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CHAPTER ONE

GENERAL INTRODUCTION

1.1
INTRODUCTION
The tripping unit power supply as power regulator which is essentially a battery charger that is used for charging bank of battery used in distribution substations. 

The battery charger (in this case, the tripping unit power supply) changes the a.c. into d.c suitable for charging (using silicon controlled rectifier (SCR)). However d.c. generator and alternator are also used as charging source for secondary batteries. 

In general the whole project consists of the following elements. 

1. A step down transformer for reducing the high a.c. main voltage to a low a.c. voltage. The step-down transformer produces two sets of voltages. One for supplying the battery which supply an uncontrolled voltages of 170v, the other is a centre tap transformer which supplies part of  the automatic control unit. 

2. A zero crossing detector Section which sense the zero crossing of the supply in order to obtain the appropriate firing angle of the sets. 

3. The PIC16F877 which uses the feedback from the battery terminals and output from the zero crossing detector circuit which generate pulse only at the zero crossing point, to calculate the firing angle. 

4. The firing circuit section which acts on the signal from the PIC16F877 to fire the gates of the SCRs appropriately. 

5. It also consists of a charger – current limiting element for preventing the flow of excessive charging – current to the battery under charge. 

6. a device for preventing the reversal of current i.e. discharging of the battery through the charging source when source voltage happen to fall below battery voltages or during power failure. 

The whole project is essentially meant for design and construction of 110Vdc battery charger (automatic and digital based using  PIC for the control unit). it charges a bank of batteries for power tripping unit. 

It contains all the element described above, but the average output voltage is automatically controlled by monitoring the terminal battery voltage through a feedback closed loop system, and then firing the SCR at appropriate time to supply on average output voltage to the battery, putting it either on normal, floating or fast charging, with regards to the terminal voltage of the battery. 

1.2
SIGNIFICANCE

The automatic voltage charger will be designed to be fully digitized to meet the ever growing technological advancement. The digital technique used in the control unit provides more accuracy and reliability than it’s analyzed counterpart when comprehensively designed.

1.3
MOTIVATION 

Automatic voltage rectifier (tripping unit power supply). used in both distribution and transmission substation is very expensive to purchase, as it is mostly imported directly from the manufactures. 

As a result, we were challenged to design and construct a prototype of this charger, which can be critically analyzed and advanced version with minimum international standard be massively produced, in an attempt to subsidize the price for the government, and create job opportunity for Nigerians, so as to reduce the high rate of unemployment. 

1.4
AIMS AND OBJECTIVES

The aim of the whole project is to design and construct a digital based automatic battery charger for the power tripping unit of any  transmission substation. This is a prototype for producing efficient and reliable product for the nation’s benefit. 

In general the objectives of the whole project is 

1.  To design a transformer that will supply 170v for  the main charger and 

15v centre tapped for zero – crossing detection.                                                        

2. To design a system that will receive the analog voltage from the terminal voltage of the battery being charged and feed it into the analogue input pins of the PIC (programmable interface controller). 

3. To operate a firing circuit by the microcontroller based on the result of the calculations performed in the analogue input to the PIC, to generate desired delay for SCR triggering. The actual triggering is done by the blocking oscillator. 

4. To design a zero crossing detector circuit which will monitor the zero crossing of the supply voltage and hence initiate the above actions.  

1.5
DESIGN METHODOLGY
The procedure for achieving this project includes designing a transformer that steps down 220v for main power supply and 15v centre tapped for zero – crossing detector circuit. This is followed by selection of s.c.r module and then a capacitor for ripple flilteration in order to avoid intermittent supply to the bank of batteries while it is connected to the tripping unit. The final stage was for design of the feedback subsystem and this consists of operational amplifier and resistors which gives voltage proportional to the battery terminal voltage and then given to the pic to decide the firing point of the s.c.r on each half cycle of the supply voltage.

1.6
PROJECT LAYOUT

The thesis is divided into five chapters with general introduction as chapter one. Chapter two gives literature review on which the design is based upon. The design and analysis of transformer and feedback subsystem comes in chapter three. Chapter four covers construction and testing of the project. Finally the recommendation and conclusion forms the content of the last chapter. Figure 1.1 Shows the block diagram of the entire arrangement.
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Figure 1.1: tripping unit power supply system

CHAPTER TWO

REVIEW OF TRANSFORMER, RECTIFIER, BATTERY AND FEEDBACK SUBSYSTEM

2.1
INTRODUCTION



A battery charger as an electrical device that is used for putting energy into a battery. The charger changes a.c into d.c suitable for charging. The major building block consists of a stepdown transformer for reducing high a.c mains voltage into low a.c voltage ,a rectifier for converting a.c current into d.c current and then power is ultimately delivered to the battery. There is also feedback subsystem that monitors the current state of the battery voltage which is used to determine the average d.c  voltage supplied to the battery . this chapter gives a detailed review of transformer, rectifier, battery and feedback subsystem theory.

2.2
TRANSFORMER

A transformer is a static piece of apparatus by means of which electric power in one circuit is transformed into electric power in another circuit. It can raise or lower voltage in a circuit but with a corresponding decrease or increase in current. It consists of two inductive coils which are electrically separated but magnetically linked through a path of low reluctance. If one coil is connected to source of alternating voltage, an alternating flux is set up in the laminated core, most of which is linked with the other coil in which it produces mutually induced e.m.f (according to Michael faraday’s law of electromagnetic induction). If the second coil circuit is closed , a current flows in it and so electric energy is transferred (entirely magnetically) from the first to the second coil.

2.2.1 TRANSFORMER MAIN PARTS: The main parts of transformer are;
The core for conveying the magnetic flux from primary to secondary. 

The windings in which the e.m.f is induced.

The terminal arrangement for connecting the transformer to external circuit.

Cooling arrangement to remove the heat generated in the core and in the windings and to dissipate it(in this case , air cooling is used for this transformer)

2.2.2PRINCIPLE OF ELCTROMAGNETIC INDUCTION

The phenomenon of electromagnetic induction discovered by Michael Faraday in 1831 manifests itself in two ways :

As self induction produced in induction produced in inductors and is the underlying principle of an autotransformer.

As mutual induction which is the basic of transformer with two or more windings.

Assume a coil with N-turns in a magnetic field and that each of  the turns is linked with the same magnetic flux which varies sinusoidally with time . the  law of electromagnetic induction gives the instantaneous voltage as e(t) that will be induced across the coil to be 

 e(t)=dN/dt





(2.1)

this means the voltage per turn is 

 V/N=4.44Bmax Ai




(2.2)

Where Bmax is the sinusoidal flux density and Ai is the net cross-sectional area of the iron core carrying the sinusoidal flux . since volt per turn is constant ,in the transformer depicted below, the N1and N2 denoting the turns of primary and secondary windings respectively,the turns ratio of secondary to primary  is:

    n=N2/N1





(2.3)

For an ideal transformer and in accordance with  equations 2.2 and 2.3, we have

  V1/V2=N1/N2=1/n




(2.4)

Where           
 V2and V1are the respective voltages across the secondary and the primary windings of the transformer.


Fig2.1transformer diagram

2.2.3TRANSFORMER ON NO LOAD

When transformer is on no load, the primary input current is not wholly reactive component , but has  an active component which supplies iron and small copper loss while the reactive component sustains the alternating flux in the core. The two no load losses is due to effect of magnetic hysteresis . 
Magnetic hysteresis may be defined as the lagging of magnetization flux density behind the magnetizing force, it is alternatively defined as that quality of a magnetic substance due to which energy is dissipated in it on reversal of its magnetic hysteresis.Wh is expressed as 

Wh=fBmax1.6 






(2.5)







Where

f= supply frequency

V=volume of mgnetic material

The loss due to flow of eddy currents in the core of the transformer is known as eddy current loss, We=Bmaxf2t2V




(2.6)

To reduce the eddy current loss low , the core of the laminations are made thin and electrically insulated from one another.

2.2.4TRANSFORMER ON LOAD: When the secondary is loaded ,the secondary current . the magnitude  and phase of the secondary current is in phase with the secondary voltage if load is non inductive. Load loss as a result of current flowing in the windings occurs as the transformer is loaded. The majority of the load loss is due to coppers loss  in the conductors of the winding and the remainder usually called sray loss is caused by magnetic leakage that traverses metal parts of the transformer such as auxiliary parts.
The copper loss consists of two parts namely ; I2R loss and conductor eddy current loss.

The  I2R loss is due to the effect in the conductors. To keep its magnitude low, the winding resistance is made as low as possible which means that the winding is designed  to have its conductor current density as high as possible at full load current.

The conductor eddy current loss is produced by circulating current induced in parts of the conductor which are cut by magnetic leakage flux.

2.2.5 CONSTRUCTIONAL FEATURE: A transformer consists of generally one or more coils(winding ) of conducting wires , wound on a former (bobbin) that surround the centre limb (for shell type transformer). The winding wires are insulated and the core is made from thin sheet plates known as laminations.
The clamps are held by long screws that are insulated from the rest of the structure (again to limit eddy current ). The winding wires are insulated and the core is made from thin sheet steel plates known as laminations.

The clamps are held by long screws that are insulated from the rest of the structure (again to limit eddy current ). The winding wires are either made off to terminals mounted on the clamps or the wire may leave the coil by flying leads.

2.2.6 INSULATIONS: The wire used in winding coils is an insulated wire. Still it is necessary to provide additional protection for both electrical and mechanical reasons. The covering of the wire must be protected from abrasive surface of the core. For this reason a bobbin must be used to protect the inside of the winding and preserve the shape of the coil under stress so that it can eventually be assembled to the core. The outside of the winding must be covered to protect it mechanically as well as electrically. The inter layer provides a flat bed  on which to lay the windings and prevent turns from sinking in to the layer below as well as protecting against electrical stress.

An electrical grade paper known as “kraft paper” is used for insulation between the layers, but also any good any good quality paper known thicknes can be used. For insulation between the windings more insulation between the windings more insulation is used to provide a good base for the next winding. The insulating material must withstand stresses in every manner.

The whole transformer is dipped in varnish to exclude  dampness and to provide added protection where by the core laminations are protected from vibration which occurs when one or more stampings happen to be loose and the noise produced can be annoying. Varnishing is done by first heating the transformer assembly to remove moisture, then soaking the assembly in varnish and allow it to cool with an electrical grade product.

2.2.7 TRANSFORMER DESIGN:

2.2.7.1 EFFICIENCY AND VOLTAGE REGULATION 

The efficiency as the ratio of power delivered to the load and power drawn is mostly within a range of 80%​ - 90% for small power transformer where the rest of the percentage is dissipated as heat. A good efficiency warms up the transformer up slightly.

Another important factor in the voltage regulation which is the virtue of it having  only a small variation in output voltage with varying demands of load currents. The voltage regulation of a transformer depends on  the iron of the core , the shape of the core and filling of the window space with windings, there being  no large space gap between the last layer of wire and outside limbs: the core must be large enough and wire diameter fully adequate to handle the expected load current.

2.2.7.2 VOLT- AMPERE RATING

The primary of transformer behaves like an inductor with a resistance and a current drawn by it is not in phase with the voltage. The phase angle varies with load, power ratings are therefore given in volt- ampere . copper loss of a transformer depends on current  and iron loss on voltage. Hence total transformer loss depends on volt- ampere and not on phase angle between voltage and current i.e it is independent of load power factor, that is why rating of transformer is in KVA not in KW.

2.2.7.3 CORE AREA 

The size of the core depends on its volt – ampere i.e the larger is the volt- ampere rating the bigger is the core size needed . the relationship between  the area of the cross- section of the centre limb in an E-I  type core is given by

A= C√ VA





  (2.7)



A=Ai/KS





  (2.8)

Where 

Ai=core area in sq cm

A=core area with stacking in sq cm

KS=stacking factor

VA=volt ampere rating

C=constant and lies within a range of 1<=C<= 1.25

For power transformer of this type C=1.2

2.2.7.4 VOLT/TURN 

The basic transformer equation is given below:

V=4.44fANBmax × 10-8                                                                             (2.9)

Where 
V= the voltage across the winding in volts(r.m.s)

f=the frequency in hertz

Ai=the cross-sectional area of the core w

N= the number of turns on the considered winding

B=the flux density in maxwells per unit area

From the equation the volt/turn is

V/N=4.44fANBmax × 10-8



(2.10)

At  f=50HZ    Bmax = 1300lines/sq cm for crgo of power transformer 

V/N=4.44 × 50 × 13000 × 10-8
V/N= A   





(2.11)
          347

Now , the number of turns in all the winding can be calculated easily. It is a common practice to add about 5 to 10% more to the number of turns given by the formula to ensure good regulation ,

2.2.7.4 WIRE SIZE AND WINDOW AREA

To complete the transformer design the winding and wire sizes should be fairly estimated as shown 

Primary current        I1 = VA 



(2.12)

                                        V1  

Secondary1 current  I2 = VA



(2.13)

                                        V2

Secondary2 current  I3=VA 



(2.14)

                                       V3

Where V1,V2 and V3 are the voltages of  primary, secondary 1 and secondary 2 winding , a standard wire size can be obtained from table (Designing coil and Transformer by M.C. Sharma)

When the wire size is obtained , the window area can be evaluated from table as shown 

In the following equations:

AW1= no of turns in primary 



(2.15)

           Turns per sq. cm of the winding
AW2= no of turns in secondary 


(2.16)


Turns per sq. cm of the winding

AW3= no of turns in secondary2                                (2.17)

Turns per sq. cm of the winding

The total window area is given by 

AWT= AW1+AW2+AW3



(2.18)

If the window space  has enough to accommodate all the windings plus insulation and bobbin size , the design is o.k otherwise a bigger core is selected or a little thinner size is used to repeat the calculation .

Of many shapes of stampings available some cores are considered to be more desirable than others. As shown on the figure below ,the dimensions are  given  as multiples of dimension B. the shape given in the table 2.1 below is utilized in power transformer where the thickness of insulation does not use much of the winding.

Table 2.1:
	A
	B 
	C
	D
	E
	F

	1
	1
	2
	3
	5
	6
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Fig 2.2 stampings dimension

2.3
RECTIFIER 

The basic function of the phase controlled rectifier is to convert an a.c input voltage to a controlled d.c output voltage. The basic principle of the phase controlled rectifier is to control the point in time at which the s.c.r.s  are allowed to conduct during each a.c cycle  thus it is possible to select the time segment of the a.c terminals and the mean output voltage is controlled continuously. The turn off of the rectifier is line commutated i.e when voltage across the s.c.rs is negative they are turned off , the full wave bridge rectifier components are described as they are usefull in this application.

2.3.1 DIODE

Diodes as unidirectional devices made from pn-junction are important devices in electrical technology. They are used in a.c to d.c comversion  for various purposes and in high speed application . the forward current varies from a few milliamperes to 800A.   

A reverse voltage of 100v to 2500v. they have advantages such as high mechanical and thermal reliability, high PIV combined with low reverse current , low forward voltage drop , high efficiency and extreme compactness. The basic characteristics are described below:

(i) forward characteristics

Diodes have low resistance in forward biased  direction  and high resistance current flow in the opposite direction

(ii) reverse characteristics

The reverse current increases slightly with increase of the  reverse voltage and tends to remain constant over a substantial increase. At breakdown voltage , the reverse increases substantially to very large extent that can destroy the diode .

(iii) forward voltage drop

Silicon rectifier usually requires a forward voltage drop of 0.4 to 0.8 before significant current flow occurs . this depends on the temperature and impurity concentration in p-type and n-type materials. An increase in voltage in the forward direction increases the current very sharply and if not properly  controlled  may exceed the specified dissipation capacity and seriously damaged the device.

(iv) peak reverse voltage(PIV)

This is the highest amount of reverse voltage that can be applied to a diode before avalanche breakdown occurs. PIV ratings range from about 100v to 2500v for a single junction.

(v) power rating

The power rating of a diode is determined by the electrical conditions under which the heat sink at certain minimum steady temperature . the maximum temperature permitted is about 200degree celcious.

(vi) maximum average forward current

This is the maximum average value of current allowed in the forward direction during a full a.c at a specified ambient or case temperature and the rating decreases with reduction in conduction angle because of the increased value of the current form factor. Typical current outputs range from 0.5 to 800A.

(vi) surge current 

There may arise conditions which cause momentary current that are considerably higher than the normal operating current. These increases may occur from time to time during normal circuit operation as a result of normal load variation or they may be caused by abnormal conditions or fault in the circuits. Surge ratings indicate the amount of current overload or surge that the diode can withstand without detrimental effect 

(vii) average forward power loss 

The electrical power loss of a diode in the forward direction of conduction is the product of instantaneous forward voltage drop and the instantaneous current. This electrical energy is converted into heat and is responsible for the temperature rise of the junction. The power loss is different for different conduction angle.
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fig 2.3 pn-diode and vi-characteristics
2.3.2 SILICON CONTROLLED RECTIIERS (S.C.R.): One of the prominent member of thyristor family is a four layer or pnpn device. Basically it is a rectifier with a control element. In fact it consists of three diodes connected back-to-back with a gate connection.
                   
[image: image4.emf]P

N

P

N

A G

B

J3

J2

J3

                                   [image: image5.emf]
Fig 2.4 s.c.r symbol

S.c.r is a reverse blocking triode thyristor and is a rectifier, since it has a forward direction in which it can conduct and a reverse direction in which it has a very high resistance .

When s.c.r is connected in a circuit for d.c operation with the gate connected to a separate d.c circuit , as the voltage increases , the leakage current increases  appreciably until a point is reached where avalench multiplication begins and a slight increase in voltage causes break down. The internal loop gain is greater than unity and the device is switched into the high conducting stage.

After an s.c.r has been switched to the ON-state, a certain minimum value of anode current is required to maintain the thyristor in this low impedance state. The holding current is sensitive to temperature and decreases with temperature.

The rating of holding current is generally specified at room temperature with the gate open. The latching current of the s.c.r specifies a value of anode current that slightly is higher than holding current which is the minimum amount required to sustain conduction immediately after the s.c.r switches from OFF-state to ON-state and gate signal removed. Once the latching current is reached , the s.c.r remains in the ON-state until the anode current is decreased below the holding current value.

In both forward and reverse direction the s.c.r behaves like a normal silicon diode. Both breakover voltage and reverse breakdown voltage are temperature dependent. With the application of gate current, both the OFF-state and reverse current increase increasing the power losses. If this loss becomes excessive, the device may be damaged with a safe value of with a safe value of gate current, the forward breakover voltage is substantially reduced. The break over voltage decreases with a safe value with an increase in gate current. To avoid the possibility of undesirable triggering-On , a pulse triggering technique is desirable. The triggering pulses should be sufficiently large to ensure positive triggering at all temperature without damaging the device .

2.3.3 HALF CONTROLLED RECTIFIER WITH RESISTIVE AND BATTERY LOAD: The a.c/d.c converter often referred to as controlled rectifier ,can take a number of different forms. One of the most widely used configuration is the half conrolled bridge, the thyristor can be conneceted in either arm of the bridge , and in practice the consruction of the stack(thyristor, diode, the associated heat sinks) influences the arrangement in order to ensure that the thyristor current is commutated at the end of each half cycle.The circuit of the single phase rectifier with R-load is shown in figure 2.5
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Fig 2.5 half controlled rectifier with resistive load 

The average voltage and current are respectively given as 

  The average voltge :VC = (√2)E(1+COSα)

(2.19)




       π


 The average current :IC = (√2)E(1+COSα)

(2.20)




       πRL

when a battery load is connected in series with the resistive load. The circuit is as shown        
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Fig.2.6 half controlled rectifier with battery load

The average voltage and current output are 

 Th average voltage:VC = (√2)E(1+COSα) _ Eb)
(2.21)





       π

The average current :IC = ((√2)E(1+COSα) _ Eb)
(2.22)




       πRL


 2.4
BATTERY

An electric battery consists of number of electromechanical cells, connected either in series or parallel . a cell which is the basic unit of a battery may be defined as a power generating device which is capable of converting stored chemical energy into electrical energy. If the stored chemical energy is inherently in the chemical substance, it is called a primary cell and the battery made of these is the primary battery e.g lechlanche cell, zinc-chlorine. If on the other hand, energy is induced in the chemical substances by applying an external source, it is called a secondary cell and a battery out of this is secondary battery e.g lead-acid and nickel-cadmium battery.

2.4.1 CHEMICAL CHANGES: The chemical changes of a rechargeable battery is considered with lead acid as an example

(i) Discharging 

When the cell discharges i.e it sends current through the load, then H2SO4 is dissociated into positive H2 and SO4 ions. As the current within the cell is flowing from cathode to anode, H2 ions move to anode and SO4 ions move to the cathode. H2 the current is flowing from cathode to anode .

At anode (pbo2): H2 combines with the oxygen of PbO2 and H2SO4 attacks lead to form PbSO4.
H2SO4 + Pbo2→ PbSO4 + 2H2O 

At cathode(Pb): SO4 combines with the cathode to form PbSO4

Pb + SO4→PbSO4

It will be noted that during discharging

(a) both anode and cathode becomes PbSO4 which is somewhat whitish in colour 

(b) due to formation of water , specific gravity of the acid decreses

(c) voltage of cell decreases as it gives out energy.

(ii) Charging 

When the cell is recharged , the H2 ions move to cathode  and SO4 ions move to anode and the following changes take place.

At cathode

PbSO4 + H2 →Pb+ H2SO4

At anode 

PbSO4 +  2H2O  → PbO2 + H2 → Pb + H2SO4

Hence the anode and cathode again become PbO2  and Pb respectively.

(a) the anode becomes dark chocolate brown in colour (pbo2) and the cathode becomes grey metallic in colour.

(b) due to consumption of water specific gravity of H2SO4 is increased 

(c) there is rise in voltage and energy is absorbed.

2.4.2 ELECTRICAL CHARACTERISTICS: The three important features of interest to an engineer are (i) voltage (ii) capacity and (iii) efficiency

(i) voltage 

The open circuit voltage of a fully charged battery cell is approximately 2.2volts.This value is not fixed but depends on 

(a) length of time since it was last charged  

(b) specific gravity: voltage increases with increase in specific gravity and vice versa. If specific gravity comes near the density of water i.e then the voltage of the cell will disappears altogether.

(c) temperature: voltage increases thus not much with increase in temperature.

(ii) capacity 

It is measured in ampere – hour (Ah). The capacity is always given at a specified rate of discharge. The capacity depends on the following 

(a) rate of discharge: it increases with increase in rate of discharge and rapid rate of discharge means greater fall in potential difference due to internal resistance of the cell.

(b) temperature: at high temperature , chemical reaction within the cell take place more vigorously. The resistance of the acid is decreased and there is battery diffusion of the electrolyte. Hence high temperature increases the capacity of the lead acid.

(c) density of the electrolyte : the capacity increases with an increase in density.

(d) quantity of active material: since production of electricity depends on chemical action taking place within the cells. It is obvious that the capacity depends directly upon the kind and amount of active material employed.

(iii) EFFICIENCY

The Ah efficiency is defined as 

Ah efficiency = amp-hour discharge


(2.23)



     Amp- hour charge

The Ah for delivery from the battery decreases due to self discharge of the plate  caused due to local reaction and due to leakage current and faulty insulation.
2.4.3 CHARGING SYSTEM
For batteries other than floating and system governed. The following two general methods (though there are some variation of these)  are employed:

(i) CONSTANT CURRENT SYSTEM 

In this method, the charging current is kept constant by varying 
the supply voltage to overcome the increased back e.m.f of cell. If a charging is used, the current supplied by it can be kept constant by adjusting its excitation. If charged on a d.c supply, the current controlled by varying the rheostat connected in the circuit. The value of charging current should be chosen that there could be no excessive gassing during final stage of gassing and also the cell temperature does not exceed 43degrees. This method take a comparatively longer time.

(ii) CONSTANT VOLTAGE SYSTEM 

In this method, the voltage is kept constant but it results in very large charging current in the beginning when the back e.m.f of the cells is low and a small current when the back e.m.f increases on being charged to half. It increases the capacity by approximately 20% but reduces the efficiency by 10% or so.

(iii) TRICKLE CHARGING

Due to leakage action and other open circuit losses, the battery deteriorates even when idle or open circuit. Hence to balance the open circuit losses. About 0.2% of full load current is just enough to maintain the battery voltage.

2.5FEEDBACK  SUBSYSTM

The basic building block of the subsystem is  an OP-AMP which has the following characteristics:

1. its open loop gain is infinite 

2. its input resistance (measured between inveting and non-inverting input terminals) is infinite.

3. it has infinite bandwidth

4. its output resistance (seen looking into output terminals) is zero.

The OP-AMP in the feedback unit serves the function of a subtractor where by it provides an output proportional to voltage difference the voltage difference between the two input signals. The diagram is as shown in figure 2.7
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Fig 2.7 feedback subsystem
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Fig 2.8 the main power supply

CHAPTER THREE

DESIGN AND ANALYSIS

3.1
TRANSFORMER DESIGN
Specifications

Primary: 220v, single phase, 50HZ

Secondary 1: 170v, 4.2A, 50HZ, 

Secondary2 : 15v, 0,7A,50HZ, centre tapped

Power consumption(volt – ampere :VA)

Secondary 1: VA1 = 170×4.2=714w

(3.1)

Secondary 2: VA2 = 15×0.7=10.5w

(3.2)

Total VA:     VAT1 = 714 + 10.5 = 725W
(3.3)

Primary current=725=3.29A


(3.4)



         220

Taking an efficiency of 90%

Volt- ampere rating is given by:




VAT2 = VAT1 = 725=805



(3.5)

0.9 0.9

     CORE AREA

    Ai=C√VA=1.2=805=34.05cm2


(3.6)

    With a stacking factor of 0.9

    A = 34.05 = 38 cm2




(3.7)

            0.9

NUMBER OF TURNS 

    V/N = 4.4450×A×Bmax



(3.8)
              450450

   Taking Bmax = 13000 lines/sq cm and A = 38 cm2
V/N = 13000×38 = 1.1



(3.9)

           450450

The 10% adjustment for good regulation 

V/N = 1.1 + 1.1*10% = 1.2



(3.10)

NUMBER OF TURNS

No of turns in primary = 1.2×220 = 264

(3.11)

No. of turns in secondary1 = 1.2 × 170 = 204
(3.12)

No. of turns in secondary 2 = 1.2×1.5×2 = 36
(3.13)


WIRE SIZE

From table G1 (Designing coil and Transformer, M.C SHARMA). The same data on enameled copper wire at 200amp/ cm2 relevant to this design were tabulated below:

TABLE 3.1:

	S.W.G
	MAXIMUM CURRENT CAPACITY(amp)
	TURNS PER LINEAR cm
	TURNS PER sq cm

	16
	4.151
	5.86
	35.7

	17
	3.178
	6.68
	45.4

	22
	0.7945
	13.1
	176


The second wire size is used for primary side while the first  and third wire sizes are used for secondary 1 and secondary 2.

WINDOW AREA

From the table, the window area can be obtained using the relationship

AW = VOLT/TURN




(3.14)
           TURNS/sqcm


The total window area can be obtained using the relation 

AWT = 264 + 204  + 36 =11.83 cm2


(3.15)


 45.4   35.2    176     

The nearest core stampings with this window area is E I stampings with tongue width of 3.800 cm and window area of 12.07 cm2. from appendix G (Designing coil and transformer)

2.2 S.C.R MODULE

The average output voltage : Vdc = Vmax(1+cosα)
(3.16)






   π


At maximum value α=0

Vdc = 2 Vmax





(3.17)


π


But maximum voltage : Vmax= √2×E=240v

(3.18)

Therefore the average output voltage: Vdc=153v

From the transformer design, the output current at maximum load Idc = 4.15A  from 
Vmax=240v, the s.c.r should withstand a maximum of 240v.

Based on the component available at the market and for future  advancement of the subsystem, the industrial type is IXYS MCD56 - 16i01. with the following specifications:

ITR.M.S=2×100A

ITAVM=2×64A

VRRM=800 – 1800

IG=0.45A

dIG=0.45A/us

dt

f=50HZ

from the datasheet, it was found that the minimum gate current is 100mA. Then the firing circuit should be designed with minimum pulse current of 100mA. Also smikron rectifier is used as reverse polarity protection diode.

3.1
FEEDBACK SUBSYSTEM
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                                    Fig 3.1 Ideal proportional feedback unit

From figure 3.1, the relationship can be analysed using ideal conditions  as shown below:

(V1 – V2)  = (V2 – VO)


(3.19)

      R1

    R2     

After  rearrangement, the above equation can be written as

Vo = V2( R2 + 1 )  –  R2V1


(3.20)

                       R1                      R1

From  equation (3.20) above

let V2(R2 + 1 ) = 9v



(3.21)

                R1  

And

R2V1 = 11v




(3.22)

R1

But V1=110v




(3.23)

By substituting (3.23) in (3.22) and then solving (3.20) and (3.21) simultaneously 

The values of V2 and ratio of R1 to R2 are respectively given as 8.182 and 0.1. Selecting R2=10K, then R1=100K.

From the parameters obtained above 

At  V1=110V     then   VO = - 2V


(3.24)

At   V1=9V        then   VO= 0V


(3.25)

This implies that the reference voltage supplied to the pic18F77 to monitor the battery voltage will vary from -2V to  0V using an ideal condition. But the feed back unit was simulated on circuit maker with OP-AMP 741 and a VCC of 5V and the corresponding value of the reference voltage where respectively taken and the pic decides the firing point for either trickle ,fast or normal charging by continuously monitoring the current state of the battery voltage.  

The relationship between the terminal voltage of the battery and the reference output voltage is as shown in the figure 3.2



[image: image11]
Fig 3.2 relationship between battery and referance voltage

By using the relation  y = mx + c


(3.26)

The slope m =  (VT2 – VT1)



(3.27)



 (VO2 – VO1)
  

                   =  (110 – 90)



  (2 – 0)



      = 10

From the slope obtained above, the relationship can be written as 

VT = 10VO + 90




(3.28)

With voltage drop across the half controlled rectifier , it is assumed the average output is 150v. With reference to fast charging all the  required parameters are calculated and for trickle and fast charging are tabulated in a table presented at the end  of the calculation .

At fast charging Vdc = 144, Idc = 4A and VT=90V

The approximate series resistance is computed below

R= (Vdc – VT)




(3.29)
            Idc

Therefore R=(144 – 90) =13.5Ω



                           4

Load dissipation  P=I2R = 42×13.5 = 216W (3.30)

Therefore a potentiometer with  maximum of 15Ω and 250w can be selected. 

The Vdc and firing angle are related by the following equation:

Vdc= √2×E(1 + cosα)


         (3.31)


                π

At fast charging Vdc=144, Idc=4A and VT=90V and E=170V

Putting these values in equation (3.31) will give α=26.50

 The firing angle and time for each  half cycle of t=10ms are related as follows.

At α1 = o0           t1 = 0ms 


(3.32)

At α2=1800      t2=10ms


(3.33)
The slope of the two parameters=  (α2 - α1) = (180 – 0 ) = 180/ms  (3.34)





        (t2 – t1)
  ( 10 – 0 )

Using the relationship : y = mx + c  where c = 0

Then  α = 18t




(3.34)

From the relationship described above, all other parameteters can be tabulated in the table below for fast, trickle and normal charging with 15 Ω potentiometer and maximum current of 4A. all voltages are in volt, time in ms and angle in 0.

TABLE 3.2
	CHARGING STATE
	AVERAGE OUTPUT
	TERMINAL VOLTAGE 
	FIRING ANGLE
	FIRING POINT
	REF. VOLTAGE

	Trickle
	112
	110
	34
	3.440
	2

	Normal
	130
	100 – 109
	46
	2.560
	1.0 – 1.9  

	Fast
	145
	90 – 99
	46
	1.890
	0.1– 0.9


After this analysis, it was found the 15Ώ and 250w variable resistor was not available at the market. Then rheostat can be used for this analysis  and when the current control is included in the tripping unit power supply, the use of limiting resistor can be removed.

1500uf , 400v capacitor as seen from other practical analogy to remove the ripples contents of the rectified output voltage as it was used in 110v d.c tripping unit power supply. This ensure steady supply for charging the battery bank.the circuit breaker is connected at the input of the transformer for protection against surge voltage.

With 1 Ώ 20w resistor in series with the battery after the load resistor, the firing points can be adjusted, so that the rheostat can be removed. 4A fuse should also be connected for protection against overcurrent.
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Fig 3.2 proportional feedback unit

CHAPTER FOUR

4.1
INTRODUCTION
This chapter explains the construction approach of assembling, testing that were carried out and the results obtained  so far.
4.2
CONSTRUCTION TECHNIQUE 

Construction is a way of placing the various calculated and selected component on the board according to the drafted circuit as shown in the previous chapter. Various units of the circuit are arranged and the components are mounted or placed on a braidboard to the circuit layout  and tested before they are finally joined by soldering using soldering iron and. The veroboard was used for on – circuit testing of low power supply zero – crossing ,blocking oscillator, and feedback units of the power tripping unit subsystem.
4.3
ASSEMBLING 
With regard to this part of the system, the transformer was assembled after selection of the E I stampings and then a bobbin which is the base on which the windings are mounted is properly selected, and then  the primary winding is placed with its interlayer insulation using masking tape. The secondary winding is placed on top of the primary with an inter interwinding insulation using slightly thicker paper then  that of the masking tape. The same insulation was used for insulating the outer winding of the secondary insulation. The terminals are then connected on the mounting clamps. While for the feedback circuit it is important to note that in any electronic project, it must be tested on a braid board before the final assembly of the circuit. It is then finally transferred to a vero board for permanent construction.
4.4
TESTING 
The various sections of the power tripping unit subsystem were individually assembled and separately tested. For this part, the transformer after assembling with 170V for the mains operated charger and 15V for the automatic control unit  was tested on no load giving the expected result with minimum variation that is within the tolerance range that will not alter the operation of the whole subsystem. This error is less than 1% of the theoretically rated output of the voltage. When the transformer was on load, it was found that the difference between no load and full load voltages was negligible, and this ensures good voltage regulation of the transformer. The feedback was simulated on work bench and it works  ideally as it was designed and then replaced with a practical type uI 741 OP – AMP . The corresponding values with that of the ideal values where to determine the reference voltage at first, trickle and normal charging. With an adjustable d.c power supply, the feedback when put on real testing operates satisfactorily.
CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1
CONCLUSION
Up to this time of compiling this report, in order to meet with the ultimatum given for final submission, the 110vd.c tripping unit power supply  is almost completed, the individulal modules such as zero crossing detector, firing circuit, simulated feedback are separately assembled and individually tested. The transformer as my responsibility was successfully designed and tested giving satisfactory output, the feedback also simulated and gave the desired reference voltage. It was also tested using adjustable d.c power supply. But due to lack of 110V battery the feedback as separate entity was not practically tested unless with 110V d.c source. 
The system as a whole when fully integrated , we wish it will operate satisfactorily to our expectation and perform the function which it was intended for. And any failure or lapses that may be possibly encountered that may result in deviations from the desired output will be taken care of by the next batch of student, so that a more sophisticated and comprehensive tripping unit power supply system can be invented so as to reduce the rate of massive importation and reduce over reliance on foreign products.  This will create job opportunities  and reduce the rate of youth restiveness in the society.
5.2
RECOMMENDATIONS
As the department being among the best electrical departments in the country, I do humbly advise the stakeholders to further supplement their effort with what they have been doing to provide all the necessary facilities for design and construction of important electrical projects for the department to meet with minimum international standard and also to generate a source  of income by exhibiting the viable projects to the society and all other relevant organizations. This will indeed motivate the students to come up with useful innovations that will totally transform the  current technology that needs a great professional attention for the betterment of  the nation.
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