diagram below shows the circuit arrangement used.



VZ
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                       R

                    Sink

Since the load is a relay of dc excitation voltage of 12v, the system is meant to leave for the load a constant voltage which value is approximately 12v.

Taking the Kerchief’s  loop voltage approach around the emitter loop of the darlington show:  

Vz = Vl + 0.7 + 0.7

        =n 12 + 1.4

Vz = 13.40

(There is 0.70 emitted base voltage for each of the transistors)

because of the commercial unavailability of a 13.4v zener diode, a further two-diode compensation justifies the usage of a 15v zener diode.

The circuit arrangement is illustrated below


RLoad
   15V

  IZ
              Ib
    R

Sink

IR
Since Ib = Vout
                  100B1B2
Ib  =     12                            =     0.0000857A

           100x70x20

=   0.0857MA or 85.7µA

The zener diode used is the IN965B and its data presented in the table below aids in the choice of the value of R.

Table 4.3

	Item
	Device No
	Vz @Iz
	IoLx 
+ Vz%
	It @ test MA
	ZZ @ VR µA max
	IR @ VR 

µA max
	VR

Test

V
	T.C

%ICo
	PP 

T9 25oC

W



	1
	IN96513B
	15
	5
	@ 8.5
	16
	0.1
	11.4
	+0.082
	0.4

	2
	IN5244B
	14
	5
	@ 9.0
	15
	0.1
	10.4
	+0.082
	0.5


Since the input voltage is not likely going to exceed 20Vcd

IR = 20-5         =    5
           R                 R

IR = Tb+Iz  =   5

                         R

        R =    5

                Ib+Iz

i.  for Iz = 8.5MA, R =            5                           = 588.24п

                                      (0.0857+8.5)x103
ii. for Iz = IR = 0.1MA, R =           5                         = 58.34Kп

                                              (85.7x0.1)x10-6
The value of R can be chosen between 538.24Kп  to 58.34K  for IR of 8.5857MA to 86.7µA respectively. As a matter of convenience R is chosen to be 10Kп

hence Pzener  = (Vin – Vout   - Ib)Vzener

                                    R

                       = (20 -15   - 85.7)x10-6)15

                             10x103
  = (0.0005-0.0000857)15

                       = 0.0004143 x 15 = 0.0062145w<<0.4w

reflected on the table. Therefore the zener diode would not heat up.

2.4 THE VOLTAGE PROGRAMMABLE


VOLTAGE SINK

This section of the design work is made so as to make it possible for the relay coil be excited to only when the voltage across it is up its rated voltage.

The diagram below illustrates the arrangements

                                                        VCC

RC

1.5K
Va

Ib
Since the load in section above has an equivalent of four diode drops in series, it receives it rated voltage only when the supply voltage is 2.8 above 12v. Therefore the voltage programmable sink is made to switch on when the supply voltage is up to 15V.

CALCULATIONS

Taking the Kirchoff’s voltage around the base loop and assuming a base resistance of 1.5K implies;

Ib = Vcc-Vz-0.7 -----------------------------(1)

          1500

Also the collected current, Ic = Bib = B(Vcc-Vz-0.7)-------------------(ii)

                                                                    1500

Since Va = Vcc-IcRc

          Va = Vce-B(Vcc-Vz-0.7)Rc

                                     1500

From table 4.2, Bmm of the NPN, small signal transistor 8050 = 65

Va = Vcc-65(Vcc-Vz-0.7)Rc
                          1500

Since Va = Vcc-65(Vcc-V-0.7)Rz ≈0  for  the load to receive excitation

                                   1500

                Vcc = 65(Vcc-Vz-0.7)Rc
                                     1500

Taking the minimum perceptible power supply voltage, Vcc to be 15V

15 = 65(15-0.7-Vz)Rc

                 1500

Assuming a collector resistance Rc to be 10k

                15 = 65(14.3-Vz)10x103
                                1.5x103
              22.5 = 650914.3-Vz)

           0.035 = 14.3Vz

           Vz = 14.3-0.035 ≈ 14.3

The commercially available 14v zener diode (IN52448) was used. The data is reflected on table 4.3 above.


The complete circuit diagram for one of the two switching arms of the automatic phase selector is given below.

220:18V


14V
15V      relay coil
                                                                                      10K   470µF

220Vac

 3300µf  10K


IN955


PE8550


PE 8050


IN4001


Circuit diagram for switching arms of the automatic phase selector.

CHAPTER FIVE

DISCUSSION OF RESULT

The implemented circuit is a close reflection of the objective of this work. It simulates an automatic switch with an intrinsic ability of searching for a suitable live wire to hook on to whenever any of the previously supply phase among the three goes dead. The additional feature supported by the voltage programmable current sink internally incorporated into the circuit to skip some very low voltage as it seeks a suitable phase.


To sum up, the result was in accordance to the expectation when the circuit was tested. The design calculations made assured that the internal components of the circuit can work round the clock as it is meant to, without any one getting  over heated and  burning out. Therefore the longevity of the device as well as the reliability is assured to the user.

CONCLUSION

This project has illustrated how to design and construct an automatic phase selector. There may be many other ways of achieving a very straight forward way of obtaining the desired result using classical design techniques. The beauty of the work lies in the fact that it can be used round the clock and it can neglect a phase with very low voltage.


The construction of this automatic phase selector was interesting, stimulating and challenging but only in its efficient performance can any real level of success be measured.

RECOMMENDATIONS

Since there is need for load balancing in a three phase distribution line, a universal usage of this type of phase selector may imply over loading a particular phase which phase voltage is up to the normal required value. Since similar devices will switch on simultaneously to one phase, it should only be advisable to use the device in an exclusive case of power consumption.

Any part of domestic installation using the automatic phase selection output should be isolated from any other wiring system from the service mains since failure to do so may imply a risk of short circuiting two phases.

The automatic phase selector should not be used in applications that draw more than 20A alternating current, noting that the maximum rating of the automatic switches is 20A
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