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Abstract – This paper presents design analysis and implementation of a 0.5KVA uninterruptible electronic power stabilizer (UPSz). Poor and 
instability of power supply delivery in Nigeria necessitated the need for a device that can stabilize voltage, protect equipment from damages and 
also provide power to the loads in the absences of electricity from the utility mains. This need motivated the design of a power stabilizer (UPSz). 
Method of Pulse with modulation (PWM) was adopted. This method is capable of modulating a varying input to a stabilized output. Two input 
sources were considered; a fluctuating 220V volt mains supply and a constant 12V battery. The 12V battery was rectified to provide an AC power 
supply to the load in the absence of the utility mains. The control circuit ensured a stabilized output voltage from input range of 140V to 260V AC 
power supply which is about ±40V to the usual supply voltage from the utility mains of 180V-220V in Nigeria. Appropriate protection circuits were 
incorporated against surges to which ensured the safety of home/office appliances. A variac was used to obtain various AC voltage levels during the 
testing. The voltage and current results at different loadings (in watts) of the UPSz were obtained. These results were compared with those of 
commercially readily available offline UPS of the same rating. The UPSz unlike the commercially available types delivered a stabilized voltage of 
220V to different loads of 60W to 400W range at a fluctuating input voltage range of 140V to 260V. This showed that the designed UPSz is an 
improved and better device than the offline equivalent. Other advantages include portability (light weight) and less expensive (relatively cheap). 

Key words: uninterruptible power supply, stabilizer, variac, pulse width modulation.  

I. INTRODUCTION 

 

The need for reliability in power supply has obviously been with humanity for many years. With the increase use of electrical power and electronic 
device, the urge for continuous electric power supply and reliability has become an increasing concern. In developing countries such as Nigeria, the 
grid is still very unstable. Several blackouts and disruptions during the day are not unusual. Even highly developed countries such as Germany 
experience an average of 100mains failures per year lasting less than 20 ms and about 30 failures lasting between 20 ms and 1s [1]. Alternating 
current power problems have been recognized by the utility companies, computer manufacturers and end users as a subject that must be addressed. 
The power problems extend from spikes, noise and frequency variations to complete black-outs. These problems can be corrected individually using 
surge suppressors, filters, regulators, and amplifiers. The use of uninterruptible power supply system (UPS) can collectively solve all these problems 
[2] rather solving them independently.  
 
2. THE UNINTERRUPTIBLE POWER SUPPLY (UPS) 
The UPS is a unit composing of a range of solid-state devices, which are interconnected based on their respective functional principles to provide 
required unit function of protection against power supply aberrations and failure. Because these units are composed of solid state devices they are 
often described as static UPS units, as opposed to rotary systems which are based on motor/generator technology [3] 
A UPS typically does two things [4]: It either provides power to enable the safe shutdown of equipment and saving data to a non-volatile medium, 
or it provides power to equipment over the duration of mains fault/failure, enabling equipment to operate continuously. 
The uninterruptible power equipment which were called the no-break power supplies were of rotary design. These appeared during the 1950’s. [5] 
stated that the need for it at that time was related to defense equipment such as communication and radar. Although, many arrangements and devices 
were tried by the year 1939 to 1945 for military purpose during the war to supply continuous power to communication equipment in military bases. 
The development obviously continued after the war. The research became more focused on achieving greater reliability, increase efficiency and 
reduction in maintenance. In accordance to this, a breakthrough occurred in the 1950’s and was called the no-break power supply. The operation of 
the no-break power supplies was for power to be supplied through the rectifier to the DC motor which is in turn powered an AC generator. On loss 
of mains, the battery became the energy source and enabled the generator to supply uninterruptible power. 
In time, various rotary systems in the UPS were changed and replaced with solid state device which led to increase in performance, efficiency, 
duration, reduced cost and wide application use. As time goes on, the UPS has become a product that no business can do without, appearing in 
various forms such as the offline UPS, online UPS and line interactive with its use basically essential in areas with constant power failure, electrical 
disturbance or fluctuations.  
It is clearly evident that for every electrical and electronics equipment, power is required for their operation. And for these equipment to operate 
properly and at maximal output they must operate within the voltage range for which they are designed otherwise damage to equipment and 
appliances will occur. According to [6], the situation of voltage fluctuation is very common within the Nigeria power supply system owing to a 



 

number of reason ranging from over loading of supply lines and tr
lines etc. The offline UPS is the most widely sold and used UPS around the world followed by the line interactive UPS
associated with the offline include; 

• Zero ability to stabilize or condition input voltage levels

• Provided little or no surge protection 
There is evident need of protection device such as the automatic voltage regulator, stabilizers etc to limit the fluctuat
home appliances at a safe voltage range and at the same time providing uninterruptible power to the same appliance.
power outages, sags, surges, harmonics etc are prevented 
nowadays are increasingly being equipped with digital circuitries for increased functions and better performance. These digit
sensitive to fluctuation and power outages. All applications of digital electr
supply. Hence the need for a device that incorporates the stabilization of power output and can also temporarily supply power
power outage were highly recommended. 
For the above reason, technically incorporating a voltage stabilizer into the working principles of an offline UPS 
produced an enhanced and more functional offline UPS. The stabilizer help
a normal voltage of 220V.  
Latest technologies in this field includes parallel processing line interactive uninterruptible power supply for sudden volta
management, Uninterruptible power supply using solar rechargeable battery, a micro
fuzzy logic controlled uninterruptible power supply integrating renewable energy. Most of which are focused on increasing the
during battery mode, the UPSz is focused on eliminating damages and malfunctions originated by voltage fluctuation.
 
 
3. UNINTERRUPTIBLE POWER STABILIZER (
An interruptible power stabilizer (UPSz) is a device that has both the ability of an offline UPS combined with that of a volt
stabilizer unit regulates the voltage spikes, under voltage, surge protection with other unprecedented ef
unit provides the DC voltage to the load when the main grid or power supply fails.
The main focus of the UPSz is to prevent voltage fluctuation
acting as an intermediary between the load and the power supply line 
the load receives uninterrupted power when main power from the grid gets inte

4.  DESIGN ANALYSIS AND IMPLEMENTATION
The UPSz operation involves two modes and within it are arranged solid state devices which ensure the proper operation of eac
system was designed to be simple, it is made up of two major parts which consist of the hardware and software. 
achieve easy triggering of the MOSFET switches during conversions. It was also used to issue commands to the various relays f
Pulse width modulation (PWM) techniques were adopted for the generation of pulses used for switching.
List of components- Microcontroller (PIC16RA76A)
Transistor, Transformer (220V/12V), Bridge Rectifier
diodes), Electromechanical Buzzer, Rechargeable Battery
 

The block diagrams of the system, alongside the simplified version are

      

number of reason ranging from over loading of supply lines and transformers to fluctuation caused by external transient and induction of power 
lines etc. The offline UPS is the most widely sold and used UPS around the world followed by the line interactive UPS

ability to stabilize or condition input voltage levels 

need of protection device such as the automatic voltage regulator, stabilizers etc to limit the fluctuat
same time providing uninterruptible power to the same appliance.

are prevented from adversely affecting the performance of the device. [7]
nowadays are increasingly being equipped with digital circuitries for increased functions and better performance. These digit
sensitive to fluctuation and power outages. All applications of digital electronics and computer-based system are worse hit by problems of power 
supply. Hence the need for a device that incorporates the stabilization of power output and can also temporarily supply power

incorporating a voltage stabilizer into the working principles of an offline UPS 
an enhanced and more functional offline UPS. The stabilizer helps to regulate the output voltage to the load 

Latest technologies in this field includes parallel processing line interactive uninterruptible power supply for sudden volta
olar rechargeable battery, a micro-controlled multi-powered uninterrupted power supply system, 

fuzzy logic controlled uninterruptible power supply integrating renewable energy. Most of which are focused on increasing the
the UPSz is focused on eliminating damages and malfunctions originated by voltage fluctuation.

3. UNINTERRUPTIBLE POWER STABILIZER (UPSz) 
An interruptible power stabilizer (UPSz) is a device that has both the ability of an offline UPS combined with that of a volt

, under voltage, surge protection with other unprecedented effect produced by voltage fluctuation, 
the DC voltage to the load when the main grid or power supply fails. 

voltage fluctuations and its resulting consequence during supply of power
acting as an intermediary between the load and the power supply line ensuring that a stable AC power is supplied to the load. It will also ensure that 
the load receives uninterrupted power when main power from the grid gets interrupted. 

IMPLEMENTATION OF UPSz 
The UPSz operation involves two modes and within it are arranged solid state devices which ensure the proper operation of eac

to be simple, it is made up of two major parts which consist of the hardware and software. 
achieve easy triggering of the MOSFET switches during conversions. It was also used to issue commands to the various relays f
Pulse width modulation (PWM) techniques were adopted for the generation of pulses used for switching. 

Microcontroller (PIC16RA76A), Diodes, Crystal oscillator, Opto-coupler, Resistors, Operational amplifier (LM358)
Bridge Rectifier, Voltage regulator (7805), Double winding transformer, Capacitors

Rechargeable Battery, Metal oxide semiconductor field effect transistor (MOSFET)

diagrams of the system, alongside the simplified version are shown below. 
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ansformers to fluctuation caused by external transient and induction of power 
lines etc. The offline UPS is the most widely sold and used UPS around the world followed by the line interactive UPS. The shortcomings 

need of protection device such as the automatic voltage regulator, stabilizers etc to limit the fluctuation of electrical power to the 
same time providing uninterruptible power to the same appliance. This device would ensure that 

[7] stated that electronic gadgets 
nowadays are increasingly being equipped with digital circuitries for increased functions and better performance. These digital circuits are very 

based system are worse hit by problems of power 
supply. Hence the need for a device that incorporates the stabilization of power output and can also temporarily supply power for the duration of 

incorporating a voltage stabilizer into the working principles of an offline UPS was done in this work which 
regulate the output voltage to the load so that the load would receive 

Latest technologies in this field includes parallel processing line interactive uninterruptible power supply for sudden voltage fluctuation for power 
powered uninterrupted power supply system, 

fuzzy logic controlled uninterruptible power supply integrating renewable energy. Most of which are focused on increasing the use of the UPS 
the UPSz is focused on eliminating damages and malfunctions originated by voltage fluctuation.  

An interruptible power stabilizer (UPSz) is a device that has both the ability of an offline UPS combined with that of a voltage stabilizer. While the 
duced by voltage fluctuation, the UPS 

g consequence during supply of power to the connected load when 
ensuring that a stable AC power is supplied to the load. It will also ensure that 

The UPSz operation involves two modes and within it are arranged solid state devices which ensure the proper operation of each mode.  Though the 
to be simple, it is made up of two major parts which consist of the hardware and software. A microcontroller was used to 

achieve easy triggering of the MOSFET switches during conversions. It was also used to issue commands to the various relays for specific actions. 

coupler, Resistors, Operational amplifier (LM358), 
Capacitors, LEDs (light emitting 

Metal oxide semiconductor field effect transistor (MOSFET). 
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Fig 1: Block diagram of the UPSz 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Simplified block diagram  

 

 

 
SPECIFICATION SYMBOL VALUES 

Nominal I/P AC Voltage VIN 220V 

Maximum I/P AC Voltage VINMax 260V 

Minimum I/P AC Voltage VINMin 140V 

Nominal I/P DC Voltage Vin 12V 

Maximum I/P DC Voltage Vin Max 14V 

Minimum I/P DC Voltage Vin Min 10V  

Nominal O/P Power Pout 400W 

Nominal Output Voltage Vout 220V 

Target efficiency ƞ >90% 

Switching frequency f 50KHz 

Device rating  500VA 

 
Table 1: Design specifications 
 
4.1: MODE OF OPERATION 
The device was designed to operate on two modes; 

• Mode I = Mains ON 

• Mode II = Mains OFF 
 

A. MODE I OPERATION 
When power is supplied from the mains, mode I is activated and power flow to the two rectifier’s K1 and K2 as shown in fig 1. Mode I has two 
branches; branch one and branch two. Branch one is the power stabilization unit while branch two is the simple power supply unit, (battery charging 
unit). 
 
I.  BRANCH ONE OF MODE I: THE POWER STABILIZATION UNIT 
The power stabilization unit consists of rectification and inversion. These in addition to overvoltage/under voltage protection circuits ensures that 
mode I stabilizes the utility power supply to 220 volts.  
 

i. RECTIFICATION (RECTIFIER, K1) 

The block labelled K1 in fig 1 is an AC-DC converter consisting of full bridge, four (4) diode rectifiers connected in the fashion shown in the circuit 
diagram of fig 3 
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Fig 3: Circuit diagram of the rectifier (k1) with filters. 

 

The AC power supply from the mains is first converted into direct current by rectifier k1 and filtered by the LC passive filter to smoothen the output 
voltage.  

Mathematically,  

The standard full bridge rectifier output voltage is given by; 

��� =  �
�� � �	 sin ��

�                        [8] (2) 

Which when evaluated gives; 

��� =  ��
� ����� + 1�                  (3) 

For a diode, � = 0.  

Thus  

��� =  ���
�                                   (4) 

Where 

��� = ��   
�	 = ����� ����� ! ��"� ∗ √2,                        [9] (5)  

The max voltage entering the rectifier = Vm    

� = &�'��  �� �!. )��*!� ���� +! &�'!* ��* �� ℎ�-! .!'� &�'��  �� �!.  
Vs = V1 = voltage from the mains = 220V 

Therefore  

Vm = 220 x √2  = 311.12V 

Vm = 311.12V 

Therefore,  

��� =  � ×�00.0�
�.01�  = 198V 

Hence Vdc = V3. 

The efficiency of the rectifier K1 is given by 

Ƞ = (Output voltage / Input voltage) x 100                   [9] (6) 

   = (198V/220V) x 100 = 0.9 x 100 = 90% 

And so the efficiency of the rectifier K1 is 90% 

 

ii. INVERSION (LINE DC-AC CONVERTER, K11) 
 

Converter K11 converts the rectifier output voltage, ��� = �� back to an alternating voltage, V4. The line DC-AC converter (K11 as labelled in 
fig.1) operates during mode I and gets its input DC voltage source from the output of rectifier K1. The MOSFETs used by the converter is 
IRF3205N – channel MOSFET connected in half-bridge fashion. Where Q2 and Q3 shown in fig 4, represents the MOSFET switches used. 

V3 



 

  
Fig 4: Half-bridge DC-AC converter connected to a 

The converter uses a half bridge technique to produce the required AC voltage into the primary of the output transformer. Fro
in fig 4, the gates of the MOSFETs Q2 and Q3 get their gate pulse from pin 21 and pin 22 of the microcontroller through the 1k
V4 is connected to the transformer (T2) tappings. It is such that when Q
transformer winding (T2) and when Q3 is turned ON, Q
of the MOSFETs channels will start an alternating current in the
the output transformer to the load.  

The standard half-bridge DC-AC converter output voltage is given as;

�2 =  ∑ �
� 4� �56

�
��

7 sin �� *�89:;0,�,=…..           

This is simplified to get; 

�2: =  ∑ ��56
:� sin ��9:;0,�,=…..    

Thus; 

�2: ?	" =  ��56
:�√� @ √�

√� =  �√��56
:��  = 

√��56
:�    

Where n is the harmonics introduced by the switching of the MOSFETs.

Where Vdc is the source voltage which is 198V 

Thus the fundamental Vorms value is given by; 

�

The voltages for the first five harmonics gotten as; 

V (3) = Vfund / 3                  

V (3)= 89.12 / 3= 29.7V 

V (5) = Vfund/ 5                   

V (5)= 89.12/ 5 = 17.8V 

V (7) = 12.7V, V(9) = 9.9V, V(11) = 8.1V 

The RMS value by harmonic summation method 

 
 Microcontroller 

The converter uses a half bridge technique to produce the required AC voltage into the primary of the output transformer. Fro
get their gate pulse from pin 21 and pin 22 of the microcontroller through the 1k

. It is such that when Q2 is switched ON, Q3 is switched off and current flows through to the 
is turned ON, Q2 is OFF also current flow through the transformer winding (T

of the MOSFETs channels will start an alternating current in the winding of the output transformer T2. This way an AC power is transferred from 

AC converter output voltage is given as; 

       [10] (7) 

               (8) 

               (9) 

Where n is the harmonics introduced by the switching of the MOSFETs. 

�20 ?	" =  2 ∗ 198
1 ∗ C√2 =  √2  ∗ 198

1 ∗ C = DE. FGH 

                            (10) 

                            (11) 
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The converter uses a half bridge technique to produce the required AC voltage into the primary of the output transformer. From the circuit diagram 
get their gate pulse from pin 21 and pin 22 of the microcontroller through the 1kΩ resistor while the 

is switched off and current flows through to the 
is OFF also current flow through the transformer winding (T2). The switching ON and OFF 

. This way an AC power is transferred from 



 

�7 ?	" =  IJ���KL:�� + ����� +  ���=� +  ���M� + 

�7 ?	" =  IJ89.12��KL:�� +  29.7���� +  17.8��=� +  12.7��M� +  9.

Thus the converter output voltage, V4 as indicated in figure 1

This output voltage of the converter is then fed to the 

Efficiency of the line DC-AC converter is obtained as

Efficiency (ƞ) = (output power / input power) x 100%

O =  

Therefore the line DC-AC converter has an efficiency of 98%.

II. BRANCH TWO OF MODE I: POWER SUPPLY UNIT

The branch two of mode I is the power supply unit responsible for charging of the battery, B1. The AC power from the mains 
using 220/12V transformer T1 before supplying to rectifier, K2.
charge the battery. 

Fig 5. Circuit diagram of the Rectifier K2 with transformer T

The standard output voltage of the rectifier K2 is given by the same equation (2) through to (5)
   
Where in this case, 

��� = �=,  �	 = ����� ����� ! ��"� ∗ √2, 
� = &�'��  �� �!. )��*!� ���� +! &�'!* ��* �� ℎ�-! .!'�
 
Vs= Secondary voltage of the stepped down transformer = V

The max voltage entering the rectifier = Vm. Therefore from the transf
V2 = Vs = Vout from the transformer, 
Vm = Vs x √2 
       = 12V x √2  = 16.97V 
The output DC voltage from the rectifier can be gotten by,
Vdc = V5 = 2Vm/ π 

��� =  � ×0P.QM
�.01�    = 10.8V. 

 
10.8V DC is the voltage being filtered by the capacitor. A voltage regulator of 7812 series was used to regulate and maintain the DC output at 12V. 

The 12V is feed to the battery in order to charge it. T

To obtain the efficiency of the rectifier K2, same approach as in rectifier k1 was adopted and is given by;

 ���Q� +  ���00�R  

.9��Q� +  8.1��00�R  

�7 ?	" =  √9466.2 =  97.29V  
as indicated in figure 1, is calculated to be; 

�7 ?	" =  97.29V =  �1 

This output voltage of the converter is then fed to the center-tap transformer T2 as labelled in fig.1. 

AC converter is obtained as 

) = (output power / input power) x 100% 

 �7 ?	" ∗ V
��� 2W ∗ V =   �7 ?	"��� 2W =  97.29

198 2W @ 100% = ED% 

AC converter has an efficiency of 98%. 

BRANCH TWO OF MODE I: POWER SUPPLY UNIT 

The branch two of mode I is the power supply unit responsible for charging of the battery, B1. The AC power from the mains 
rectifier, K2. The output of the transformer is in a ratio proportional to the voltage required to 

 

Circuit diagram of the Rectifier K2 with transformer T1 

s given by the same equation (2) through to (5) 

.!'� &�'��  �� �!. 

= Secondary voltage of the stepped down transformer = V2 = 12V 

. Therefore from the transformer to the rectifier 

The output DC voltage from the rectifier can be gotten by, 

the capacitor. A voltage regulator of 7812 series was used to regulate and maintain the DC output at 12V. 

The battery automatically starts to charge whenever the main supply is available

efficiency of the rectifier K2, same approach as in rectifier k1 was adopted and is given by; 
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The branch two of mode I is the power supply unit responsible for charging of the battery, B1. The AC power from the mains was stepped down 
The output of the transformer is in a ratio proportional to the voltage required to 

the capacitor. A voltage regulator of 7812 series was used to regulate and maintain the DC output at 12V. 

whenever the main supply is available. 



 

 

Ƞ = 
2LZ[LZ [2\]?
^:[LZ [2\]?  @ 100%     

Ƞ = 
07._� ` ^
0�� ` ^  × 100   = 0.9 x 100= 90% 

 
Where I is current. 
Thus the efficiency of the rectifier K2 is 90% which corresponds to the efficiency of rectifier k1.
 
B. MODE II OPERATION (BACK UP POWER SUPPLY

This is when the power from the utility is interrupted and the load is automatically connected to the output of the 
The automatic changeover is achieved using static switches incorporated to the microcontroller. The switching is in microseco
consists of a 12V battery (standby battery), a DC-DC converter, low battery circuit an
load. 

I. THE BATTERY, B1 
The battery used for the design of the UPSz is a 50Ah, 12V lead acid battery
minimum acceptable voltage level at which the battery can function effectively is 12 x 0.8= 9.6V (An assumption of 10 volt minimum was made in 
this work to take care of tolerance as shown in table 
14V was made in the work for tolerance purpose).  
The performance of mode II depends on the connected battery. The battery backup time can be calculated thus;
 

 Battery backup time = (battery Ampere-hour (AH) x battery voltage (V) x Number battery (N) x efficiency of the battery (
 

Backup-Time = 
ab c d c e c ƞ

g                 
 

Where battery AH = 50Ah, Efficiency (ƞ) = 0.8 (worse power 
appliances), Battery voltage = 12V, N = 1 battery, Load = 400W.
Therefore, 

Backup-Time = 
=7 c 0� c 0 c 7._

177   

           = 1.2 hours = 1hour 12mins. 
NB: for a lesser load (in watts), the back-up time becomes more.
 

 
II. THE DC-DC CONVERTER 
A DC – DC converter circuit shown in fig 6 was connected to the battery so as to supply a power of 5v to the control unit

Fig 6:  Diagram of the DC

The 12V standby battery supplies power to the DC-
ripples contained in the regulated DC voltage. The voltage regulator regulates the input 12V to 5V. Capacitor
5V output voltage to remove ripples that might be present.
The main advantage of using this very type of linear DC

replaceable if damaged. It has an efficiency of 45% which is typical for linear regulators.

 
III. THE STANDBY DC-AC CONVERTER, K22
This converter, K22 just like converter, k11 uses a half bridge technique in producing the required AC output voltage to the 
transformer T3. Its input voltage is from a 12V standby battery. To calculate the output voltage, V
equation governs the process. 

             (12) 

which corresponds to the efficiency of rectifier k1. 

BACK UP POWER SUPPLY) 

This is when the power from the utility is interrupted and the load is automatically connected to the output of the 
The automatic changeover is achieved using static switches incorporated to the microcontroller. The switching is in microseco

DC converter, low battery circuit and a (standby) DC-AC converter supplying the power to the 

The battery used for the design of the UPSz is a 50Ah, 12V lead acid battery. It has a power factor (Pf) of 0.8 as stated on its name plate
age level at which the battery can function effectively is 12 x 0.8= 9.6V (An assumption of 10 volt minimum was made in 

of tolerance as shown in table 1) while the maximum acceptable level for charging the battery is 14.4V (An assump

The performance of mode II depends on the connected battery. The battery backup time can be calculated thus; 

hour (AH) x battery voltage (V) x Number battery (N) x efficiency of the battery (

 [11] (13) 

) = 0.8 (worse power factor for standard home appliance always written on the name plate of the 
appliances), Battery voltage = 12V, N = 1 battery, Load = 400W. 

up time becomes more. 

was connected to the battery so as to supply a power of 5v to the control unit

 
:  Diagram of the DC-DC converter connected to the battery (B1) 

 
-DC converter (DC regulator of 7805 series); at this point, capacitor, C3 begins to filter out the 

he voltage regulator regulates the input 12V to 5V. Capacitor, C4 of the value 100µF/25V filters the 
5V output voltage to remove ripples that might be present. 
The main advantage of using this very type of linear DC-DC converter is because it is easy to construct and also purchase. Making it easily 

maged. It has an efficiency of 45% which is typical for linear regulators. 

AC CONVERTER, K22 
This converter, K22 just like converter, k11 uses a half bridge technique in producing the required AC output voltage to the 

. Its input voltage is from a 12V standby battery. To calculate the output voltage, V6 (labelled in fig.1
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This is when the power from the utility is interrupted and the load is automatically connected to the output of the standby DC-AC converter, k22. 
The automatic changeover is achieved using static switches incorporated to the microcontroller. The switching is in microseconds. This mode 

AC converter supplying the power to the 

. It has a power factor (Pf) of 0.8 as stated on its name plate. Thus, the 
age level at which the battery can function effectively is 12 x 0.8= 9.6V (An assumption of 10 volt minimum was made in 

1) while the maximum acceptable level for charging the battery is 14.4V (An assumption of 

hour (AH) x battery voltage (V) x Number battery (N) x efficiency of the battery (ƞ) ÷ load in watts 

factor for standard home appliance always written on the name plate of the 

was connected to the battery so as to supply a power of 5v to the control unit. 

DC converter (DC regulator of 7805 series); at this point, capacitor, C3 begins to filter out the 
, C4 of the value 100µF/25V filters the 

DC converter is because it is easy to construct and also purchase. Making it easily 

This converter, K22 just like converter, k11 uses a half bridge technique in producing the required AC output voltage to the primary of the output 
(labelled in fig.1) from this converter, K22, same 



 

Where Vdc is the source voltage of the battery which is 12V

Thus the fundamental Vorms value is given by; 

�20 ?	" =  �∗0�
0∗�√� =  √� ∗0�

0∗� = h. iH  

As long as switching is concerned, harmonics have to be present which is due to switching transient. 

V (3) = Vfund / 3                   

V (3)= 5.4 / 3= 1.8V 

V (5) = Vfund/ 5                   

V (5) = 5.4/ 5 = 1.08V 

V (7) = 0.77V, V(9) = 0.6V, V(11) = 0.49V 

The RMS value by harmonic summation method 

�7 ?	" =  IJ���KL:�� + ����� +  ���=� +  ���M� + 

�7 ?	" =  IJ5.4��KL:�� +  1.8���� +  1.08��=� +  0.77��M� +  0.6��Q

�7 ?	" =  √34.7594 =  h. DEhH 

Thus the converter output voltage, V6 as indicated in 

This output voltage of the converter is then fed to the centre

Efficiency of the standby DC-AC converter is obtained as

Efniciency �ƞ� =  �r s�t∗^
�56 �W ∗^ =   �r s�t�56 �W =  =._Q=

0� �W = ED%            

Therefore the line DC-AC converter has an efficiency of

The gates of the MOSFETs Q4 and Q5 get their gate pulse from pin 15 and pin 16 of the microcontroller through the 1k
connected to the MOSFETs channels. It is such that when Q
winding (T3) and when Q5 is turned ON, Q4 is OFF also current flow through the transformer winding (T
MOSFETs channels will start an alternating current in the winding of the output transf
output transformer to the load.  

is the source voltage of the battery which is 12V 

As long as switching is concerned, harmonics have to be present which is due to switching transient.  

                            (14) 

                            (15) 

 ���Q� +  ���00�R  

Q� +  0.49��00�R  

as indicated in figure 1 is calculated to be; 

�7 ?	" =  5.895V =  �P 

This output voltage of the converter is then fed to the centre-tap transformer T3 as labeled in fig 1. 

AC converter is obtained as; 

                          (16) 

AC converter has an efficiency of 98%. 

get their gate pulse from pin 15 and pin 16 of the microcontroller through the 1k
connected to the MOSFETs channels. It is such that when Q4 is switched ON, Q5 is switched off and current flows through to the transformer 

is OFF also current flow through the transformer winding (T3). The switching ON and OFF of the 
MOSFETs channels will start an alternating current in the winding of the output transformer T3. This way an AC power is transferred from the 
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get their gate pulse from pin 15 and pin 16 of the microcontroller through the 1kΩ resistor while the Vdc is 
flows through to the transformer 

). The switching ON and OFF of the 
. This way an AC power is transferred from the 



 

Fig 7: circuit diagram of the standby DC

Note: Both modes (mode I and mode II) are controlled by the microcontroller to 
circuits were incorporated within Mode I to take care of the voltage fluctuations.

 
 
IV. LOW BATTERY CIRCUIT 

This is the circuit that monitors and sends signals 
microcontroller monitors the change in the threshold of the battery output voltage and runs a quick shut down program to turn
certain threshold has been reached.  

Fig 8: The low battery circuit interfacing with the microcontroller

 
 
 
 
4.2: THE PULSE WIDTH MODULATION (PWM)

Voltage stabilization was achieved by controlling the duty cycle of the MOSFET switches using pulse width modulation (PWM). T
majorly affects or concerns the varying AC supply voltage from the mains and it is associated by two comparis
over voltage control process. Pulse width modulation method offers excellent performance such as light line, load regulation 
voltage variations [12]. 

PWM (pulse width modulation) is the approach used to control the ON and OFF time (duty cycle) of the associated power switche
channel MOSFET). Naturally, a change in the input voltage will result to 
input voltage would produce a variable output voltage. Therefore, to obtain a constant output voltage from a variable input v
current level of the input voltage has to be adjusted in order to achieve a constant output voltage as expected.
modulation involves adjusting the width of the pulse required to switch the MOSFETs gate open and close so as to adjust the v
level passing through the gate of the MOSFETs to produce the required output power.

The precise PWM pattern used to control the gate of the MOSFETs Q
which monitors the output voltage and increases or decreases the mark
correct output voltage. In order to achieve stabilization of the output voltage, the processor system in the microcontroller 
phase of the utility voltage for maintaining synchronism between the DC
The synchronism was done by a zero cross over detector in the microcontroller PIC16RA76A which monitors the
voltage, this provides the processor with both frequency and phase information. This information is needed so as to adjust th
the PWM drive signal which controls the gate of the MOSFETs.

By controlling the gate of the MOSFETs Q2 and Q3 
was regulated to give the desired output power to the terminals of the transformer. The transformer (T
required output power. If the filtered output from the AC
feedback applied to the PWM controller varies the duty cycle to maintain a constant o
microcontroller PIC16RA76A with a pulse frequency of 50 KHz

5. CONTROL UNIT 

circuit diagram of the standby DC-AC converter interfacing the transformer T

Both modes (mode I and mode II) are controlled by the microcontroller to achieve the fast execution of the separate operation. Protection 
circuits were incorporated within Mode I to take care of the voltage fluctuations. 

signals to the microcontroller when the voltage of the battery drops to a 
microcontroller monitors the change in the threshold of the battery output voltage and runs a quick shut down program to turn

 
The low battery circuit interfacing with the microcontroller 

.2: THE PULSE WIDTH MODULATION (PWM) 

Voltage stabilization was achieved by controlling the duty cycle of the MOSFET switches using pulse width modulation (PWM). T
or concerns the varying AC supply voltage from the mains and it is associated by two comparison 

over voltage control process. Pulse width modulation method offers excellent performance such as light line, load regulation 

PWM (pulse width modulation) is the approach used to control the ON and OFF time (duty cycle) of the associated power switche
channel MOSFET). Naturally, a change in the input voltage will result to an immediate change in the output voltage which means that a variable 
input voltage would produce a variable output voltage. Therefore, to obtain a constant output voltage from a variable input v

s to be adjusted in order to achieve a constant output voltage as expected.
modulation involves adjusting the width of the pulse required to switch the MOSFETs gate open and close so as to adjust the v

ssing through the gate of the MOSFETs to produce the required output power. 

The precise PWM pattern used to control the gate of the MOSFETs Q2 and Q3 is determined by an error detection circuit in the microcontroller 
ncreases or decreases the mark-to-space ratio of the PWM drive signal as necessary in order to maintain the 

correct output voltage. In order to achieve stabilization of the output voltage, the processor system in the microcontroller 
phase of the utility voltage for maintaining synchronism between the DC-AC converter output and the incoming mains (output of the rectifier K1). 
The synchronism was done by a zero cross over detector in the microcontroller PIC16RA76A which monitors the zero cross over point of the utility 
voltage, this provides the processor with both frequency and phase information. This information is needed so as to adjust th
the PWM drive signal which controls the gate of the MOSFETs. 

 with the precise PWM drive signal, the output voltage and current of the line DC
was regulated to give the desired output power to the terminals of the transformer. The transformer (T2) then steps 
required output power. If the filtered output from the AC-DC converter (which is the input voltage of line DC-AC converter) tends to change, the 
feedback applied to the PWM controller varies the duty cycle to maintain a constant output voltage. The gates of the MOSFETs are driven by the 
microcontroller PIC16RA76A with a pulse frequency of 50 KHz.  
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AC converter interfacing the transformer T3 

achieve the fast execution of the separate operation. Protection 

ltage of the battery drops to a level of about 10V. The 
microcontroller monitors the change in the threshold of the battery output voltage and runs a quick shut down program to turn the device off once a 

Voltage stabilization was achieved by controlling the duty cycle of the MOSFET switches using pulse width modulation (PWM). This process 
process called under voltage and 

over voltage control process. Pulse width modulation method offers excellent performance such as light line, load regulation and stability during 

PWM (pulse width modulation) is the approach used to control the ON and OFF time (duty cycle) of the associated power switches (IRF3205N – 
an immediate change in the output voltage which means that a variable 

input voltage would produce a variable output voltage. Therefore, to obtain a constant output voltage from a variable input voltage, the voltage and 
s to be adjusted in order to achieve a constant output voltage as expected. In other words, pulse width 

modulation involves adjusting the width of the pulse required to switch the MOSFETs gate open and close so as to adjust the voltage and current 

is determined by an error detection circuit in the microcontroller 
space ratio of the PWM drive signal as necessary in order to maintain the 

correct output voltage. In order to achieve stabilization of the output voltage, the processor system in the microcontroller monitors the frequency and 
AC converter output and the incoming mains (output of the rectifier K1). 

zero cross over point of the utility 
voltage, this provides the processor with both frequency and phase information. This information is needed so as to adjust the mark-to-space ratio of 

with the precise PWM drive signal, the output voltage and current of the line DC-AC converter 
) then steps up the input power to the 

AC converter) tends to change, the 
The gates of the MOSFETs are driven by the 



 

The control unit is responsible for proper and active functioning of the UPSz. It controls voltage regulations 
power from various sources and ensures that the load is not affected by any consequences of voltage fluctuations or irregular
consist of the microcontroller, an automatic control switch and the und
 

A. THE MICROCONTROLLER (PIC16RA76A)
The microcontroller used is called the PIC16RA76A and it is a powerful 200 nano second instruction executer, easy to program 
instructions), CMOS FLASH based 8-bit microcontroller. It has 28 pin package and it is compatible with the PIC16C5X, PIC12CXXX and 
PIC16C7X devices. It features include 256 byte of EEPROM data memory, 
(A/D) converter, 2 capture/compare/PWM functions. All this features makes it ideal for more advanced level A/D application in 
applications, industrial appliances and consumer applications.

It is basically the heart of the entire circuitry. The microcontroller 
generation of the PWM drive wave form monitoring the output voltage, DC
frequency locking of the output and input power supply.

Fig 9: the microcontroller interfacing various sections of the UPSz

B. AUTOMATIC CONTROL SWITCH 
The automatic control switch aims at signaling the microcontroller about the absence or interruption of power from the utilit
different source of power to be activated to serve the load.
switching the entire system from mode I to mode II and vice versa. It involves the use of an opto
HIGH or a LOW at its output which in turn is used to signal the microcontroller to switch modes.
 

Fig 10: Circuit diagram of the automatic control switch interfacing the microcontroller

The control unit is responsible for proper and active functioning of the UPSz. It controls voltage regulations processes, monitors the presence of 
power from various sources and ensures that the load is not affected by any consequences of voltage fluctuations or irregular
consist of the microcontroller, an automatic control switch and the under voltage/over voltage protection circuits. 

. THE MICROCONTROLLER (PIC16RA76A) 
The microcontroller used is called the PIC16RA76A and it is a powerful 200 nano second instruction executer, easy to program 

bit microcontroller. It has 28 pin package and it is compatible with the PIC16C5X, PIC12CXXX and 
PIC16C7X devices. It features include 256 byte of EEPROM data memory, self-programming, 2 comparators, 5 channels of 10

2 capture/compare/PWM functions. All this features makes it ideal for more advanced level A/D application in 
, industrial appliances and consumer applications. 

It is basically the heart of the entire circuitry. The microcontroller is used as the central control element for many primary functions such as 
generation of the PWM drive wave form monitoring the output voltage, DC-AC output current for overload and short circuit protection, phase and 

ut power supply. 

 

: the microcontroller interfacing various sections of the UPSz 

The automatic control switch aims at signaling the microcontroller about the absence or interruption of power from the utilit
different source of power to be activated to serve the load. This section is responsible for producing the signal needed by the microcontroller in 
switching the entire system from mode I to mode II and vice versa. It involves the use of an opto-isolator feeding a
HIGH or a LOW at its output which in turn is used to signal the microcontroller to switch modes. 

 
ircuit diagram of the automatic control switch interfacing the microcontroller
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processes, monitors the presence of 
power from various sources and ensures that the load is not affected by any consequences of voltage fluctuations or irregularities. The control unit 

The microcontroller used is called the PIC16RA76A and it is a powerful 200 nano second instruction executer, easy to program (35 single word 
bit microcontroller. It has 28 pin package and it is compatible with the PIC16C5X, PIC12CXXX and 

, 2 comparators, 5 channels of 10-bit analog-to-digital 
2 capture/compare/PWM functions. All this features makes it ideal for more advanced level A/D application in automotive 

is used as the central control element for many primary functions such as 
AC output current for overload and short circuit protection, phase and 

The automatic control switch aims at signaling the microcontroller about the absence or interruption of power from the utility mains in order for a 
This section is responsible for producing the signal needed by the microcontroller in 

ator feeding an NPN transistor to produce a 

ircuit diagram of the automatic control switch interfacing the microcontroller 



 

 
C. OVER VOLTAGE AND UNDER VOLTAGE PROTECTION CIRCUITS
This circuit was designed to monitor the input voltage from the mains and alert the microcontroller of the occurrence of an o
voltage. It does this by producing a HIGH or a LOW output signal to the pins 
amplifier configured as a comparator to compare the incoming AC voltage from the mains with a reference voltage.
 

I. UNDER VOLTAGE PROTECTION CONTROL CIRCUIT
This circuit was made to monitor the input voltage from the mains and produce a HIGH at its output when the input at the non
higher than the voltage at the inverting input terminal (
utility mains is below 140V. 

Fig 11

When the input voltage from the utility mains is below140V, the comparator compares the incoming voltage with the Vref and pr
its output terminal. The HIGH produced by the comparator signals the microcontroller of a low input voltage from the utility mains. The 
microcontroller then cuts off the flow of power through mode I by initiating the transfer of power to the load from the stand

mode II to avoid damages caused by low voltages or under voltage

II. OVER VOLTAGE PROTECTION CONTROL CIRCUIT
 

The same operational principle of the under voltage protection unit applies here, the design is such that the differential ou
go high when the voltage at the non-inverting input (+) is higher than the voltage at the inverting input (
voltage from the utility mains is above 260V. This time around, Pin2 of the comparator is the inverting input; pin 3 is the 
pin 1 is the differential output. 

Fig 12

When the input voltage from the utility mains is above 260V, the
its output pin to the microcontroller and the entire system is immediately switched to mode II to 
 
6. THE OUTPUT UNIT OF THE SYSTEM 
The output unit is made of the double winding center

A. THE DOUBLE WINDING CENTRE-TAP TRANSFORMER (T

The fabricated device (UPSz) is complex because it has two converters with two separate voltage sources controlled by one mic
the output of each DC-AC converters also differs from each other. This poses a problem of not being able to tie
to this, a double winding transformer with center tap or a 
transformer.  

UNDER VOLTAGE PROTECTION CIRCUITS 
This circuit was designed to monitor the input voltage from the mains and alert the microcontroller of the occurrence of an o

by producing a HIGH or a LOW output signal to the pins of the microcontroller. The circuitry comprises of an operational 
amplifier configured as a comparator to compare the incoming AC voltage from the mains with a reference voltage. 

UNDER VOLTAGE PROTECTION CONTROL CIRCUIT 
the input voltage from the mains and produce a HIGH at its output when the input at the non

higher than the voltage at the inverting input terminal (-) that is connected to the utility mains and this will only occur when the voltage 

 
Fig 11:  Diagram of over voltage protection circuit 

 

When the input voltage from the utility mains is below140V, the comparator compares the incoming voltage with the Vref and pr
The HIGH produced by the comparator signals the microcontroller of a low input voltage from the utility mains. The 

microcontroller then cuts off the flow of power through mode I by initiating the transfer of power to the load from the stand

mode II to avoid damages caused by low voltages or under voltage. 

OVER VOLTAGE PROTECTION CONTROL CIRCUIT 

The same operational principle of the under voltage protection unit applies here, the design is such that the differential ou
input (+) is higher than the voltage at the inverting input (-)mains and this will only occur when the 

This time around, Pin2 of the comparator is the inverting input; pin 3 is the 

 
Fig 12:  Diagram of over voltage protection circuit 

When the input voltage from the utility mains is above 260V, the comparator compares the incoming voltage with the Vref and produces a HIGH at 
its output pin to the microcontroller and the entire system is immediately switched to mode II to protect the load from 

center-tapped transformer and the alarm system. 

TAP TRANSFORMER (T2, T3) 

The fabricated device (UPSz) is complex because it has two converters with two separate voltage sources controlled by one mic
AC converters also differs from each other. This poses a problem of not being able to tie the two voltages together. In respect 

tap or a center tapped multiple winding transformer was used and the transformer is a step up 

11 

This circuit was designed to monitor the input voltage from the mains and alert the microcontroller of the occurrence of an overvoltage or under 
of the microcontroller. The circuitry comprises of an operational 

 

the input voltage from the mains and produce a HIGH at its output when the input at the non-inverting input (+) is 
) that is connected to the utility mains and this will only occur when the voltage from the 

When the input voltage from the utility mains is below140V, the comparator compares the incoming voltage with the Vref and produces a HIGH at 
The HIGH produced by the comparator signals the microcontroller of a low input voltage from the utility mains. The 

microcontroller then cuts off the flow of power through mode I by initiating the transfer of power to the load from the standby battery which is 

The same operational principle of the under voltage protection unit applies here, the design is such that the differential output of the comparator will 
mains and this will only occur when the 

This time around, Pin2 of the comparator is the inverting input; pin 3 is the non-inverting input while 

comparator compares the incoming voltage with the Vref and produces a HIGH at 
the load from an over voltage.  

The fabricated device (UPSz) is complex because it has two converters with two separate voltage sources controlled by one microcontroller. Hence 
the two voltages together. In respect 

tapped multiple winding transformer was used and the transformer is a step up 



 

This type of transformer has two primaries and two secondar
like two transformers in one, such that one primary and one secondary can be assigned as the transformer to a particular volt
connected to another voltage source but their various outputs are the same and can be tied together. In the case of this study, the transforme
called T2 and T3 in which T2 is connected to the DC
the output of the standby DC-AC converter (k22) (functions at mode II alone). The output voltage of the transformer is 220V.

The transformer ratio (A) for both T2 and T3 was obtained as thus:

If A 2 is the transformer ratio of T2, therefore; 

A2 = N2/ N1 = Vii/V i                      

Where Vii = 220V (output voltage of the transformer T

V i = 97.29V (input voltage of the transformer T2, which is also the output voltage of the line DC

 

Therefore,  

A2 = 220V/97.29 = 2.26 

thus, V7 in fig 3.1a can be obtained as;  

V7 = A2V4     

     = 2.26 x 97.29 = 220V. 

A3 is the transformer ratio for T3, therefore; 

 A3 = N2/ N1 = Vii/V i    

Where Vii = 220V (output voltage of the transformer T

V i = 5.895V (input voltage of the transformer T3, which is also the output of the standby DC

Therefore,  

A3 = 220V/5.895 = 37.32 

V7=A3V6 

     =37.32 x 5.895 = 220V 

The transformers are centre tapped (both T2 and T3) for voltage 
 

This type of transformer has two primaries and two secondary cascaded together as one with each having separate turn ratio or windings.  It is more 
like two transformers in one, such that one primary and one secondary can be assigned as the transformer to a particular volt

her voltage source but their various outputs are the same and can be tied together. In the case of this study, the transforme
is connected to the DC-AC converter (K11) output, meaning it functions during mode I alone and 
AC converter (k22) (functions at mode II alone). The output voltage of the transformer is 220V.

was obtained as thus: 

                           (17) 

= 220V (output voltage of the transformer T2) 

, which is also the output voltage of the line DC-AC converter) 

             (18) 

             (19) 

former T3) 

which is also the output of the standby DC-AC converter) 

) for voltage regulation purpose. 

 

12 

y cascaded together as one with each having separate turn ratio or windings.  It is more 
like two transformers in one, such that one primary and one secondary can be assigned as the transformer to a particular voltage source and the other 

her voltage source but their various outputs are the same and can be tied together. In the case of this study, the transformers are 
AC converter (K11) output, meaning it functions during mode I alone and T3 is connected to 

AC converter (k22) (functions at mode II alone). The output voltage of the transformer is 220V. 
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Fig 13: Diagram of the two DC-AC converters interfacing the microcontroller and the transformer 
 
Since the battery backup time is known, the output power and output current from the battery to the load during mode II can also be gotten as; 

Battery power = Pf x battery voltage x Ah           [13] (20) 

Where Pf = power factor = 0.8 (as specified on the name plate), Battery voltage = 12V, Ampere per hr = 50Ah 

Therefore, battery power = 0.8 x 12 x 50      = 480W 

Since the power flowing from the battery to the standby DC-AC converter is obtained to be 480W. The output power from the standby DC-AC 
converter can also be deduced as: 

Input Power x pf of the standby DC-AC converter = Power output    [14] (21) 

Pin x pf = Pout 

Pin = 480W (power of the battery entering the standby DC-AC converter), Pf = 0.98 (as calculated in earlier for the standby DC-AC converter) 

Thus; 

Power output (Pout) = 480 x 0.98    = 470.4W 

The output current (Iout) can be gotten as 

 Iout = Pout / Vout                      (22) 

Where Vout = V6 = 5.895V, Pout = 470.4W 

Iout = 470.4W / 5.895V   = 92.24A 

Where Iout = I6 

 The efficiency of the associated transformer T3 is given as 95-98% on full load. This is stated as specified by the manufacturer. In this work, a 
worse case efficiency of 95% was assumed. 

Therefore the output power from the transformer can be gotten as: 

Power output fromT3=Power input to T3 x efficiency of T3                   (23) 

where, PinT3 = Pout of the standby DC-AC converter = 470.4W, efficiency of T3= 0.95 

PoutT3 = 470.4 x 0.9  = 446.88W 

The output current I7 can be calculated as  

PoutT3= I7 x V7 x Pf                                           [14] (24) 

Or  

I7= PoutT3/ V7 x Pf                                              (25) 

Where PoutT3 = 446.88W as obtained earlier, V7 = 220V (Stepped up output of T3), pf = 0.95 (transformer efficiency) 

I7 =  
 11P.__

��7u7.Q=                      

I7 = 2.03A ≈ 2  



 

This current is the maximum current drawn by the load from the UPSz to maintain its recommended efficiency of 
we know the power input and the power output of the UPSz, the power loss of the device can then be obtained.
 

Power loss = power input (Pin) –

Where (Pin) = 480W, (Pout).= 446.88W 

Power loss = 480 – 446.88 = 33.12W 

Power loss = 33.12W 

This loss is as a result of the switching processes performed by the semiconductor dev

 
 
B. ALARM CIRCUIT 
The aim of the alarm unit is to signal the user about the interruption of power from the utility mains and also bringing to t
the fact that the UPSz is operating on battery mode or Mode II.
alarm circuit. From the program in the microcontroller, pin14 remains LOW at no signal detection. As the device (UPSz) switch
mode II, a signal is detected and a HIGH appears across pin14.

It is such that the program in the microcontroller stimulates for the production of the signal to the transistor which switch
continuously to produce a beeping sound at equal interval. The beeping sound continues to occur until the mode I is restored and the pin14 of the 
microcontroller returns to its LOW state or the device completely shuts down.
 
7.  PACKAGING  

The complete unit was housed in a metallic black casing. Battery terminals for positive and negative, power switch, handle, LED bulbs and output 
meter were fixed in their allotted slots and connected to their respective points on the circuit. 

Fig 16: sketch of the casing  

 

             
 

This current is the maximum current drawn by the load from the UPSz to maintain its recommended efficiency of 0.98 
we know the power input and the power output of the UPSz, the power loss of the device can then be obtained. 

– power output (Pout).                      (26) 

This loss is as a result of the switching processes performed by the semiconductor devices in the UPSz. 

The aim of the alarm unit is to signal the user about the interruption of power from the utility mains and also bringing to t
the fact that the UPSz is operating on battery mode or Mode II. In the design of this circuit, the pin14 of the microcontroller is connected to the 
alarm circuit. From the program in the microcontroller, pin14 remains LOW at no signal detection. As the device (UPSz) switch

d a HIGH appears across pin14. 

 

Fig 15: Diagram of the UPSz alarm unit. 
 

It is such that the program in the microcontroller stimulates for the production of the signal to the transistor which switch
beeping sound at equal interval. The beeping sound continues to occur until the mode I is restored and the pin14 of the 

microcontroller returns to its LOW state or the device completely shuts down. 

black casing. Battery terminals for positive and negative, power switch, handle, LED bulbs and output 
meter were fixed in their allotted slots and connected to their respective points on the circuit.  

   

    Fig 18: Overview of the UPSz circuitry

14 

0.98 (targeted efficiency). Since 

The aim of the alarm unit is to signal the user about the interruption of power from the utility mains and also bringing to the attention of the user to 
the design of this circuit, the pin14 of the microcontroller is connected to the 

alarm circuit. From the program in the microcontroller, pin14 remains LOW at no signal detection. As the device (UPSz) switches from mode I to 

It is such that the program in the microcontroller stimulates for the production of the signal to the transistor which switches the buzzer ON and OFF 
beeping sound at equal interval. The beeping sound continues to occur until the mode I is restored and the pin14 of the 

black casing. Battery terminals for positive and negative, power switch, handle, LED bulbs and output 

 

Overview of the UPSz circuitry 
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Fig 19: packaging of the UPSz into a casing.    Fig 20: picture of the motherboard of the UPSz 

 

 
 
  
 

      
Fig 21: The Uninterruptible Power Stabilizer    Fig 22: Side view of the UPSz 

 
 
8.  EXPERIMENT AND TESTING   
 

The UPSz was designed to handle voltage fluctuation and irregularities from a range of 140V to 260V to produce a steady 220V output at all time. 
In order to verify the working condition and capability of the UPSz during input voltage change and variations, a VARIAC was introduced to the 
input terminal of the UPSz. 

Testing involved checking the output voltage and current of the UPSz when various input voltage level were introduced into the UPSz  with loads 
ranging from 60W, 100W, 200W, 300W and 400W connected to it. In addition, an offline bypass UPS of 500VA, 220V ratings was also tested 
using the variac and the results gotten were compared with the constructed device. Testing and comparison were also made on mode II for the UPSz 
and the offline UPS and the results obtained were compared and graphically illustrated. 
 
9. GRAPHICAL RESULTS 
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10.  DISCUSSION OF THE GRAPHS 

Voltage stabilization is a process of feeding or delivering constant voltage or current to electrical load and protects them from damages due to 
voltage fluctuation. It is such that the output voltage and current remains at some defined window limit. For electronic devices and gadgets, the save 
margin or window lies between 220V – 180V as proper guarantee of maximum functionality and protection against over voltage and under voltage 
cannot be assured above or below this margin except for industrial purpose [15]. In Nigeria, the national electric grid power supply for home use 
fluctuates at 180V to 220V except unprecedentedly events occurs during transmission leading to voltage fluctuation. Basically, for a maximum load 
of 400W, the output current was 2.07A and for an input voltage of 260V and 2.19A for an input voltage of 140V. That means that the change in the 
output current from 140V- 260V is about 0.12A (2.19A-2.07A) 

From the equation P = I x V                (27) 
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Where P = power (W), I = current (A) and V= voltage (V), it can be seen that current is inversely proportional to voltage and directly proportional 
to power. This implies that as power increases, current increases and voltage decreases. Therefore, a low input voltage would result to a low output 
voltage with high output current and a high input voltage would result to a high output voltage with low current. Voltage stabilization would result 
to the production of a steady/constant output voltage and current even at a high or low input voltage. 

In fig 23; it can be seen that at a high input voltage of 260V, the UPSz delivered a current of 0.46A to a load of 60W and 2.07A to a load of 400W 
whereas the offline UPS delivered a current of 0.23A to a load of 60W and 1.55A to a load of 400W. As the input voltage from the utility mains is 
reduced to 240V as seen in fig 24, the UPSz delivered a current of 0.46A to a load of 60W and 2.07A to a load of 400W while the offline UPS 
delivered a current of 0.24A to a load of 60W and 1.60A to a load of 400W. A further reduction in the input voltage from 240V to 220V as shown in 
fig 25 revealed that the UPSz was able to deliver a current of 0.47A to a load of 60W and 2.08A to a load of 400W while the offline UPS delivered 
a current of 0.26A to a load of 60W and 1.91A to a load of 400W. From the above observation, it can be seen that as the input voltage reduces, the 
output current of the UPSz remains almost the same indicating that voltage stabilization occurred but the output current of the offline UPS increases 
gradually with decrease in the input voltage. 

Also in fig 25, fig 26 and fig 27; it can be seen that at a normal voltage supply level of 180V to 220V, the UPSz supplied current of 0.49A – 0.47A 
to a load of 60W and 2.10A – 2.08A to a load of 400W while the offline UPS supplied a current of 0.39A - 0.26A to a load of 60W and 2.03A – 
1.91A to a load of 400W. 

This means that the interval change in the output current of the offline UPS between 180V – 220V for a load of 60W is about 0.31A (0.39A – 
0.26A) and for a load of 400W is 0.39A (2.30A – 1.91A) while that of the UPSz from 180V – 220V for a load of 60W is 0.02A (0.49A – 0.47A) 
and for a load of 400W is 0.02A (2.10A – 2.08A). This implies that a change of about 0.02A occurred at the output current of the UPSz during a 
normal supply voltage of 180V to 220V unlike the offline UPS which is about 0.39A. Therefore, indicating that stabilization of voltage/current level 
was made possible by the UPSz. 

As earlier stated, the offline UPS offers little or no protection against voltage fluctuation, as can be seen from the data generated from the test and 
presented in fig 27 to fig 29. From the figures, the voltage increases as the current exponentially decreases. Cases with fluctuating power supply 
would experience gadget and electronic device failure or damages if the offline UPS is constantly used in such cases. 

In fig 30, which is the graphical representation of the data obtained from mode II, it can be evidently seen that the offline UPS and the UPSz 
operates at the same efficiency until the battery voltage begins to drop. From the graph, it was observed that there was a sharp increase in the output 
current of the offline UPS as the voltage of the battery drops to 11.2V and a sequential continuous increase in the output current as the voltage of the 
battery drops further. Clearly the UPSz stabilizes and delivers 220V as its output voltage even as the DC voltage of the battery drops whereas the 
offline produced lesser output voltage with higher current as the voltage of the battery drops. 

 The discharge duration of the battery with respect to load power consumption was calculated using the equation below. 

)���ℎ�' ! *v'����� = wxyyz{| }~�yx�z c a� �x��z{z �z{ �~�{�c �~�z{ �x�y~{
�~yx� �~x�     [16] (28) 

                                                                               

Where battery voltage = 12V, Ampere per hour = 50Ah, Loads = 60W, 100W, 200W, 300W, 400W 

Dd = (12 x 50 x 0.8) / 60 = 8.0hrs 

Dd = (12 x 50 x 0.8) / 100 = 4.8hrs 

Dd = (12 x 50 x 0.8) / 200= 2.4hrs 

Dd = (12 x 50 x 0.8) / 300= 1.6hrs 

Dd = (12 x 50 x 0.8) / 400= 1.2hrs 

Table 2: Discharge durations of the UPSz battery with load 

Load (Watts) Duration (hrs) 

60 8.0 
100 4.8 
200 2.4 
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300 1.6 
400 1.2 

 

The figures obtained in Table 2 are not forever constant as subsequent and continuous use of the battery can result to less discharge duration of the 
battery. It is well known that the higher and bigger the battery capacity, the longer the discharge duration. 

 11. CONCLUSION 

The UPSz has shown to be a better than the offline UPS. This is because it has the ability to stabilize fluctuating voltages thereby providing surge 
protection against over voltages and under voltages. The application of PWM technique in the UPSz provided a higher margin of voltage 
stabilization. This margin therefore allows for a longer fluctuation range for the load to be fed without reverting to battery mode at any short 
disturbance. This way, there will be less use of the battery thereby leading to a longer battery life. 
The supply of continuous power to the load in the absence of electricity from the utility mains was made possible by the battery. Additionally, in 
monitoring voltage levels, the UPSz has shown to have a wide range of voltage fluctuation tolerance of about ±40V to the usual supply voltage from 
the utility mains of 180V – 220V within which the UPSz performed better than the offline UPS in delivering current to loads.  
 
12. LIMITATION 
It has a slow charging rate due to the nature of the charging unit introduced. 
 

It is only limited to home and office use basically for computers, televisions and other light household electronics.  

It does not produces a pure sin wave output voltage waveform based on the nature of the power modules (MOSFET) used and it configuration 
 
13. RECOMMENDATION  

Increasing the rate at which the battery of the UPSz charges is highly important. It is recommended that a stronger and faster charging system 
should be incorporated to reduce the charging time at which the battery completely gets charged. This section is highly important because the 
working condition of the UPSz depends on the battery life. 

Increasing the power rating of the UPSz is also important so as to power more load conveniently. This can be done by increasing the ratings of 
power switching devices, the battery and the transformer. 

It is well known that the higher and bigger the battery capacity, the longer the discharge duration. Therefore to increase the discharge duration of the 
UPSz, a strong and higher capacity battery should be introduced to prolong the use of the UPSz during DC mode. 

Switching should be done using silicon controlled rectifiers (SCRs) as against the use of MOSFETs. This is because they have a wider range of 
switching speed and a better current/voltage handling capability. When used as switches in a DC-AC converter, they tend to produce a 
steadier/constant output voltage and current thereby eliminating the use of the centre-tapped multiple winding transformer at the output.  

 

 

 

 

 

14. COSTING 

S/N COMPONENTS DESCRITION QTY UNIT COST (₦) TOTAL COST (₦) 
1 TRANSFORMER 220V/12V 1 500 500 
2 D/W TRANSFORMER 220V 1 700 700 
3 DIODE 1N4001 10 10 100 
4 CAPACITOR 10µF/25 5 20 100 
5 ‘’ 47 µF /440V 5 20 100 
6 ‘’ 100 µF /25V 5 50 250 
7 ‘’ 33 µF /25V 2 30 60 
8 INDUCTOR 680 µH 2 50 100 
9 BRIGDE RECTIFIER - 3 50 150 
10 LED 1.8V 3 10 30 
11 CRYSTAL OSCILLATOR 8MHZ 1 50 50 
12 RESISTOR 100KΩ 5 50 250 
13 ‘’ 10KΩ 4 20 80 
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14 ‘’ 1.5KΩ 3 30 90 
15 ‘’ 1KΩ 2 10 20 
16 ‘’ 10KΩ (VARIABLE RESISTOR) 3 20 60 
17 POWER MOSFETS IRF3205 N-CHANNEL 4 150 600 
18 TRANSISTOR NPNC1818 2 50 100 
19 OP-AMP LM358 2 100 200 
20 MICROCONTROLLER PIC16F876A 1 1200 1200 
21 VOLTAGE REGULATOR 7805/50K 1 50 50 
22 OPTOCOUPLER PC817 1 100 100 
23 BUZZER 5V (ELM) 1 100 100 
24 RECHARGEABLE BATTERY DC 1 2000 2000 
25 VEROBOARD DOT 1 100 100 
26 ‘’ PLAIN 1 500 500 
27 ANALOG VOLTMETER INDICATOR 1 50 50 
28 POWER CORD - 1 100 100 
29 CONNECTOR WIRES - - - 1000 
30 SOCKET WALL 1 150 150 
31 CASING METAL 1 500 500 
32 SOLDERING LED ROLE 1 350 350 
33 MAN HOUR 120HOUR @ 250 per hr - 
34 MISCELLANEOUS -  5000 5000 
35 FAN SMALL 1 120 120 
 TOTAL    ₦ 14,410 
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    The complete circuit diagram of the uninterruptible power stabilizer.
 

 

 

 
 

 
APPENDIX  

The complete circuit diagram of the uninterruptible power stabilizer. 
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