

DESIGN AND CONSTRUCTION OF 1KVA UNINTERRUPTED POWER SYSTEM (UPS)
ABSTRACT 
A UPS system is a DC to AC conversion system of 1KVA power rating and expected to carry around 800 watts load. It provides power to electronic and electrical appliances such as radio sets, TV DVD/VCD, computers, fans and lighting. The design was conceived and put down as block diagram. Corresponding circuit diagrams for each black box were sourced and drawn. The component values according to desired specifications were designed from the first principle and needed values derived. The transformer was also designed and with measurements and component values we went to the market. Most of the transistors were not in the market and order was made with the trader and they were later collected. These components were first wired on project board, tested before being removed and transferred to veroboard where they were soldered permanently and tested. The tests carried out were successfully including the capacity of the transformer and the transformer stability and hum-free operation. The circuit veroboard and transformer along with meters, switches, indicators and output sucket were all carefully packaged inside the system box and test carried out again. This financial test was also successful
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CHAPTER ONE 
INTRODUCTION 
1.1
The Background of the Problem
Uninterrupted Power Supply (UPS) system is a unit developed for the conversion of direct current (DC) into alternating current (AC) to serve electronic and electrical appliances, such as radio sets, television sets, DVD/VCD, computer, photocopying machine etcetera and also provide lighting and power to fans. UPS systems could be used in conjunction with the solar energy conversion system for the harnessing of solar power energy and also as vital part of uninterrupted power surprise system.
The concept and development of UPS system because necessary of the poor national power supply system that resulted in incessant power supply and power outages. UPS is also found in use where there is no supply of electricity in the first place.
1.2
The Purpose/Objective/Aim of the Project 
The purpose of the project is to design and construct a 1KVA UPS system for the supply of A.C power to serve load of about 800watts power (the active or real power, 1KVA x 0.8 = 800 watts).
The objective of the project is to ensure that the research produce an inverter and step-up transformer that would be able to transform few D.C voltage of about 12 voltage to up to 220 volt A.C 50Hz obtainable from the national power supply. Electronic appliances designed and constructed for use in Nigeria are meant to work at the designed specification of 220/230 Volt AC, 50Hz in contrast to similar equipment meant to work in a country like Japan whose national electric power supply is 110 volt A.C., 60Hz.
The designed and constructed UPS system in accordance with the specification of national power supply will not discriminate against any equipment nor serve only a particular electronic appliance. The UPS system will be universally accepted by any system operating in Nigeria or in countries that adopted same specification. By this, the aim of the project design and construction must have been achieved.
1.3
Scope of the Project 
 This project is on the design and construction of 1KVA UPS system with an in-built battery supply. In the first place, the 12 VDC battery is not part of the system to be designed implemented. The scope of the project includes designing and deriving the component values of all the circuits involved for the implementation of this project. These components are sourced and fixed in the vero board according to the determined circuitry, wired and tested through. The circuitry is completed by the design of transformer laminations and coils or windings, packaging and clamping of these laminations to air tight condition and testing through to ensure the specified rating of 1KVA which will supply a real power of 1KVA x 0.8.
The scope of the project also converted testing of the entire system after packaging in a metal construction with vent that will ensure in-let of air as coolant to the transformer that is expected to generate heat while in operation including power transistors.
The UPS system produced cannot work along wired installation of power supply from the national grid unless other units are incorporated. It works on stand alone bases where no power was extended from the national into operation intermittently.
1.4
Limitation of the Study 
The major limitation in this project is seeking for a standard workshop with necessary tools for the cutting and packing of the laminations and coiling of the windings of the transformer. Sourcing exact values of designed and extracted components posed another serious challenge because the sellers of the components in the market only buy for part replacement by radio technicians and not mainly for research purposes.
Finally, finance posed a great problem in accomplishing this project since that task meant for four students was later carried out by only two students without reduction in capacity or in any form at all. Combination of the research activities coupled with normal classroom work, especially the graduating class, was of serious stress to the researchers.
However, at the end, a good job was achieved and those served as exposure to working under pressure, reminiscence of what could be expected in the field. We are seriously being prepared.
1.5
Definition of operational Terms: 
Oscillator 
An oscillator is an electronic device (circuit) designed to produce an alternating emf of desired frequency and amplitude from adc source without an external input.
Multivibrators 
Multivibrators are class of oscillator that provide and output voltage of rectangular or square wave form. Three 
Types of multivibrators are;
Astable (free running)
Monostable 
Bitable    (or filp flop)
Abstable Multivibrators: is a type of multivariate that acts as an oscillator, and operation continuously to provide a rectangular waveform with particular values of phase repetition frequency.
Amplifier is a device that carry our signal amplification through a ration of change in output signal to a corresponding change in input signal with or without external connection.   
Transistor is a semiconductor triode, called a bipolar function transistor, consisting of silicon (or germanium) crystal in which layer of n-type material is sandwiched between tow layers of p-type silicon to form P-N-P transistor. Alternatively, a transistor consist or a layer or p type between tow layers of n-type material to form an n-p-n transistor.
Mosfet Metal oxide semi conductor filed effect transistor (MOSFET) is a type of field effect transistor where increase in drain source voltage VDS do not produce prepositional increase in drain current ID. It operations on the principle of single pole charge carrier movement (hole or electron charge movement) as against bi-polar transistor where both hole and electron constitute the charge carrier in one form of transistor.
Report Organization 
In conclusion to this chapter the mode of the organization of the report will be treated below.
In chapter one, the introduction of the system under implementation was treated. This included background of the project. The scope covered by the project was clearly stated and problems encountered that limited achievement by the researchers were also highlighted.
Chapter two handled review of related literatures to the project under consideration. These included the principles surrounding the major circuit implementation of the system as a lead to the actual circuits sourced for the system design.
Chapter three treated the design methodology, block diagram and actual design and derivation of components and their values. It was concluded by the joining of different circuits adopted into an overall circuit diagram of the system.
Chapter four was treated the system construction, testing and packaging. The outcome of the tests carried out was also discussed in this chapter.
Chapter five was a table that detailed the bill of engineering measurement and evolution. Simply, this was the listing of components and items deigned and sourced for, their prices and total price of the system costs. However, the summary, conclusion and recommend ion were discussed in chapter six to be followed on the rear by references and appendices.
CHAPTER TWO 
LITERATURE REVIEW 
UPS system is a concept from an oscillator circuit that produces output without an input. An oscillator therefore, is a device that produces an alternating output form a d.c sources, such as battery. An oscillator in effect, is an electronic circuit designed to product an’ alternating e.m.f. of desired frequency and wave form. The battery source provies biasing voltage to the active devices, transistors, amps, or Lcs serving as amplifiers. If part of the output of an amplifier, an active device, is feedback into the input in correct amplitude an phase, it is possible to obtain self-sustained oscillation. Any circuit may be made to oscillate, it is able to store and releases energy.
There is three- impedance oscillator type and feedback oscillator type. The principle adopted for the multivibrator employed in the design of the UPS circuit of this project is feedback oscillation.
2.1
Feedback Oscillator principle.
Fig. 2: 1 feedback oscillator 
In the diagram above, the indicated Vin at the input is
In the diagram above, the indicated Vin at the input is not actually an external input signal to the amplifier but a fraction of the output voltage that was feedback to the input. The amplifier or the active device need only biasing or energizing voltage to release energy that is feedback in correct amplitude and phase.

Assuming the amplifier gain to be Av; the feedback factor; b; the output voltage being VinAv is passed through the feedback network to become BAVVin. To maintain oscillation;
Vin- B Vin AV = O
Vin ( - ABV) = O
But Vin = o and  - B Av = o 
 Therefore /ABV/=1 - - - - - 2.1
This is termed backhausen criterion, condition for unity loop gain for the substance of oscillation. The feedback factor B =
1
3. 
Hence for the circuit to oscillate and be sustained, 1/3 of the amplifier gain need to be feedback to the input to ensure unite gain from the amplifier at all time.
2.2
Astable Multivibrator Principle

Astable multivibrator circuit 

An astable multivibrator also called ‘free running has the quality of an oscillator since it produce output without an input. It is a two stage RC amplifier with the output coupled back to the input. The feedback ratio (B = 1) is unity and positive because of the 180o phase shift in each stage, thus the circuit oscillates.

The circuit alternates between a state in which T1 is conducting and simultaneously T2 is cut- off and state in which T1 is cut-off and T2 is conducting. The transition between these two states is rapid because of the strong feedback signal. The time in each state depends. Upon resistor-capacitor time constant. During the conduction of T1, R1 and C1 determine the time constant while RL1 and transistor internal impendence with voltage drop VC2 along with Vcc determine the pulse with voltage drop VC2 along with Vcc determine the pulse amplitude. Also when T2 conducts, R2 conducts, R2 and C2 together with RL-2,
Transistor T2 internal resistance and voltage drop across c1
Determine the second pulse amplitude.

During the conduction of a transistor, the capacitor C1 or C2 charges to at least 2/3 of the supply voltage Vcc, hence
Vc1 = VC2 = Vc = Vcc (1 – (1 + B) e –t/Rc)
2 Vcc = Vcc (1- (1 – B) e – t/RC) -------2.2
3
For a circuit be oscillate and be sustained, the feedback factor B must be 1 of the output voltage.
    

           3

2 Vcc = Vcc (1 – (1 + 1)  e-tRc) 
3                               3
 2 Vcc =Vcc (1- 2) e-trc)
 3


3
2  = (1-2 e-tRc)
3          3
2   e –tRc = 1-2 
3

  3
2 et/Rc   = 1 x 3 = 1
3
      3     2    2
 Take natural logarithm
Line t/RC  in 0.5
t/RC = - 0.693 
t = - 0.063 RC
-
-
-
-
-
2.3
t is the pulse width tw
… tw = 0.693 RC
The pulse amplitude is determined by peak over short voltage principle. The voltage drop across the coupling capacitor 

Vc = Vcc x r
-
-
-
-
-
-
2.5

        RL
Where; r is the internal resistance of the transistor whose value rages between 100 to 300 Ohms 
Vc is the desired amplitude 
RL is the load resistance and it equals 
RL
=
Vcc x r
-
-
-
-
-
-
2.5


   Vc   
 For a square wave, R1 = R2 = RL, = RL2 and are installed with variable resistors.
 C1 = C2 and T1 = T2
2.3
Field Effect Transistor (FET)
FET is a voltage sensitive device which has extremely high input. Impedance as well as high output impedance. It is unipolar in natural because its operation depends on the movement of charge carriers of one polarity only; either hole for positive enhancement or electrons for negative enhancement mode relating to PNP and NPN respectively.

Metal oxide semiconductor filed effect transistor (MOSFET) also called insulated gated field Effect Transistor (IGFET), is a type of FET where increases in drain – source voltage VDS do not produce proportional increase in drain current- ID but the value to 1o is prepositional to change in Gate- Source Voltage VGS.
Fig. 2.3 Symbol of an enhancement N- channel MOSFET 
The MOSFET requires a positive gate voltage for N-channel enhancement mode. Increasing the gate voltage by allowing more current for enhancement increases the channel and this increases the channel conductivity.
Characteristics of MOSFET Power Transistors 
1)
ECG 23 86, STM 320, MOSFET, N-Channel Enhancement, Hi Speed Switching, Transconductance gfs of 2 Mhos minimum, drain to source breakdown voltage BVDSS of 600 Volts minimum, gate to source break down voltage BVGS + 20 VMAX, continuous drain current ID = 6AMP, gate to source threshld voltage VGS (th) = 4.5 volts maximum, drain to source resistance RDS = 1.2 Ohms max, power dispation PD = 150W.
ECG 2384, SSM6N 70, MOSFET N- Chanel, Enhancement, Hi-speed switch, transcnductance gfs of 1.8 Mhos Min, Drain to source breakdown voltage BVDSS = 800 volts min, Gate to source breakdown voltage BVGS = + 20v maximum, continuous drain current 1d = 6AMP, Gate to source Threshold voltage VGS (th) = 4 volts max, drain to source resistance RDS = 1.5 Ohms max, power Dispation PD …… watts. 

Fig. 2.4:
MOSFET Power Transistor Schematic 

Fig. 2.5: Symbole of MOSFET 
CHAPTER THREE 
DESIGN METHODOLOGY 
Design and construction of 1KVA UPS system is a research and production of very important home and office use alternating current (AC) power supply for the use of electronic and electrical appliances. It is also capable of providing lighting to the rooms and environment.
The basis of some power system generation is extraction of .c voltage and use of same to harness and produce A.C. power regardless of current content. The low power a.c is now made to pass through several stages of power amplification and then through an inverter transformer to achieve 220/230 a.c volt at 50Hz. The capacity of the inverter transformer is the capacity of the power inverter system and this has to do with the output power expected and load also expected to carry.
3.1
Block diagram/flow chart of UPS
Battery source 
Voltage Regulator/Monitoring/Indicators 
Inverter Circuit 
Filter 
Buffer/Pre-Amplifier 
Power Amplifier 
Inverter Transformer 
Output Socket 
Fig. 3.1:
Power Inverter System Block Diagram.
3.2
Specification 
The specification of the designed and constructed power inverter system is;
1.
Capacity 


=
1KVA
2.
Voltage  output 
=
220Volt A.C, 50Hz
3.
Current output 
=
12 Amps
4.
Transformer:

Step up, 10/220V A.C, 1 – 12 IV, 50Hz 500Hz, 127 turns, 16SWG

Single phase, VT = 1.739V, power Transformet.
CHAPTER FOUR 
ANALYSIS AND DESIGN
Appropriate circuits with desired stability were sourced, adopted and component values of the parameters derived from the first principle. The block diagram of chapter three, Fig 3.1 were all determined and al components derived for purchase and actual construction. The end of this chapter will be an over all circuit diagram of the inverter system.
4.1
Voltage Regulator/Monitor 
Fig. 4.1:
Voltage Regulator/Monitor 
This stage comprised an IC voltage regulator, LM7812 to ensure constant 12V voltage supply to the inverter circuit even when the battery voltage may not be 12V, hence ensuring stabilized output.
Capacitors C1 and C2 serve as fitters and d.c block ensuring that pure d.c voltage get to the inverter. Its impendence should be as low as 10Ohms and the inverter environment is 50Hz the national supply operating frequency.
As the output of the battery becomes so low that the regulator could no longer make it up to 12V output, the zener diode fails to continue being operated and the relay releases. The normal closed (NC) contact of the relay closes to extent current to the Red LED that now operates and indicate low batter voltage National. 
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Capacitors C1 and C2 = 318µf
Standard capacitors close to this value are 220µf or 470µf. The former is selected hence C1 = C2 = 220µf (2). 1k Ohm is pull up resistor for the LED and Zener Diale and the Relay (3 number 1K ohms resistor).
12V relay 
12V Zener Diode 
4.2
UPS Circuit 
Fig 4.2:
UPS Circuit 
Tw = 0.693RC 
-
-
-
-
-
-
-
-
3.1
Time constant t = tw 
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Let C1 = C2 = C = 222 x 10-6 x R
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To determine the values of R1 and R4 also termed lad resistance RL. We shall employ peak overshot voltage. Principle, also to compute the voltage amplitude.

Fig 4.3: Equivalent circuit of T2 showing the origin of overshoot.
The voltage drop across the coupling capacitor gives the amplitude of the pulse wave
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Where Vcc is the supply voltage = 12V
r is the internal resistance of the transistor, taken to be 200Ώ
VC is drop at capacitor taken as IV
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5k + variable resistor is adequate. To obtain a square wave, R1 = R2 = R3 = R4 = 5k variable resistors (4)
C1 = C2 = 220µf electroilytic capacitors (2)
Let T1 = T2 = TIP 27 = ECG 157 NPN, Si, Hv, AF, Pw Amp.
Component to ECG 39, PD = 20.8watts, FT = 10MHz, Ic = 5
Amp, BVEBO = 3V, BVCEO = 300v, BVCBO = 300v, hfe = 3- (gain).
4.3
Low Pass Filter 
The pulse wave output of the inverter circuit contains some harmonics which resulted in the sharp ends or kinks and this constitute noise and not desirable since the inverter system can be used to power radio sets, TV or other sensitive appliances.
Hence, low pass filters are cascaded and connected at the outputs of the multivibrator called UPS circuit.
Fig. 4.4:
Cascaded Low Pass Filter
The filter is to pass frequency of 50Hz and cut off other frequencies above 50Hz, the national supply standard.
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For a capacitor value of C1 = C2 = C = 220µF
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 (2), C1 = C2 = C220µF
4.4
Pre-Amplifier 
The pre-amplifier stage is a voltage amplifier stage to ensure that the voltage peak of the alternating voltage is up to at least IV. It is connected to Power Amplifier directly.
Fig. 4.5: Pre-Amplifier
Capacitor C1 serve as a coupling capacitor with low impedance of say 10Ohm 
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Capacity C1 = 220µf electrolytic. The base resistor R1 is to drop enough voltage that will open the transistor to conduct when supply voltage is applied to the collection terminal. Assuming 0.1mA current is coming from the output of the multivibrator through filter and the Vbe (base-emitter voltage) of the NPN transistor is 0.7V for silicon made the voltage drop at R​b taken as 0.9 V, hence 
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Rb could be a 10KΏ resistor or any value between 7KΏ to 10kΏ 
Rb
=
10KΏ
C1
=
220µf
T1
=
TIP 36, ECG 390, NON Si, Pwr Amp, HI speed complementary to ECG 391
BVCBO – BV​CEO = 100v, Ic = 10A, BVCEO = 9V, PD = 60w, FT T 10MHz.
4.5
Buffer Amplifier 
The buffer amplifier isolated the low power stage of the inverter circuit and high power amplifier stage. It is also termed unity gain amplifier or an emitter follower. It should come before pre-amplifier stage.

Fig. 4.5:
Buffer Amplifier
Selecting T1 = BC 108, ECG 123A, NPN Si, AF Amp SW Vcbo = 40V, Vebo = 6, Ic = 8 Amps, PT = 50W, FT = 300 MHZ, hfe = 220.
VB = Vbe + IeR2
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Voltage drop at Re = Vbe = Vce – Ve
Since Vbe for silicon = 0.7v and Vb = Ve
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If Ve = Vbe = 0.7 volts, let Re = 300Ώ and 
[image: image15.wmf]a

 =  0.98

[image: image16.wmf](

)

W

=

=

W

»

=

-

=

\

=

=

-

=

\

100

00

,

1

8

.

96

1167

.

0

7

.

0

12

1167

.

0

0.02

 x 

300

7

.

0

98

.

0

1

300

7

.

0

1

R

Rb

Rb

Amp

Ib


Capacitor C1 is a coupling capacitor and for an impedance of 10Ώ
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4.6
Power Amplifier 
The power amplifier adopted to achieve desired current is a two stages Darlington pair push-pull power amplifier; to achieve a current of between 9Amp to 12Amp.
This Darlington pair power amplifier will be implemented by MOSFET power devices.
Fig 4.7:
Darlington pair power Amp.
The output of the pre-amplifier is connected to the gate of MOSFET T1 and T2. The pair of T1, T3 and T2, T4 release one shot pulse each (that was rounded off by the filter) to the UPS transformer to give a sinusoidal pure wave. The primary winding with the energizing current induce emf onto the secondary to prouce 220V, 50Hz A.C voltage of high current content.
T1 = T2 = SSM6N70, ECG 2384: PD = 125 W, ID = 6A, VGS = 4V, BVGS = 100V
T3 = T4 = STM320 = ECG 2386, Po = 150W, Io 6A, 
BVGS = + 20V, VGS = 4.5V, BVOSS 600V.

Fig 4.8: Output Stage 
Capacitor Co is a paper capacitor for the storage and release of 220V, 50Hz A.C. voltage through the socket to the appliances or load. The inductor of 0.1H grows the induced emf to be collected by the plug into the socket.
Let Ro = 10Ω, Co = 100µF paper, Lo = 0.1H
4.7
Heat Sink 
Heat sink inform of aluminum sheet are connected to the power transistor legs including the MOSFET to absorb heart released and radiated to the surrounding air that are let in through the vent provided at the casing to serve as coolant. The discharge of the heart helps in prolonging the life of the transistors/MOSFET; and in giving stabilized output voltage.
4.8
UPS Transformer Design 
Transformer is the most important single component in this design and construction. The inverter transformer is a step-up transformer that transforms 12V AC from the power amplifier to 220V, 50Hz output. The transformer was designed constructed, packaged and tested through without humming or leakage.
Design Parameters 
There are two types of transformers the core type and the shell type.

Fig 4.9:
Transformer Schematic Diagrams
In come type, the primary winding is on the left side of the core-limb while the secondary winding is on the right-hand side limb of the core. The magnetic field developed by current I1 applied on the primary coil through the core linked to the secondary winding on the other core arm of the right hand side. E.M.f. is thus induced and voltage V2 can be measured or developed across the load and current I2 flows.
However, fig 3.10(b) shows a shell type transformer where both primary and secondary coils are wound on the center limb but only separated with paper. Also through the core emf developed at the secondary output coil is due to magnetic field produced by current I1 at the primary coil. The paper is however impregnated with varnish or petroleum jelly.
Coefficient of Utilization 
The coefficient of utilization or core factor C is the different ranges for different classes of transformers classified according to size and use.
Table 4.1:
Coefficient of Utilization 
	S/N
	Transformer Type 
	Core Factors C

	1
	Three-phase, shell type 
	1.3

	2
	Three=phase, core type 
	0.6 – 0.7

	3
	Core distribution 
	0.35 – 0.45

	4
	Single-phase, shell type 
	1.0 – 1.2

	5
	Single-phase, core type 
	0.75 – 0.85

	6
	Core-type, power transformer 
	0.55 – 0.65

	7
	Shell-type, power transformer 
	1 – 1.25 


For this design and construction, a single phase shell type transformer was employed. The value of coefficient of utilization C is computed thus:  
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Therefore voltage per turn VT - 
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Fig. 4.10: Transformer Turns Schematic Diagram 
In this inverter transformer design, the primary voltage is expected to be + 11 out of the 12 volts from the battery that  produced pulse or sinusoidal wave of about + 1 volt amplitude. The output is expected to be 22ov, 50Hz. A/C of around 12 Ampere current.
Primary turns Np
Np1  = v1(a) 
-
-
-
-
-
-
-
-
3.7

    VT
Where Np1 is the turns of the primary that produce voltage V1(A) 
V1 (a)  is the voltage at point (a-b) of the coil, which is 1.1 
VT is the voltage per turn
…. Np1  = v1(a) = 11 = 6.3 6 turns 
              V1
1.739
But Np1= NP2 = 6 turns.
SECONDAY TURNS NS = N2
N2
=
V2 
-
-
-
-
-
-
-
(3.13)


VT
Expected output voltage is 22v
N2
=
220

= 126.5  127tursn 


1.739
Diameter of copper wire 
Copper wires are wound at current density of not greater than 100  Ampere/inch. 1 inch is equivalent to 2.54cm
Therefore, 
X current in Amere/cm = 1000 Ampere/ cm
Area in cm2 


2.54cm
X current in Amp/cm x 2.54cm = Area in cm2 100/0/cm 
Area = nr2 but r =  D .. Area = n (D)2    = Nd2
  2          4
2. 54x current in Amp = 100 n D 2 Cm Amp






       4
D2  =  4 (2.54) x current cm Amp


1000 n Amp
D2    =
10.6x current cm



1000n
Since the inverter will serve load of 5A to 15 Amp current, hence choosing 10A,   X current = 10 Amps 
The winding diameter 
D = 10.16 x 10

1000 n 

= 0.1798cm
Converting to millimeter
D = 0.1778 x 10 – 1.798
With this value, the standard wire gauge from the chart (SWG) is 15. SWG = 15 for primary of 6 turns. The primary coil is 6 turns, 15 SWG = 15 for primary of 6 turns. The primary coil is 6 turns, 15 SWG, 15A, 11 volts A.C.
Secondary 
V2 = V2   = 22OV 
Power: real power = Apparent x Power factor 


= 500VA x 0.8 = 400W
Current in the secondary =  power 





      Voltage 
Is = 2000 =  9.1 Amp

220
 The coil diameter D = 10.16 X 9.1 = 0.17




      1000  


= 0.17155
D = 0. 1716 cm
D = 0. 1716 x 10 = 1.716mm
From the standard wire gauge chart 
SWG= 16
TABLE 4.2 calculated Winding parameter 
	 Terminal 
	Voltage  
	Current 
	Winding 
	Diameter 
	S.WG

	Primary 
	 11V
	15 Amp
	6 turns 
	1.798MM
	15

	Secondary 
	220V
	 9.1 Amp
	127 Turns 
	1.716MM
	16


TRANSFOMER CORE DESIGN 
Design parameters 
D = diameter of circumscribing circle 
H = Overall frame Height = 148mm
Aw = Winding Area 
Ai = net iron area =  CSA of the core 
W = Width of core widow = 42 mm
Wi = maximum width of lamination = 0.71d
F = Lamination stacking factor = 0.96
DT = Current density = 3  Amp/mm2
Kw = Winding space = 0.3
Bm = Flux density = 1.5T or 1.5 Wbs/m2, T= Testa. 
Height of window to width of window ratio = 1:1 
Type of limb section = square, 8 =3 
Primary voltage vs  = 1 -12- 1 (11v) 
Secondary voltage VS 220V
Transformer rating = 1KVA
Operation frequency f = 50Hz 
Power factor = 0. 8 lagging 
Power in watts = 800watts 
Voltage per turn VT = 1.739 volts
Induced emf, E = 4.44 BMFAI per turn 
Induced emf per turn VT = 4.44 BAMFAI 
Ai = 

Vr 

=
1.739


4.4 Bmf 

4.44x1.5 x 50 m2
Ai    =    0.00522222222m2
Taking to mm2
Gross Area Ag
=
 Ai 


=
5222.22mm2



Stacking factor


0.96
 Ag = 5440mm2
Transformer Core Construction 

Limitation core material is usually made of ferro-magnetic material characterized by high permeability, low cohesive force, low hystersis loss and high saturation induction. In has excellent magnetic current and less loss. The lamination core is cut in E and I shape out to the soft iron – sheet; and stacked together after varnishing and wrapped with paper to form a close iron pack magnetic circuit. The chosen shell type allows for al cooling paths for high efficient required for minimum heat dissipation. The lamination so packed is clamped and com[pressed to exclude all air.
Winding of the Transformer 
The transformer core so packaged is wound with copper wired of the gauges obtained above and exactly to the number of turns. Copper is always used as the conductor material for winding because of its unique properties such as 
High electrical and thermal conductivity.
Good mechanical properties.
High resistance to corrosion
High scrap value 
Readily available.
The primary winding is first wound covered with paper and then cooled with petroleum jelly before the secondary turns are wound on top varnished, coated and packaged with paper. Two terminals for the primary and secondary windings are brought out separately to serve as terminals. One cross sectional area of the core is prepared for fastening with screws.
 Specifications
Transformer type: shell type, single phase, power square, 
Core factor: 11
No of laminations: 38 
Efficiency (Theorelicla): 80%
Voltage per turn: 1.739 volts 
Transformer rating: 1KVA
Primary: centre tap: 1-2- IV, 50HZ, 10AMP, 6tunes, 15 SWG 
Secondary: 22ov, 50 Hz 127 turns, 9.1Amp, 16 SWG.           
4.9
COMPLETE CIRCUIT DIAGRAM OF 1KVA UPS SYSTEM WITH BUILT 12VDC BATTERY
CHAPTER FIVE 
PRESENTATION AND ANALYSIS OF RESULT 
 Table 5: 1 BEME.

	S/N
	Item (or component) 
	Rate in N
	Qty 
	N Amount 

	1
	22uf, 16V electrolytic capacitor 
	50
	12
	600.00

	2
	IK…..
	10
	2
	20.00

	3
	LED (Green) (1) and Red (1) ),
	15
	2
	30.00

	4
	12 VDC Relay 
	40
	1
	40.00

	5
	12v Zener Diode 
	25
	1
	25.00

	6
	5kq variable   Resistor 
	20
	4
	80.00

	7
	15q Resistor 
	10
	4
	40.00

	8
	100q Resistor 
	10
	2
	20.00

	9
	300q Resistor 
	10
	2
	20.00

	10
	10kq Resistor 
	10
	2
	20.00

	11
	100uf paper capacitor 
	20
	1
	20.00

	12
	10q Resistor 
	10
	1
	10.00

	13
	0.1 H inductor 
	20
	1
	20.00

	14
	TIP 27 Transistor 
	60
	2
	120.00

	15
	BC 108 Transistor 
	40
	2
	80.00

	16
	TIP 36 Transistor 
	80
	2
	160.00

	17
	SSM 6N70 MOSFET 
	250
	2
	500.00

	18
	STM 320 MOSFET 
	450
	2
	900.00

	19
	Transformer Core Mould  
	150
	1
	150.00

	20
	Core Lamination 
	1,600
	Set 
	1,600.00

	21
	Brown paper 
	50.00
	1 sq meter 
	50.00

	22
	Petroleum Jelly 
	150
	1 small cup 
	150.00

	23
	15 SWG Cable 
	25
	20 meters 
	500.00

	24
	16 SWG Cable 
	20
	20meters 
	400.00

	25
	Construction of metal box 
	2,500
	1
	2,500.00

	26
	12” x 8” plank wood 
	200
	1
	200.00

	27
	Adhensive gum 
	100
	1
	100.00

	28
	Screw nails 
	5
	1
	20.00

	29
	Power switch 
	50
	1
	50.00

	30
	Wall socket  
	70
	1
	70.00

	31
	Socket base (wood)
	20
	1
	20.00

	32
	Heat sink 
	600
	½ a mater sheet 
	300.00

	33
	Ammeter 
	100
	1
	100.00

	34
	Voltmeter 
	100
	1
	100

	35
	Labeling 
	-
	-
	150.00

	36
	12 VD.C. battery 
	4,500
	1 unit 
	4,500.00

	
	
	
	
	13,615.00


Total cost is Thirteen thousand, six hundred and fifteen Naira (N13, 615.00).
5.1
Construction, Testing And Packaging 
The derived component values as shown above in chapter three were taken to market for sourcing and purchased. The capacitors were determined during design process bearing in mind the standard values in the market. The resistor values purchased in most cease were those close in values to the values derived. Also purchased were breadboard also called project board for initial testing before actual connection and soldering was carried out in a verboard. Each component such as transistors and regulator were first tested to ascertain the collector electrode from emitter on the base electron for transistor and input and output pins for the regulator as different from the earth pin. All the capacitors are electrolytic and the positive and negative pins  have to be identified on the body of the capacitor. The colour coding helped for identification of the resistor values but the connection of the pins was never a concern since any of the two pins can be connected to any of the sides.

When the components were connected according to the circuitry, and tested through on project board, they were therefore unsocketed and fixed on the verboard solder the connection points avoiding dry joints and short circuits. Each circuit was connected and tested through before the next.

The transformer was specifically constructed as a specialized workshop where the laminations were cut and packaged on to the core mould according to the designed specification. A paper or plastic shaped core mould became a framework on to where the core laminations were layed, packaged, impregnated with varnishing or petroleum gelly and clamped together. The primary windings were first coiled on the core, exactly on the count of the designed number and coated with brown dry paper that was greased with petroleum gelly. The secondary windings were then wounded on top and counted to the number called SWG for both primary winding and secondary winding were sourced and purchased. At the end the constructed transformer was tested for vibration, humming, short circuit and disconnection.  Table 4. 1: Transformer Test.
The testing instrument employed for both transformer testing and wired circuit testing were AVO meter, battery. Continuity or resistance test was carried out when no voltage was connected to the circuit or system, static test. 

Short circuit was tested both when no voltage was connected and when voltage was connected. Some circuit perform good when not connected voltage or when on load was connected and faulted when under dynamic condition.

The transformer was tested when not connected to voltage source, when voltage was connected and no load. A hundred watts bulb served as load when the test was been carried our under dynamic condition.

To assemble and package, a system box was constructed with vent openings to serve as coolant, letting in air to cool the transformer when in actual operation. A plant was cut and pressed down to the based of the system box and overboard (s) and the transformer base fastened on the wood. Indicators and switches was provided spaces but connected to the approximate parts of the system. And when the regulator can no longer upgrade the voltage to 12 V d.c for optimum operation of the inverter system. This monitor circuit comes into operation and incorporated to the regulator circuit to indicate low battery voltage. It reminds the user that the life of the battery has gone down too low and requires recharging or changing of electrolyte and charging again.

Below is the drawing of the packaged inverter system with in- built battery supply. The battery is held to the box with a belt and losen for charging or replacement.

Fig 5.1: Compact 500VA power   Inverter system with in-built battery source
CHAPTER SIX 
CONLUSION AND RECOMMENDATON 
6.1
Conclusion 
The design and construction of a 1KVA power inverter system with in- built battery source is a very important unit in the home of office for the supply of A.C power to the equipment, appliance and lighting installations. If found use in an area with out electric power supply or where national power supply is not satisfactory for the company of appropriate load as specified. This system went ahead of other known inverter system because of the- built batter source.
6.2
Recommendation 
It is recommended for use by computer business centers, offices, in the villages where there is no electricity, in research institutions at out sketch of the city and in homes. It should be avoided to connect air conditioner or pressing iron on to the system except where all other loads were disconnected.
Any student venturing into the research and implementation of this system need to involve an automatic switching part and monitor so that it can be found useful where electricity is supplied but with ‘epileptic’ operation. The important part will make the UPS system operate like uninterruptible power supply for home or more load use as against the present used of UPS for a single appliance or equipment.
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APPENDIX 
STANDARED WIRE GAUGE (S W G)  CHART 
	S/N 
	Diameter in MM
	Standard Wire Gauge (SWG)

	1
	8.230
	0

	2
	7.620
	1

	3
	7.010
	2

	4
	6.6401
	3

	5
	5.809
	4

	6
	5.385
	5

	7
	4.877
	6

	8
	4.470
	7

	9
	4.064
	8

	10
	3.658
	9

	11
	3.250
	10

	12
	2.946
	11

	13
	2.642
	12

	14
	2.337
	13

	15
	2.032
	14

	16
	1.829
	15

	17
	1.626
	16

	18
	1.422
	17

	19
	1.219
	18

	20
	1.016
	19

	21
	0.919
	20

	22
	0.813
	21

	23
	0.711
	22

	24
	0.610
	23

	25
	0.559
	24

	26
	0.508
	25

	27
	0.457
	26

	28
	0.417
	27

	29
	0.376
	28

	30
	0.315
	29

	31
	0.295
	30

	32
	0.274
	31

	33
	0.254
	32

	34
	0.234
	33

	35
	0.213
	34

	36
	0.193
	35

	37
	0.152
	36

	38.
	0.32
	37


APPENDIX II
COLOUR CODE 
0
-
Black 
1
-
Brown 
2
-
Red 
3
-
Orange 
4
-
Yellow 
5
-
Green 
6
-
Blue 
7
-
Violet 
8
-
Gray 
9
-
White 
Silver Tolerance 

=
5%
Gold Tolerance 

=
10%
Colorless
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20% 
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Fig 4.11: Sketch of a packaged transformer core limitation 








148mm





42mm





18mm





160mm





14.8mm





42mm





DC





AC





OUT PUT 








_1234567897.unknown

_1234567901.unknown

_1234567905.unknown

_1234567907.unknown

_1234567908.unknown

_1234567909.unknown

_1234567906.unknown

_1234567903.unknown

_1234567904.unknown

_1234567902.unknown

_1234567899.unknown

_1234567900.unknown

_1234567898.unknown

_1234567893.unknown

_1234567895.unknown

_1234567896.unknown

_1234567894.unknown

_1234567891.unknown

_1234567892.unknown

_1234567890.unknown

