DESIGN AND CONSTRUCTION OF A SINGLE PHASE AUTOMATIC CHANGE OVER SWITCH WITH PHASE SELECTOR
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CHAPTER ONE

1.1
INTRODUCTION

Change over switch is a device used to switch off a power supply and subsequently switch on another power source. Basically it is aimed at switching on a more convenient power supply to the load. Since it switches on power to the load precaution has to be taken while choosing the type of change over switch. Also size, arcing control are put into consideration in the choice.


A good switch should be the one whose contact is made in such a way as to limit the arc formation by having no contact-bounce and by having contacts made of good conductive, corrosion resistance and wear resistance materials.


A good change over switch must have adequate insulation and must be so constructed and located as not to constitute a potential hazard.


A good change over switch should also have tight contacts so as to limit or eliminate the possibility of partial contacts at the contact point. The partial contact lead to overheating of the components and may lead to fire outbreak.

1.2
Aims and Objectives

Due to inconsistent supply of power, there is a growing need for an alternative source of power supply. This has led to heavy capital investment in a bid to curb power failure and ensure regular power supply for our industries, hospitals and homes. The problem of power failure can be checkmated with the use of standby generating set.

An Engineering author Tony Rudk Inn said in his book titled "Upgraded signal source with improved performance and reliability" that the cost and depreciation associated with breakdown vary from one application to the other, and in some cases, the user has little choice but to ensure that a stand-by unit is available to take over on event of failure of primary system.


If some of these big firms do not make provisions for stand-by power source, frustration could set in which may lead to the closure of business and thus throwing workers into unemployment. Also in the case of hospitals undergoing a surgical operation and the power supply suddenly goes off, the patient might loose his life due to power outage.


Furthermore, if the President of the country is making a nation wide broadcast and all of a sudden there is power failure in the transmitting station, it would be viewed as an attempt to sabotage the government ruling and some people must go for it.


Sequel to the rate at which more sophisticated electrical/electronics gadgets are being procured an installed in our homes, hospital and business premises, there is a justifiable need for a faster and more reliable change over system in an event of power outage.


In view of these considerations, this project is aimed at designing and constructing a workable automatic change-over switch with phase selector circuit which switches on the load from National Electric Power Authority (NEPA) to a generator when power comes back. Also when there is a phase failure in any of the NEPA phase carrying the load, the change-over switch will be changed to alternative phase.

1.3
SCOPE AND LIMITATION OF THE STUDY

The automatic change over switch is aimed to achieve the following automatic actions.

To start the generator

To change power to generator


To change back to NEPA

To change the generator

To change to alternative phase in case of phase failure.

The automatic change over unit can be operated in single or three phase-system. The automatic change over switch has the following advantages.

i.
It minimizes damage to lives/equipment since it has its own monitoring system and its switching requires no human contact with the switch, thus eliminating human error.

ii.
It reduces its change-over timing to the minimum due to its fast response to power outage.

iii.
It maintains high quality of service through its fast and prompt response

iv.
It avoids and reduces fuel consumption since the generator is switch off immediately NEPA supply is restored.

Moreover the size and capacity of the Unit will depend upon the load for which it will be used. The Unit is also portable, easy, convenient and safe to install.

CHAPTER TWO

2.0
LITERATURE REVIEW

2.1
System operation of the Automatic Power Change Over Operation

For a three or single phase automatic change over unit, this is a device which automatically changes from NEPA supply to the standby generator supply so that the supplied load will have an uninterrupted power supply. Thus the system is just a link between NEPA and generator, then to the load supplied.


From NEPA supply comes in a three phase supply known to the panel. Also the stand by generator supplies a single phase down to panel box. So when power fails from the NEPA side, this system simply link the load to the generator and when NEPA supply comes back, the link returns from the generator to NEPA. The major factors of this change over system are NEPA supply, generator supply and the load.

2.2
The Stand by Power Unit

The stand by generating set is commonly used to supply emergency power to most of the power consumers in the third world countries. While selecting generating sets we must put engine type and fuel into consideration.


The type of fuel to e used in the driving of a generator is an important aspect in the installation of the system. Fuels which may be used include the following low pressure gas, natural gas, diesel or availability and consumption rate has to be considered.

Secondly, the operation of engine (cooling oil or air)

Smaller generator units are provided with either air or liquid cooling system. Most units having a capacity greater than 25KVA generally use water cooling. For air or water cooled units a its is recommended that the heated exhaust to the outside through an exhaust pipe. In addition a provision should be made to bring in fresh air so that room where the generator is installed can be kept from becoming excessively hot, which might damage the engine. Also, for bigger generator the oil has to do with the type of oil being fed into the set, the smother to oil the longer the generating set would last because it will lubricate and inject itself into all parts of the engine to minimize friction.


Finally, it is important to determine the correct rating of the mechanical engine to drive a given generator so that it has the minimum capacity necessary to supply the selected load.

2.3
Requirement for a Generator to be used on an Automatic change over switch.

The Automatic change over switch can be used in any place where alternative power is needed. In most cases, standby generators are often used as an alternative power supply. Thus, it is a necessity that the expectations from a standby generating set if it must be used with Automatic change over switch should be known.

The generator must have an electrical ‘start’ and ‘stop’ facilities, i.e. it must not be start or stop manually.

Its kick start must always be in good condition to enable the generator set start promptly.

The generator battery must always be fully charged to enable quick start.

The inter-connecting cables must be in good electrical order.

 

 

 

CHAPTER THREE

3.0
COMPONENTS AND DESCRIPTION
Electrical/electronics designs are done by the use of electrical/electronics circuit components. These devices have different specifications and thus great care is taken in the choice.

3.1
CONTACTOR

Contactors are devices designed for repeatedly establishing and interrupting an electric power circuit. Contactors are usually of different types. There are some that are manually operated, electrically operated and some operated by a cylinder. They also have different sizes.

There are factors considered when designing a contact to be used on contactor, they are materials, the pressure between contacts, the radiating surfaces, the mass of contact and the contact surface. The contact material is usually made of hand-drawn copper or silver. These are the parameter used on selecting the materials. Annealing temperature, hardness resistively and chemical activities. Copper contacts will withstand more abuse and heavy arcing than silver, but when subjected to high temperature, the surface oxidize and the resistance at the contact increase. Silver contacts are very good for current carrying capacity but there is danger while welding them together. Copper surface should be free from oxide film and the contact surfaces should also be clean. The blackening of silver contacts is due to the formation of silver sulphide, but it does not increase the contact resistance. 

The contact design may either be bulte, siding or rolling. Silver contacts are usually of the butle type to avoid excessive mechanical wear, which would result if a sloping type were used. Other important factor to be considered in the construction of good contact include the design of the arc, the size, type of arcing horn, other arc-rupturing device.

3.1.2
Contact Mode of Operation

When current flows in the exciting coil the magnetic field set up on the core tends to attract the moveable armature towards the face of the field part by a force of attraction F.

     The external force due to the restraining action of the spring K FK acting in opposite direction tends to separate the armature from the fixed part. These operating force produce a net force F which pulls the armature towards the force of fixed core. If the effect of saturation is neglected, the total actuating force may be given as F = F – FK

Where F - magnetic force of attraction

FK - restrain spring forces

A - Armature.


The net force (A) attracts the armature A, which is coupled to metal contacts. As the armature moves, the contacts close up with the top and lower terminals making the contactor to operate. Once the power supply to the coil is off, the coil losses its electromagnetic attraction (F reduces to zero) and they spring force (FK) returns the armature back to its open position.

2.1.3
The Change Over Contactor

The compact equipment is designed in such a way that it can carry two separate loads at the same time, i.e it can transfer load either to generator or NEPA supply.

This device consists of a single a.c operated coil capable of attracting the moveable armature which is in co-operated with three plungers or contacts.


The contacts are made of copper bars capable of carrying the load current with minimum loss due to low resistance of the bars. It is mounted in a plastic insulating material, the contacts are separated with a force lain material.

3.2
Circuit Breaker

The function of a circuit breaker is to effect or cause the prompt removal from service of any element of a power system when it start to operate in any abnormal manner that might cause damage or which may interfere with the effective operation of the rest of the system.


Circuit breaker response to one or more electrical quantities to close or open contacts. There are fundamentally different operating principle.

Generally, arc is a conducting path formed between the contacts when a breaker opens or breaks. In other words, when the contacts open, heavy current passes through the gaps until the next current zero occurs, causing a small voltage drop (arc voltage) since the current is high, then the resistance should be very small. If this resistance is increasing (by increasing the gap), power losses 12R losses, increase too. This heat energy is sufficient to ionize the air or vapour acts as a conductor and remains uninterrupted across the low resistance arc produced. The Pd between the contacts is quite small and is just sufficient to maintain the arc.

Important terms in circuit breaker.

Restriking voltage

During the arcing period, the voltage across the contact is relatively low with high current arc of short length. At current zero the voltage rises rapidly to the peak value since the short circuit current is almost 90o lapping. This increased voltage is the restriking voltage and will probably restrike the arc so that it persists for another half-cycle. 

Recovering voltage

After the complete interruption of the breaker and arce, a normal voltage with normal frequency will appear across the contacts. The voltage is the recovering voltage. Therefore, recovery voltage is the voltage which are between the terminals of a pole of a circuit breaker following the breaking of the current. 

Current Chopping

A times circuit breakers will extinguish the arc before the natural current zero. This is termed current chopping. It usually occurs when the breaker is breaking against a fault current below its rated current. The occurrence given rise to a high volatage of high frequency one to inductance and capacitance of the circuit.

Rupturing or braking capacity

This is the product of rated breaking current in KA, rate voltage in KV and a factor which depends upon the number of phases (one for single phase and for three phase). It is usually expressed in terms of KVA. 

Making Capacity

The making capacity of the breaker depends upon its ability to withstand the effects of electromagnetic force (F) which are proportional to the square of the peak value of the making current IP.

Definition of operation and features

Mechanical movement of the operating mechanism is imparted to a contact structure to close or to open contacts. When we say that a circuit breaker OPERATES, we mean that it either close or opens its contact which ever is the required action under the circumstance. Most circuit breakers have a control spring so that they assume a given position when completely energized or de-energized as the case may be.

There are certain features and capabilities that apply generally to all type of relays these includes:

Coil rating, all CB carries current and voltage coil rating as to guide to their proper applications.

Contact rating, circuit breaker contact are rated on their ability to close and to operate inductive or non-inductive circuit at specified magnitudes of circuit current and a.c or d.c circuit voltages.

Time delay of circuit breakers


Some circuit breakers have adjustable time delay and others are instantaneous or high speed. The term ‘instantaneous’ means having no intentional time delay and is applied to circuit breaker that operates in a minimum time of approximately 0.1 seconds.


The time delay CB is a C.B which functions between the instant that the C.B is energized and the time when the relay contacts open or close. The time delay is achieved by the time it takes the heating element when switched on to expand the bimetallic strip to close the relay contact.

 

 

 

 

CHAPTER FOUR

CIRCUIT DIAGRAM AND OPERATION

This project (Automatic change over switch with phase selector) can be divided into three sub units namely:

The phase selector unit

The generator unit

The NEPA unit

4.1.1 The NEPA SUPPLY unit


This unit provides the three phase supply from the Power Authority to the load. This power source is convenient and less economical.

All electrical energy supplied to power devices and appliances within the residence is passed through the electrical service entrance equipment where it is metered, protected and distributed through branch circuit throughout the building. 

4.1.2
The Phase Selector Unit

The three phase from the NEPA supply is fed into it. The phase selector then selects one phase i.e gives out one phase as the output. This is to ensure that even if one or two phases fails or goes out, the phase selector will give out an output. 

4.1.3
 The Generator Unit

This is the alternative power source when the main power source fails. The type of generator used depends on the capacity of the load.

4.2
CIRCUIT OPERATION

When we want to construct an automatic power change over unit, we must consider the capacity of the load in KVA. The NEPA supply is usually 3 phase 4 wires 50Hz, 415V line to line or 230V phase to neutral fed through the main controls fuse.

4.2.2
SEQUENCE OF OPERATION

From the diagram fig. 4.1 in chapter four, power is fed into the system; power enters the phase selector unit. The Red phase is the primary phase, followed by yellow and blue phases respectively. When supply enters the phase selector and there is power in all the three phases. Contactors, will be energized, hereby passing only red phase to the main contactor, the other phases are disengaged. When there is power in yellow and blue phase or only in the in the yellow phase, contactor S2 is energized when there is supply only on the blue phase. When there is general power failure, the main contactors (Mc) will de-energized automatically. The contacts C1, C2 and C3 opens and the load is cutoff from the NEPA supply while the contacts C4 and C5 will be closed thereby bringing in the Generators supply to the load.


When the NEPA supply comes back, it energizes the main contactor Mc thereby cutting out the contacts C4 and C5, cutting out the generator from the load, thereby bringing in the NEPA to the load. The indicator lamp L1 comes on when the NEPA supply is available and lamp L2 comes on when the generator supply is connected to the load.

4.3
Testing and Result

Since this is a prototype feature of an Automatic change over unit and because it has a load capacity of about 2.5KVA. it will be very difficult to find a generator of 2.5KVA that has a kick starter and use D.C battery. For this system to be fully operational we now talk about very high load capacity in KVA so that generators with kick starters and solenoid can be used to operate the system.

4.4
The Packaging

The casing is made of rectangular sheet of iron well designed with height length and width. the iron sheet was used both for the internal mounting of the components, because if wood were used, it might result to fire out break during the period the components may generate out its heat, from the diagram below, the front of the casing is made up of four bored holes for the indicator lamps. Below is the gang switch for the NEPA supply while the side is made of four bored holes two is for i/p supply for generator and NEPA while the other two is for load.

CHAPTER FIVE

5.0
 OBSERVATIONS SUMMARY AND CONCLUSION

5.1
OBSERVATIONS

As earlier mentioned in the previous chapter that due to the prototype nature of our project, we had to provide certain things to really show the workability change over unit fig 4.1 (a) shows a complete circuit diagram of the change over unit.

5.2
#9; Summary

Also due to unavailability of funds, we were not anble to produce an automatic mains failure that can be operated with a kick starting hgenerator. This entails acquiring a contactor with a very high amperage. This actually is very expensive.

5.3
Suggestions
Therefore, funds should be made available for the commercial production of this unit. It will surely find a very high demand in our market as most people will prefer it to the conventional manually opoerated change over switch.

5.4
Conclusion
The Automatic change over unit as democnstrated shows that the designed circuit in fig. 4.1 (a) actually works and also prove that the system can be designed and built right here in Nigeria.

 

 

 

 

 

 

REFERENCES

RALPH J. SMITH
Circuit devices and System




3rd Edition 1980 Macmillian.

B.L THERAJA 
Electrical Technology, Revised Edition 2000

And A.K THERAJA 
Nirja Construct and Development Cmpany publishers limited.

TONY RUDKIN 
Upgraded Signal Sources with Improved Perormance and Reliability, IEE Electronic and Power 1990. 

PAGE  
8

