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Abstract—the purpose of this paper is to provide guidance 
for facilities to the engineers in selecting, installing, and 

maintaining an uninterruptible power supply (UPS) system 

after the decision has been made to install it. This technical 

manual has been prepared to provide generic guidance to 

agencies responsible for the selection, installation, and 

maintenance of UPS systems at Command, Control, 

Communications, Computer, Intelligence and Surveillance 

facilities. Upon loss of ac power supply or upon failure of 

the rectifier, the battery maintains the dc supply to the 

inverter. The battery can maintain the dc supply to the 

inverter until the ac supply is restored or to the end of the 
battery duty cycle. Under this condition, the inverter 

continues to supply the connected loads without 

interruption. This mode of operation continues until the 

system is shut down if the battery reaches the discharged 

state before the charger output is restored. The Pulse Width 

Modulation (PWM) control is applied and implemented in a 

prototype UPS. 

Keywords: - UPS, PWM Control, Intelligence, urveillance 

facilities and  

I. INTRODUCTION 

Electrical power interruptions are quite common in every 
place especially after a heavy downpour or a severe storm 

[1-4]. To counter these power outages a search has been 

done to find a reliable and economic alternate source of 

electricity [7]. A power inverter serves this purpose [8]. It is 

a device that is used to convert direct current to alternating 

current. It works by converting 12 Volt DC power into 110 

volts AC [8]. Power Inverters are great tools to run 

household appliances from a car or any other DC source in 

areas where there is no electricity. There are several types of 

power inverters available in two categories – The True Sine 

Wave Power Inverters and the Modified Sine Wave Power 

inverters. True sine wave power inverters provide utility 
grade power. These inverters are expensive and can power 

almost anything including laser printers and fax machines. A 

sine wave inverter is recommended to operate higher-end 

electronic equipment [9]. Modified sine waves are the most 

common types of power inverters. A modified sine wave 

inverter can adequately power most household appliances 

and power tools. It is more economical, but may present 

certain compromises with some loads such as microwave 

ovens, laser printers, clocks and cordless tool chargers. 

Simple inverters make use of oscillators driving a transistor 

to create a square wave, which in turn is fed through a 
transformer to produce the required output voltage. When 

advanced inverters have started using more advanced forms 

of transistors or similar devices such as thyristors. Inverters 

are used in a wide range of applications, from small power 

supplies for a computer to large industrial applications to 

transport bulk power. A few of the most widely used 

applications of Power Inverters include running television-

sets, microwaves and other household appliances and 
charging cell phones, laptops from a car’s cigarette lighter 

outlet and running power tools from a 12 volt battery on 

jobsites where electricity isn’t available. In the context of 

renewable energy, an inverter is a device that will convert 

DC battery voltage into mains type AC power. Most 

medium to large scale solar power systems are designed to 

power everything from mains type AC voltages "inverted" 

from the DC battery bank. The advantage this gives us is 

that we can purchase conventional appliances from an 

electrical retailer. An energy efficient light globe can be 

somewhat expensive in a 12 Volt DC version and having a 
24 or 48 volt lighting system makes finding a suitable light 

bulb even more difficult.   The three ratings that you should 

look at when buying an inverter are: Continuous Rating: 

This is the amount of power you could expect to use 

continuously without the inverter overheating and shutting 

down. Half Hour Rating: This is handy as the continuous 

rating may be too low to run a high energy consumption 

power tool or appliance, however if the appliance was only 

to be used occasionally then the half hour rating may well 

suffice. Surge Rating: A high surge is required to start some 

appliances and once running they may need considerably 
less power to keep functioning. The inverter must be able to 

hold its surge rating for at least 5 seconds. TVs and 

refrigerators are examples of items that require only 

relatively low power once running, but require a high surge 

to start. 

II. DESIGN PRINCIPLE 

The circuit shown in Fig.1 is that of the IC controlled 

emergency light. Its main features are: automatic switching-

on of the light on mains failure and battery charger with 

overcharge protection. When mains is absent, relay RL2 is 

in de-energized state, feeding battery supply to inverter 

section via its N/ C contacts and switch S1. The inverter 
section comprises IC2 (NE555) which is used in stable 

mode to produce sharp pulses at the rate of 50 Hz for 

driving the MOSFETs. The output of IC3 is fed to gate of 

MOSFET (T4) directly while it is applied to MOSFET (T3) 

gate after inversion by transistor T2. Thus the power 

amplifier built around MOSFETs T3 and T4 functions in 

push-pull mode. The output across secondary of transformer 

X2 can easily drive a 230-volt, 100-watt bulb. In case light 

is not required to be on during mains failure, simply flip 

switch S1 to off position. Inverting pin is held at a reference 

voltage of approximately 12.5 volts which is obtained using 
variable resistor 10k. The inverting pin of IC1 is connected 

to the positive terminal of battery. Thus when mains supply 

is present, IC1 comparator output is LOW, unless battery 

voltage exceeds 12.5 volts. So transistor T1 is normally 

OFF, which de-energizes relay RL1. In this state the battery 

remains on charge via N/C contacts of relay RL1 and 

current limiting resistor R2. When battery voltage exceeds 
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12.5 volts (overcharged condition), IC1 output goes HIGH 

and relay RL1 gets energized, and thus stops further 

charging of battery .MOSFETs T3 and T4 may be mounted 

on suitable heat sinks. 

III. CIRCUIT DESCRIPITION 

A. Power supply with relay system: 

A 12 V, 7Ah rated capacity of chargeable battery is used for 

power supply to inverter circuit. It gets charged from its 

charger, which includes a 230/0-12 V, 1A rated capacity of 

transformer and  a converter circuit. Transformer gets power 

from 230 V AC household plug and it stepped down to to 12 

V and again due to converter it converts to 12 V DC which 

is used for charging the battery. Here battery is used as 

source of DC current to inverter circuit. 

 Power is supplied to inverter circuit from battery 

through relay such that if over voltage or over current occurs 

due to overcharging of battery then relay trips, and its 
contacts will change from NC-(normally closed) to 

NO(normally open). Hence no current will flow to inverter 

circuit when over voltage occurs. Inverter circuit gets supply 

only when there is below rated voltage for discharge to it 

from battery.  

 The power supply designed for catering a fixed 

demand connected in this project. The basic requirement for 

designing a power supply is as follows. The different 

voltage levels required for operating the devices. Here 

+5Volt required for timer IC NE555, opto-isolator MCT2E, 

inverter etc and ±12V is required for op-amp LM741.The 
current requirement of each device or load must be added to 

estimate the final capacity of the power supply. The power 

supply always specified with one or multiple voltage outputs 

along with a current capacity. As it is estimate the 

requirement of power is approximately as follows. Out Put 

Voltage = +5V,   ±12V, Capacity = 1000mA. The power 

supply is basically consisting of three sections as such, Step 

down section Rectifier Section and Regulator section. 

 There are two methods for designing power supply, 

the average value method and peak value method [9]. In 

case of small power supply peak value method is quit 
economical, for a particular value of DC output the input 

AC requirement is appreciably less. In this method the DC 

output is approximately equal to Vm. A full wave bridge 

rectifier is designed using four diodes and the output of the 

rectifier is filtered with a capacitor.  There are two 

capacitors connected in this power supply, one for filtering 

and providing back up to positive power supply and other 

one for providing backup and filter action to the negative 

power supply. The capacitor value is decided so that it will 

back up for the voltage and current during the discharging 

period of the DC output.  In this case the output with 

reference to the center tap of the transformer is taken into 
consideration, though the rectifier designed is a full wave 

bridge rectifier but the voltage across the load is a half wave 

rectified output. The Regulator section used here is 

configured with a series regulator LM78XX and LM79XX, 

the XX represents the output voltage and 78 series indicates 

the positive voltage regulator for power supply. The positive 

regulator works satisfactorily between the voltage XX±2 to 

40 Volt DC. The output remains constant within this range 

of voltage. The output remains constant within this range of 

voltage. In this we are using Transformer (0-12) Vac/1Amp, 

IC 7805 & 7812 and 7912, diodes IN 4007,LED & resistors. 

Here 230V, 50 Hz ac signal is given as input to the primary 

of the transformer and the secondary of the transformer is 

given to the bridge rectification diode. The o/p of the diode 

is given as i/p to the IC regulator (7805, 7812 & 7912) 

through capacitor (1000μF/35v). The o/p of the IC regulator 

is given to the LED through resistors.  When ac signal is 

given to the primary of the transformer, due to the magnetic 

effect of the coil magnetic flux is induced in the coil 

(primary) and transfer to the secondary coil of the 
transformer due to the transformer action.‖ Transformer is 

an electromechanical static device which transformer 

electrical energy from one coil to another without changing 

its frequency‖. Here the diodes are connected in a bridge 

fashion. The secondary coil of the transformer is given to 

the bridge circuit for rectification purposes. During the +ve 

cycle of the ac signal the diodes D2 & D4 conduct due to the 

forward bias of the diodes and diodes D1 & D3 does not 

conduct due to the reversed bias of the diodes. Similarly 

during the –ve cycle of the ac signal the diodes D1 & D3 

conduct due to the forward bias of the diodes and the diodes 
D2 & D4 does not conduct due to reversed bias of the 

diodes. The output of the bridge rectifier is not a pure dc 

along with rippled ac is also present.  

VDC = 2Vm /  
or, VDC = (Vm – 2Vk) 

= (12 – 1.4) 

                                  =10.6 

 VDC  x 2√2 
= 19.1Vdc. 

 ± 17Vdc. 
To overcome this effect, a capacitor is connected to 

the o/p of the diodes (D2 & D3). Which removes the 

unwanted ac signal and thus a pure dc is obtained.  

We knew, 

Q = C x V 

 C = Q / V 
= I x t / V 

                    = 1Amp x 10msec/ 17 

              = 588.2μF1000μF 
Here we need a fixed voltage, that’s for we are 

using IC regulators (7805 & 7812).Voltage regulation is a 

circuit that supplies a constant voltage regardless of changes 

in load current.‖ This IC’s are designed as fixed voltage 

regulators and with adequate heat sinking can deliver output 

current in excess of 1A. The o/p of the bridge rectifier is 

given as input to the IC regulator through capacitor with 

respect to GND and thus a fixed o/p is obtained. 

Vmax to 78XX / 79XX = ±35Vdc 

Vmin to 78XX = 78XX ± 2V 

Imax = 1Amp DC. short ckt protection and 

Thermal over load protection.The o/p of the IC regulator 
(7805 & 7812) is given to the LED for indication purpose 

through a series resistor. 

Imin to LED = 5mA 

Imax to LED = 30mA 

Then to find the value of series resistance by using 

the Ohm’s law,  R1 = V1 / I 

= 5/5mA = 1KΩ. 

R2 = V2 / I 
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= 12 / 5mA =2.4KΩ. 

 2.2KΩ.  
Due to the forward bias of the LED, the LED glows 

ON state, and the o/p are obtained from the pin no-3. Finally 

that is fed to the corresponding sub section as a Vcc with 

respect to GND as given in Fig.1.  

 
Fig.1: Schematic diagram of power supply 

B. PWM Generator: 

It takes input from 12V battery source and generates square 

wave of 50 Hz. its frequency is  made fixed to 50 Hz by 

varying the variable resistor on the circuit .its output goes to 

AND gate.In this sub section its aspect is to generate a 

PWM as output signals for that an Quad OP-Amp (LM324) 

is used as a generator. This is an op-amp based design for 

generating PWM output. There are four stages of Op-amp   

running on a single-rail power supply. The saw tooth is 

generated with the circuit designed by 1st and 2nd op-amp as 

depicted in Fig.2. The function of different sections is as 
follows. The 1st op-amp is configured as a Schmitt Trigger, 

The 2nd op-amp is configured as a Miller Integrator as 

depicted in Fig.3, The 3rd op-amp is used as a low gain 

amplifier and The 4th op-amp is used as a comparator to 

compare the saw tooth with the reference voltage and 

generate PWM with different pulse width. The 1st opamp is 

used as a Schmitt Trigger. The reference voltage for the 

Schmitt Trigger is set at Vcc/2 due to the potential divider 

input given to the inverting input of the opamp1. The Upper 

limit voltage is dependent on the integrator output. Also the 

lower limit depends on the integrator output.    

 
Fig.2: Output of combination of opamp1 and opamp 2 

 

The opamp2 acts as a miller’s integrator   this 

inverting type integrator. The slope of the integrated output 

depends on RC of the circuit. The opamp1 and opamp2 

together generates one triangle wave with Vcc/2 as 

reference line of symmetry. The 1st two sections of the quad 

op-amp form a triangle-wave generator, but now the third 

section is used as a low-gain amplifier, bringing the trough 

of the wave to just above zero volts and the peak to about 

10v or as  required by the design. 

 
Fig.3: Output of output of combination of opamp1 and 

opamp 2 (yellow line) and opamp 3(green line) 

The fourth op-amp section is connected as a 
comparator, comparing the triangle wave voltage with a 

reference voltage set by the potential divider R8 & VR1 as 

depicted in Fig.4. When the wave voltage goes above the 

voltage at the pot wiper, the comparator output goes high, 

else the comparator output goes low. With the pot turned 

fully clock-wise the wiper voltage is below about 0.5v and 

the load is on 100% of the time. Increasing the wiper 

voltage (by turning the pot anti-clockwise) reduces the duty 

cycle, and it's easy to set a minimum speed just by changing 

the value of R8. Above is the effect of a low reference 

voltage as given in Fig.4 with the output "on" for most of 

the time and below the reference voltage is near maximum 
giving a low duty cycle as shown in Fig.5. 

 
Fig.4: Output of 4

th
 opamp section as comparator: effect of a 

low reference voltage 
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Fig.5: Output of 4th opamp section as comparator: effect of a 

near maximum reference voltage 

With the 10k pot, a 1k resistor will give 0–100% 

control which is OK as given in Fig.6 for model motors or 

lighting, 10k will give around 5v–12v range, more suitable 

for cooling fans. VR1 can be changed to a 47k pot if it suits 

you better, changing R8 to 4k7–47k depending on your 

required minimum.C1 – This is the timing capacitor, and 

with the 47k timing resistor R1 and wave amplitude control 
resistors R2 (22k) & R3 (10k) gives a PWM frequency of 

around 117 Hz according to the formula Frequency = R2 / (4 

x R3 x R1 x C1) Not to change R2 or R3, but you can alter 

R1 and/or C1 if you want to try different frequencies.  

Finally that output signal is fed to the PWM converter as 

input signal. 

 
Fig.6: Schematic diagram of PWM Generator 

 
                              Fig.7: PWM Converter 

 Here 2 AND gate ids used. For each AND gate 2 

input signal, one 10K resistor, two 4148 diode is used. For 

first AND gate one input from 50 Hz square wave oscillator 

& another input from PWM generator is used For second 

AND gate one input from 50 Hz square wave oscillator & 

another input from PWM generator is used. The second 

input from PWM generator connects to the second AND 

gate indirectly i.e, from second input of first AND gate to 

second input of second AND gate. The output of each AND 

gate goes to MOSFET driver circuit. It uses the principle 

when both the input signal is in on state output will be on 

i.e., from truth table 1*1=1 which is given in Fig.7. 

C. MOSFET Driver: 

MOSFETs come in four different types. They may be 

enhancement or depletion mode, and they may be n-channel 

or p-channel. We are only interested in n-channel 

enhancement mode MOSFETs, and these will be the only 

ones talked about from now on. There are also logic-level 

MOSFETs and normal MOSFETs. We can use either type.  

 

(a)                       (b) 
Fig.8: (a)Terminal diagram of MOSFET and (b) 

Characristics of MOSFET 

The source terminal is normally the negative one, 

and the drain is the positive one (the names refer to the 

source and drain of electrons). The diagram as given in 

Fig.8(a) above shows a diode connected across the 

MOSFET. This diode is called the "intrinsic diode", because 

it is built into the silicon structure of the MOSFET. It is a 

consequence of the way power MOSFETs are created in the 

layers of silicon, and can be very useful. In most MOSFET 
architectures, it is rated at the same current as the MOSFET 

itself. In this sub section its aspect is to invert the ZCD 

input, for that a transistor is used as a driver which is 

configured as a switch or inverter. The application of the 

transistors is not limited solely to the amplification of the 

signals. Through proper design transistors can be used as 

switches for computers and control applications. The 

network of Fig.8(b) can be employed as an inverter in 

computer logic circuitry. Note that the output voltage Vc is 

opposite to the applied to the base or input terminal. In 

addition note the absence of dc supply connected to the base 

circuit. The only dc source is connected to the collector or 
output side, and for computer applications is typically equal 

to the magnitude of the ―high‖ side of the applied signal – in 

this case 5V. Proper design for the inversion process 

requires that the operating points switch from cut-off to 

saturation along the load line depicted in above as given in 

Fig.8(b). For our proposes we will assume that IC = ICEO = 

0mA, when IB = 0µA (an excellent approximation in light of 

improving construction techniques), as shown in above 

Fig.8(b). In addition, we will assume that VCE = VCE sat = 

0V. When Vi = 5v, the transistor will be ―ON‖ and design 

must insured that the network is heavily saturated by a level 
of IB greater than that associated if the IB curve appearing 

near the saturation level. This requires that IB> 50µA. The 

saturation level for the collector current for the circuit is 

defined by, 

IC = VCC / RC 
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 The level of IB in the active region just before 

saturation results can be approximated by the following 

equation, 

IB max ≈ IC sat / βdc 

 For the saturation level we must therefore insure 

that the following condition is satisfied: 

IB max >IC sat / ɓdc 

 For the network of the above figure (b), when Vi = 

5v the resulting level of IB is  

IB = Vi ï 0.7 / RB 

= 5v – 0.7 / 1.5k 
= 2866µA 

IC sat = VCC / RC 

= 5v / 10kÝ 

= 0.5mA 

Testing the above equations give as 

IB =2866µA > IC sat / βdc = 0.5mA / 300  which is satisfied. 

Certainly any level of  IB greater than 2866µA will pass 

through a Q- point on the load line that is very close to  the 

vertical axis. Finally output signal is used as input signal for 

mono-shot or Transformer. Current Transformer (CT) is 

used. Transformers used in pulse or digital circuits are 
known as pulse Transformers. Pulse Transformers are quite 

small in size and have comparatively few turns so that the 

leakage reactance is minimized. The cores are constructed or 

wound strips of high permeability alloys which help in 

achieving a high magnetizing inductance so that the tilt of 

the pulse top is kept within permissible limits. Here multiple 

square wave used as a input of this Transformer in 6-12V, 5 

A side. The output evolved from another side of 

Transformer which is a rating of 200-230 V. The output of 

Transformer is used here for lighting a bulb. Output can be 

used for any home appliances as it is 200-230V. 

IV. FABRICATION AND RESULT ANALYSIS 
The Fig.9 shows as positive terminals of 50Hz square wave 

generator, PWM generator & AND Gate circuits are 

interconnected. Negative terminals of 50Hz square wave 

generator, PWM generator & MOSFET terminals are 

interconnected. 12V battery source is used for giving input 

signal. Positive terminals are connected to battery’s positive 

terminal while negative terminals are connected to battery’s 

negative terminal as given in Fig.10. A relay circuit (shown 

in Fig.11) is used to trip the supply if the battery is 

overcharged, i.e., if over voltage or current passes through 

relay it changes from NC (normally closed) state to NO 
(normally open) as given in Fig.12 and the power can’t pass 

the relay. All power goes to circuit through relay so that it 

operates safely when there is below rated voltage. Output of 

square wave generator which is shown in Fig.15 in hardware 

and Fig.16 waveform & PWM generator (given in Fig.17 if 

its fabrication and waveform in Fig.18) goes to two AND 

Gate shown in Fig.17 as input and output of two AND gate 

(as given in Fig.18) goes to MOSFET Driver circuit which 

is shown in Fig.19 as input. Output of MOSFET driver 

circuit goes to transformer input (6-12V,5A) side (shown in 

Fig.20) and output of Transformer is 200-230V as given in 

Fig.21, which is used here lighting the Bulb. The output 
signal of the bulb is given in Fig.22. Fig.23 shows the 

battery charger circuit. When the battery supply is OFF or 

ON given in Fig.24 and 25 respectively. Fig.26 is depicted 

as simultaneously battery charging with power supply from 

battery to Inverter  

 
             Fig.9: Inverter power control circuit 

 
Fig.10: Power supply fabricated hardware 

 
Fig.11: Relay circuit on hardware 
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Fig.12: Power supply DC output voltage 

 
Fig.13:50Hz square wave generator on hardware 

 
Fig.14: 50Hz output waveform 

 
Fig.15: PWM generator circuit on hard ware 

 

 
Fig.16: Output wave form of PWM generator circuit 

 
Fig.17: Two AND Gate on hardware 

 
Fig.18: Output wave form of AND Gate 
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Fig.19: MOSFET Driver Circuit on hardware 

 
Fig.20: Input side of Transformer 

 
Fig.21: Output side of Transformer 

 
Fig.22: Output wave form of Transformer 

 
Fig.23: Battery Charger circuit 

 
Fig.24: Inverter when the battery supply is OFF 



Modeling, Design and Analysis with Implementation of an UPS Prototype Using PWM 
(IJRTS/Vol. 1/Issue 5/April. 2014) 

 

 Copyright© IJRTS | www.ijrts.com 62 

 
Fig.25: Inverter when the battery supply is ON 

 
Fig.26: Simultaneously Battery Charging with power supply 

from Battery to Inverter 

V. CONCLUSION 

An UPS provides protection of load against line frequency 
variations, elimination of power line noise and voltage 

transients, voltage regulation and uninterruptible power for 

critical loads.The amount of power that the UPS must 

supply also depends on these specific needs. These needs 

can include emergency lighting for evacuation, emergency 

perimeter lighting for security, orderly shutdown of 

manufacturing or computer operations, continued operation 

of life support or critical medical equipment, safe operation 

of equipment during sags and brown outs and a combination 

of the proceeding needs.The paper is designed in the 

laboratory and found to be operating very stably in the 

laboratory condition.Every system should have an UPS as it 
can be considered as a source of standby power or 

emergency power depending on the nature of the critical 

loads. In case of emergency situation it acts as an alternate 

or backup source of power.The system is designed with in 

limited time and cost. This paper can be expanded to a high 

wattage o/p using multistage amplifier and power 

transformer. Similarly this can be further improved to PWM 

sine wave inverter also. 
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