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Abstract — This paper presents design analysis and impitatien of a 0.5KVA uninterruptible electronic pawstabilizer (UPSz). Poor and
instability of power supply delivery in Nigeria ressitated the need for a device that can stahibitage, protect equipment from damages and
also provide power to the loads in the absencedeatricity from the utility mains. This need matted the design of a power stabilizer (UPSz).
Method of Pulse with modulation (PWM) was adopt€his method is capable of modulating a varying infaua stabilized output. Two input
sources were considered; a fluctuating 220V volinsiaupply and a constant 12V battery. The 12Vebativas rectified to provide an AC power
supply to the load in the absence of the utilityimeaThe control circuit ensured a stabilized otigmltage from input range of 140V to 260V AC
power supply which is about +40V to the usual sypplitage from the utility mains of 180V-220V in déria. Appropriate protection circuits were
incorporated against surges to which ensured tie¢ysaf home/office appliances. A variac was usedlitain various AC voltage levels during the
testing. The voltage and current results at diffeteadings (in watts) of the UPSz were obtaineldese results were compared with those of
commercially readily available offline UPS of thense rating. The UPSz unlike the commercially atdélaypes delivered a stabilized voltage of
220V to different loads of 60W to 400W range atuztiiating input voltage range of 140V to 260V. §khowed that the desighed UPSz is an
improved and better device than the offline equmtl Other advantages include portability (lighigid) and less expensive (relatively cheap).
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l. INTRODUCTION

The need for reliability in power supply has ob\dtyubeen with humanity for many years. With ther@ase use of electrical power and electronic
device, the urge for continuous electric power syppd reliability has become an increasing conckrmeveloping countries such as Nigeria, the
grid is still very unstable. Several blackouts alistuptions during the day are not unusual. Eveyhlizideveloped countries such as Germany
experience an average of 100mains failures per lgsting less than 20 ms and about 30 failuresniadtetween 20 ms and 1s [1]. Alternating
current power problems have been recognized butiliy companies, computer manufacturers and esetaias a subject that must be addressed.
The power problems extend from spikes, noise aggligncy variations to complete black-outs. Thesblpms can be corrected individually using
surge suppressors, filters, regulators, and ara@ifiThe use of uninterruptible power supply systg®S) 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 solitestievices, which are interconnected based on tesjrective functional principles to provide
required unit function of protection against powapply aberrations and failure. Because these argt€omposed of solid state devices they are
often described as static UPS units, as opposextany systems which are based on motor/generatbnblogy [3]

A UPS typically does two things [4]: It either pides power to enable the safe shutdown of equipmedtsaving data to a non-volatile medium,
or it provides power to equipment over the duratdmains fault/failure, enabling equipment to ggercontinuously.

The uninterruptible power equipment which wereeazhithe no-break power supplies were of rotary desipese appeared during the 1950's. [5]
stated that the need for it at that time was rdl&dedefense equipment such as communication atzdt.rAlthough, many arrangements and devices
were tried by the year 1939 to 1945 for militaryase during the war to supply continuous poweraimmunication equipment in military bases.
The development obviously continued after the Wdme research became more focused on achievingegnediability, increase efficiency and
reduction in maintenance. In accordance to thimeakthrough occurred in the 1950's and was cdlilecho-break power supply. The operation of
the no-break power supplies was for power to belgeghthrough the rectifier to the DC motor whighim turn powered an AC generator. On loss
of mains, the battery became the energy sourceiaalbled the generator to supply uninterruptiblegrow

In time, various rotary systems in the UPS werengkd and replaced with solid state device whichttedhcrease in performance, efficiency,
duration, reduced cost and wide application usetide goes on, the UPS has become a product thausioess can do without, appearing in
various forms such as the offline UPS, online UR& lane interactive with its use basically essdritiaareas with constant power failure, electrical
disturbance or fluctuations.

It is clearly evident that for every electrical aeléctronics equipment, power is required for tlogieration. And for these equipment to operate
properly and at maximal output they must operatthiwithe voltage range for which they are desigon#terwise damage to equipment and
appliances will occur. According to [6], the sitioat of voltage fluctuation is very common withinetiNigeria power supply system owing to a



number of reason ranging from over loading of sypiples and fansformers to fluctuation caused by external tertsand induction of pow
lines etc. The offline UPS is the most widely saldd used UPS around the world followed by the limteractive UP. The shortcomings
associated with the offline include;

® Zeroability to stabilize or condition input voltage ks

®*  Provided little or no surge protection
There is evidenheed of protection device such as the automatimgelregulator, stabilizers etc to limit the fluation of electrical power to the
home appliances at a safe voltage range and aathe time providing uninterruptible power to thensaapplianct This device would ensure that
power outages, sags, surges, harmonicaretpreventefrom adversely affecting the performance of theicke\7] stated that electronic gadgets
nowadays are increasingly being equipped with aligitrcuitries for increased functions and betterfgrmance. These dial circuits are very
sensitive to fluctuation and power outages. Alllaggpions of digital eleconics and computdrased system are worse hit by problems of pc
supply. Hence the need for a device that incorpsréte stabilization of power output and can adsopbrarily supply pow: for the duration of
power outage were highly recommended.
For the above reason, technicalhcorporating a voltage stabilizer into the workipgnciples of an offline UP‘was done in this work which
producedan enhanced and more functional offline UPS. Thbikizer heljs toregulate the output voltage to the Icso that the load would receive
a normal voltage of 220V.
Latest technologies in this field includes parafiebcessing line interactive uninterruptible powapply for sudden volge fluctuation for power
management, Uninterruptible power supply usiolar rechargeable battery, a mi-controlled multipowered uninterrupted power supply syst
fuzzy logic controlled uninterruptible power suppitegrating renewable energy. Most of which areufed on increasing t use of the UPS
during battery modehe UPSz is focused on eliminating damages andumetibns originated by voltage fluctuati

3. UNINTERRUPTIBLE POWER STABILIZER (UPSz)

An interruptible power stabilizer (UPSz) is a devibat has both the ability of an offline UPS comeli with that of a vcage stabilizer. While the
stabilizer unit regulates the voltage spikasder voltage, surge protection with other unpdeaited dect praluced by voltage fluctuatiothe UPS
unit provideshe DC voltage to the load when the main grid oxgrosupply fails

The main focus of the UPSz is to preventtage fluctuatios and its resultip consequence during supply of po to the connected load when
acting as an intermediary between the load angdler supply lineensuring that a stable AC power is supplied tdahd. It will also ensure th
the load receives uninterrupted power when maingodm the grid gets inrrupted.

4. DESIGN ANALYSISAND IMPLEMENTATION OF UPSz

The UPSz operation involves two modes and witharétarranged solid state devices which ensurprthyger operation of eh mode. Though the
system was designdd be simple, it is made up of two major parts whéonsist of the hardware and softweéA microcontroller was used to
achieve easy triggering of the MOSFET switchesrdudonversions. It was also used to issue commtantthe various relayor specific actions.
Pulse width modulation (PWM) techniques were adibjive the generation of pulses used for switct

List of components- Microcontroller (PIC16RA764 Diodes Crystal oscillatgr Opto-coupler, Resistors, Operational amplifier (LM3,
Transistor, Transformer (220V/12VBridge Rectifie, Voltage regulator (7805), Double winding transfer, Capacitor, LEDs (light emitting
diodes), Electromechanical BuzzBechargeable Batte, Metal oxide semiconductor field effect transistor (MOSFET).

The block diagrams of the system, alongside the simplified version are shown below.
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Fig 1: Block diagram of the UPSz
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Fig 2: Simplified block diagram
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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 VinMin ov
Nominal O/P Power Pout 400W
Nominal Output Voltage Vout 220V
Target efficiency n >90%
Switching frequency f 50KHz
Devicerating 500VA

Table 1: Design specifications

4.1: MODE OF OPERATION
The device was designed to operate on two modes;

¢ Mode | = Mains ON

. Mode Il = Mains OFF

A. MODE | OPERATION

When power is supplied from the mains, mode | tsvated and power flow to the two rectifier's K1caK2 as shown in fig 1. Mode | has two
branches; branch one and branch two. Branch ahe igower stabilization unit while branch two is gsimple power supply unit, (battery charging

unit).

I. BRANCH ONE OF MODE |: THE POWER STABILIZATION UNIT
The power stabilization unit consists of rectifioatand inversion. These in addition to overvolfagéer voltage protection circuits ensures that

mode | stabilizes the utility power supply to 22flts.

i RECTIFICATION (RECTIFIER, K1)

The block labelled K1 in fig 1 is an AC-DC convertensisting of full bridge, four (4) diode rectifs connected in the fashion shown in the circuit

diagram of fig 3



[—| BR1
L ;

20V AC < e
L LU
N —atl Im e Ls

Fig 3: Circuit diagram of the rectifier (k1) withtérs.

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

Mathematically,

The standard full bridge rectifier output voltagegiven by;

Vae = = J7) Vi sin wt 18] (2)

Which when evaluated gives;

Vie = %’"(cosa +1) 3)

For a diodeq = 0.

Thus

Vge = =2 @)
Where

Vac = V3

V,, = Mains Voltage (V) * /2, [9] (5)

The max voltage entering the rectifier ;,V

a = firing angle. Diodes cant be fired and so have zero firing angle.
V=V, = voltage from the mains = 220V

Therefore

V=220 x\2 =311.12V

Vi, =311.12V

Therefore,

VdC - 2 X311.12 =198V

3.142
Hence V. = Va.
The efficiency of the rectifier K1 is given by
1] = (Output voltage / Input voltage) x 100 [9] (6)
=(198Vv/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 voltadg. = V; back to an alternating voltage,.VThe line DC-AC converter (K11 as labelled in
fig.1) operates during mode | and gets its input @ltage source from the output of rectifier K1.eTMOSFETs used by the converter is
IRF3205N — channel MOSFET connected in half-britighion. Where Qand Q shown in fig 4, represents the MOSFET switchesl use
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Fig 4: Half-bridge DC-AC converter connected tMirocontroller

The converter uses a half bridge technique to redie required AC voltage into the primary of thegput transformer. Fm the circuit diagram
in fig 4, the gates of the MOSFETs @nd Q get their gate pulse from pin 21 and pin 22 ofrtiierocontroller through the Tkresistor while the
V, is connected to the transformenr)Tappings It is such that when , is switched ON, Qis switched off and current flows through to
transformer winding (3) and when Qis turned ON,  is OFF also current flow through the transformendimng (T,). The switching ON and OFF
of the MOSFETSs channels will start an alternatingent in th: winding of the output transformer.TThis way an AC power is transferred frt
the output transformer to the load.

The standard half-bridge DEE converter output voltage is given
. 2[r2nVge .
Vo= Tiiss.. 2| 2 sin nwt dot| [10] (7)

This is simplified to get;

v 2Vac .
Von = Yn=135.. 5 sinnwt 8
Thus;
2V, V2 o 2v2v %
Vonrms = Lxp = o= ——c 9)
nnv2”" V2 nm2 nm

Where n is the harmonics introduced by the swiglifithe MOSFET:
Where V. is the source voltage which188V
Thus the fundamental s value is given by;

2%198 V2 %198

= =89.12V
1% V2 1xm

Voirms =

The voltages for the first five harmonics gotten as

V() = Vuna! 3 (10)
V(5= 89.12 / 3=29.7V

V(s) = Viund 5 (12)
V(5= 89.12/ 5 =17.8V

V=127V, V(g = 9.9V, V(13 = 8.1V

The RMS value by harmonic summation method



Vorms = J(Vz(fund) + V2a+ V2 + V2o + V29 + V2p))

Vo rms = \/(89.122(fund) + 29720y + 17825 + 12.72(5y + 9.9%) + 8.12(11))

Vorms = V94662 = 97.29V
Thus the converter output voltage, & indicated in figure, is calculated to be;
Vo rms = 97.29V = V,
This output voltage of the converter is then feth&center-tap transformer, Bs labelled in fig.1.
Efficiency of the line DCAC converter is obtained
Efficiency () = (output power / input power) x 10(

Vorms*I V. 97.29
n= V‘”’"S = V“"”: Tog X 100% = 98%
dc/z %] dc/z /2

Therefore the line D@C converter has an efficiency of 9¢
I1.BRANCH TWO OF MODE |: POWER SUPPLY UNIT

The branch two of mode | is the power supply uesponsible for charging of the battery, B1. The pd@ver from the mainwas stepped down
using 220/12V transformer; Defore supplying taectifier, K2 The output of the transformer is in a ratio projooral to the voltage required
charge the battery.
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Fig 5. Circuit diagram of the Rectifier K2 with transformg;

The standard output voltage of the rectifier K2jiven by the same equation (2) through t

Where in this case,
Vae = Vs, V,y = Mains Voltage (V;) * V2,
a = firing angle. Diodes cant be fired and so have zero firing angle.

V&= Secondary voltage of the stepped down transformé, = 12V

The max voltage entering the rectifier ;. VTherefore from the trarormer to the rectifier
V,= V=V, from the transformer,
V= Vs x\2
=12V x\2 =16.97V
The output DC voltage from the rectifier can betgotby
Ve =Vs=2V/n
Ve = 227 =108V.

10.8V DC is the voltage being filtered bye capacitor. A voltage regulator of 7812 serias wsed to regulate and maintain the DC outpu®\ét

The 12V is feed to the battery in order to chatg€&he battery automatically starts to chavgeenever the main supply is availe.
To obtain theefficiency of the rectifier K2, same approach aseictifier k1 was adopted and is given



_ output power x 100% (12)

Input power

N=2"%15 100 = 0.9 x 100:00%

Where | is current.
Thus the efficiency of the rectifier K2 8% which corresponds to the efficiency of rectifier.

B. MODE || OPERATION (BACK UP POWER SUPPLY)

This is when the power from the utility is intertag and the load is automatically connected toothtput of thestandby DC-AC converter, k22.
The automatic changeover is achieved using statitclses incorporated to the microcontroller. Thetshing is in microsecnds. This mode
consists of a 12V battery (standby battery), aDC-converter, low battery circuit d a (standby) DGAC converter supplying the power to t
load.

I. THE BATTERY, B1

The battery used for the design of the UPSz isAh5Q2V lead acid batte. It has a power factor (Pf) of 0.8 as stated sméme pla. Thus, the
minimum acceptable valge level at which the battery can function effedti is 12 x 0.8= 9.6V (An assumption of 10 voltnium was made i
this work to take caref tolerance as shown in takl) while the maximum acceptable level for charding battery is 14.4V (An assution of
14V was made in the work for tolerance purpose).

The performance of mode Il depends on the connéuzttidry. The battery backup time can be calcultted

Battery backup time = (battery Ampeheur (AH) x battery voltage (V) x Number battery) (Nefficiency of the batteryy) + load in watts

Backup-Time r-lm’”‘//vﬂ [11] (13)
Where battery AH = 50Ah, Efficiencyy) = 0.8 (worse powefactor for standard home appliance always writtentee name plate of tt
appliances), Battery voltage = 12V, N = 1 battégad = 400W

Therefore,

. 50x12x1x0.8
Backup-Time :-%

= 1.2 hours = 1hour 12mins.
NB: for a lesser load (in watts), the bagktime becomes mo

II. THE DC-DC CONVERTER
A DC - DC converter circuit shown in fig¥@as connected to the battery so as to supply apofssy to the control ur.

LT

Fig 6: Diagram of the D-DC converter connected to the battery (B1)

The 12V standby battery supplies power to theC converter (DC regulator of 7805 series); at flomt, capacitor, C3 begins to filter out 1
ripples contained in the regulated DC voltagee Toltage regulator regulates the input 12V to G¥pacita, C4 of the value 100uF/25V filters t
5V output voltage to remove ripples that might bespni

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

I1l. THE STANDBY DC-AC CONVERTER, K22

This converter, K22 just like converter, k11 usdsa# bridge technique in producing the required é@put voltage to thprimary of the output
transformer T. Its input voltage is from a 12V standby battérg.calculate the output voltageg (labelled in fig.)) from this converter, K22, same
equation governs the process.



Where V. is the source voltage of the battery which is
Thus the fundamental s value is given by;

2x12 V2 %12
V, = = =5.4V
olrms 1+7V2 11T

As long as switching is concerned, harmonics havmetpresent which is due to switching transi
V(3= Vuna/ 3 (14)

V(g=5.4/3=18V

V(s) = Viund 5 (15)

V5 = 5.4/ 5 =1.08V

V7 =077V, V(g,= 0.6V, V(33 = 0.49V

The RMS value by harmonic summation method

Vorms = J(Vz(fund) + V2@ + Vg + V2o + Vi) + Vi)

Vo rms = \/(5.42(“"@ + 1.82) + 1.082(5) + 0.77%(;) + 0.62(q) + 0.492(13))

Vorms = V34.7594 = 5.895V
Thus the converter output voltage; & indicated iffigure 1 is calculated to be;
Vorms = 5.895V = Vg
This output voltage of the converter is then feth centr-tap transformer Jas labeled in fig 1.

Efficiency of the standby D@C converter is obtained;

% *] .
Efficienc = = = 2222 — 989 16
y (I]) Vdc/z*l Vdc/2 12/2 0 ( )

Therefore the line D@GC converter has an efficiency 98%.

The gates of the MOSFETs,@nd Q@ get their gate pulse from pin 15 and pin 16 ofrfierocontroller through the Ikresistor while the g is
connected to the MOSFETs channels. It is suchwim&n , is switched ON, @is switched off and currertows through to the transform
winding (T3) and when Qis turned ON, Qis OFF also current flow through the transformending (15). The switching ON and OFF of tl
MOSFETs channels will start an alternating curiienthe winding of the output trarormer T;. This way an AC power is transferred from

output transformer to the load.
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Fig 7:circuit diagram of the standby [-AC converter interfacing the transforme;

Note: Both modes (mode | and mode Il) are controlled ey microcontroller tcachieve the fast execution of the separate operafimotectior
circuits were incorporated within Mode | to takeecaf the voltage fluctuatior

IV.LOW BATTERY CIRCUIT

This is the circuit that monitors and serglgnalsto the microcontroller when the Kage of the battery drops tolevel of about 10V. The
microcontroller monitors the change in the thredtadlthe battery output voltage and runs a quiak slown program to tu the device off once a
certain threshold has been reached.

Fig 8: The low battery circuit interfacing with the micatrollel

4.2: THE PULSE WIDTH MODULATION (PWM)

Voltage stabilization was achieved by controllimg tduty cycle of the MOSFET switches using pulsdtivimodulation (PWM). his process
majorly affectsor concerns the varying AC supply voltage from tieeins and it is associated by two comgon process called under voltage ¢
over voltage control process. Pulse width modutatitethod offers excellent performance such as ligkt load regulatiorand stability during
voltage variations [12].

PWM (pulse width modulation) is the approach useddntrol the ON and OFF time (duty cycle) of tesaciated power switcs (IRF3205N —
channel MOSFET). Naturally, a change in the inpaltage will result tcan immediate change in the output voltage whichnaehat a variabl
input voltage would produce a variable output \gdtaTherefore, to obtain a constant output volfag@ a variable inputoltage, the voltage and
current level of the input voltage $1do be adjusted in order to achieve a constargubutoltage as expecte In other words, pulse width
modulation involves adjusting the width of the pulequired to switch the MOSFETs gate open ancedosas to adjust theoltage and current
level pasing through the gate of the MOSFETS to produeedhfuired output pow:

The precise PWM pattern used to control the gatth@fMOSFETSs , and Q is determined by an error detection circuit in thierocontroller
which monitors the output voltage anttieases or decreases the 1-to-space ratio of the PWM drive signal as necessaoyder to maintain th
correct output voltage. In order to achieve stahflon of the output voltage, the processor systetine microcontrollemonitors the frequency and
phase of the utility voltage for maintaining synmhism between the [-AC converter output and the incoming mains (outduthe rectifier K1).
The synchronism was done by a zero cross overtdeteche microcontroller PIC16RA76A which monisathe zero cross over point of the utili
voltage, this provides the processor with bothdestpy and phase information. This information isdesl so as to adjusie mark-to-space ratio of
the PWM drive signal which controls the gate of MM@SFETSs

By controlling the gate of the MOSFETs @nd Q with the precise PWM drive signal, the output voitaand current of the line [-AC converter
was regulated to give the desired output poweheterminals of the transformer. The transforme,) then stepsup the input power to the
required output power. If the filtered output frahe AC-DC converter (which is the input voltage of lin€\C converter) tends to change,
feedback applied to the PWM controller varies thgydycle to maintain a constarutput voltageThe gates of the MOSFETSs are driven by
microcontroller PIC16RA76A with a pulse frequendyb0 KHz.

5.CONTROL UNIT



The control unit is responsible for proper andecfunctioning of the UPSz. It controls voltage ukegionsprocesses, monitors the presenc
power from various sources and ensures that theifoaot affected by any consequences of voltageifhtions or irregulities. The control unit
consist of the microcontroller, an automatic cohgrmeitch and the urer voltage/over voltage protection circuits.

A.THE MICROCONTROLLER (PIC16RA76A)

The microcontroller used is called the PIC16RA76W dt is a powerful 200 nano second instructioncexer, easy to progra(35 single word
instructions), CMOS FLASH based % microcontroller. It has 28 pin package andsitcompatible with the PIC16C5X, PIC12CXXX &
PIC16C7X devices. It features include 256 byte BPROM data memonself-programming2 comparators, 5 channels o-bit analog-to-digital

(A/D) converter,2 capture/compare/PWM functions. All this featuraakes it ideal for more advanced level A/D appiaratin automotive
applicationsindustrial appliances and consumer applicat

It is basically the heart of the entire circuitifhe microcontrollelis used as the central control element for mangngny functions such ¢

generation of the PWM drive wave form monitoring thutput voltage, D-AC output current for overload and short circuibtection, phase ar
frequency locking of the output and irtgpower suppl
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Fig 9 the microcontroller interfacing various sectimishe UPS

B. AUTOMATIC CONTROL SWITCH
The automatic control switch aims at signaling tierocontroller about the absence or interruptibpawver from the utily mains in order for a
different source of power to be activated to sehe=load This section is responsible for producing the digreeded by the microcontroller

switching the entire system from mode | to modarid vice versa. It involves the use of an -isolator feeding n NPN transistor to produce a
HIGH or a LOW at its output which in turn is usedsignal the microcontroller to switch moc
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Fig 10: Grcuit diagram of the automatic control switch ifiéeing the microcontrolls
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C. OVER VOLTAGE AND UNDER VOLTAGE PROTECTION CIRCUITS

This circuit was designed to monitor the input agk from the mains and alert the microcontrollethef occurrence of arvervoltage or under
voltage. It does thidy producing a HIGH or a LOW output signal to thiascof the microcontroller. The circuitry comprises af operatione
amplifier configured as a comparator to compardrtheming AC voltage from the mains with a referenoltage

I. UNDER VOLTAGE PROTECTION CONTROL CIRCUIT
This circuit was made to monittire input voltage from the mains and produce a HEBHs output when the input at the ~inverting input (+) is
higher than the voltage at the inverting input feah(-) that is connected to the utility mains and thi8 @anly occur when the voltagfrom the
utility mains is below 140V.

i
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Fig 11: Diagram of over voltage protection circuit

When the input voltage from the utility mains iddvel40V, the comparator compares the incoming geltaith the Vref and joduces a HIGH at
its output terminal.The HIGH produced by the comparator signals thergnantroller of a low input voltage from the utflitmains. The
microcontroller then cuts off the flow of power dlugh mode | by initiating the transfer of powerthe load from the staby battery which is

mode |l to avoid damages caused by low voltagesder voltag.

II. OVER VOLTAGE PROTECTION CONTROL CIRCUIT

The same operational principle of the under voltaggection unit applies here, the design is sheh the differential ctput of the comparator will
go high when the voltage at the non-invertingut (+) is higher than the voltage at the invegtinput -)mains and this will only occur when t

voltage from the utility mains is above 260Whis time around, Pin2 of the comparator is theftimg input; pin 3 is thnon-inverting input while
pin 1 is the differential output.
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OSCZCLKOUT RE1

RANAND RB3FLM
RA AN =]
REMEAREF, rearor
AL DUKILIUUT RBTPOD
RASANSS'C20UT Qo

RC1/CCPC
mcTRVPRTHY RELGEEE

BRrRER R

& e g9

PRtl
iz

[
e

g8
il

,
E

Fig 1z: Diagram of over voltage protection circuit

When the input voltage from the utility mains ioab 260V, th comparator compares the incoming voltage with thef ¥nd produces a HIGH
its output pin to the microcontroller and the emnBistem is immediately switched to mode Iprotectthe load frorran over voltage.

6. THE OUTPUT UNIT OF THE SYSTEM
The output unit is made of the double windgemte-tapped transformer and the alarm system.

A. THE DOUBLE WINDING CENTRE-TAP TRANSFORMER (T, T3)

The fabricated device (UPSz) is complex becaubkasgttwo converters with two separate voltage sesuroatrolled by one rrrocontroller. Hence
the output of each D@C converters also differs from each other. Thisgma problem of not being able tc the two voltages together. In resp

to this, a double winding transformer with certtap or acentertapped multiple winding transformer was used aratthnsformer is a step |

transformer.
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This type of transformer has two primaries and $@oondzy cascaded together as one with each having segaratratio or windings. It is mo
like two transformers in one, such that one prinergt one secondary can be assigned as the traesftoa particular vcage source and the other
connected to anbeér voltage source but their various outputs agestime and can be tied together. In the caseobthdy, the transforrrs are
called T, and T in which T, is connected to the [-AC converter (K11) output, meaning it functionsidgrmode | alone anT; is connected to
the output of the standby D&C converter (k22) (functions at mode |l alone)eTdutput voltage of the transformer is 22

The transformer ratio (A) for both,@nd T; was obtained as tht

If A, is the transformer ratio of,Ttherefore;

Ay =Ny Ny = VilV, a7)
Where \f, = 220V (output voltage of the transforme,)

V,; = 97.29V (input voltage of the transformey;, Which is also the output voltage of the line-AC converter)

Therefore,

A, =220V/97.29 = 2.26

thus, V4 in fig 3.1a can be obtained as;

Vo= AV, (18)
=2.26 x 97.29 = 220V.

A; is the transformer ratio forsTtherefore;

Az = Nof Ny = ViV, (19)

Where \f, = 220V (output voltage of the traiosmer Ts)

V;=5.895V (input voltage of the transformeg Which is also the output of the standby-AC converter)

Therefore,

Az =220V/5.895 = 37.32

V=AsV
=37.32 x 5.895 = 220V

The transformers are centre tapped (bgtanid T) for voltageregulation purpose.
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OSCZCLKOUT RE1
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FALAN RB2
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RAS/ANSSIC2OUT ponicicy |a

R RCTCCPC [12
MOTRAPRITHY Re2iecrT [F1o

[ |

avol

CETHICK [=
RCT/RK/DT [T

2
o
g
REEERE|
L}
2
\U?
32
¥
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Fig 13: Diagram of the two DC-AC converters inteifg the microcontroller and the transformer

Since the battery backup time is known, the oupawter and output current from the battery to ttaellduring mode Il can also be gotten as;
Battery power = Pf x battery voltage x Ah [13] (20)

Where Pf = power factor = 0.8 (as specified onrthme plate), Battery voltage = 12V, Ampere per BOAh

Therefore, battery power = 0.8 x 12 x 50 486W

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

Input Power x pf of the standby DC-AC converterewr output [14] (21)
Pin X pf = Poy

P, = 480W (power of the battery entering the stanByAC converter), Pf = 0.98 (as calculated in earior the standby DC-AC converter)
Thus;
Power output (Ry) =480 x 0.98 #A70.4W
The output current {l) can be gotten as

lout = Pout/ Vour (22)
Where V= Vg = 5.895V, By = 470.4W
lou=470.4W / 5.895V 92.24A
Where = lg

The efficiency of the associated transformerisTgiven as 95-98% on full load. This is statecspscified by the manufacturdn this work, a
worse case efficiency of 95% was assumed.

Therefore the output power from the transformer leaugotten as:

Power output from3=Power input to Tx efficiency of & (23)

where, R3 = P, of the standby DC-AC converter = 470.4W, efficigio€ T;= 0.95
Pours= 470.4 X 0.9 #46.88W

The output currentlcan be calculated as

Pout= 17 X V7 x Pf [14] (24)
Or
I7= Poyerd V7 X Pf (25)

Where RByr3= 446.88W as obtained earlier; ¥ 220V (Stepped up output of)T pf = 0.95 (transformer efficiency)

446.88
220X0.95

7:

l;=2.03A =2
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This current is the maximum current drawn by tredlfrom the UPSz to maintain its recommended efficy 0f0.98 (targeted efficiency). Since
we know the power input and the power output ofll®Sz, the power loss of the device can then beirodad

Power loss = power input (P— power output (Ry)- (26)
Where (R) = 480W, (R.).= 446.88W
Power loss = 480 — 446.88 = 33.12W
Power loss 33.12W

Thislossisasaresult of the switching processes performed by the semiconductor devicesin the UPSz.

B. ALARM CIRCUIT
The aim of the alarm unit is to signal the usenultbe interruption of power from the utility mainged also bringing tche attention of the user to

the fact that the UPSz is operating on battery nmdlode Il In the design of this circuit, the pin14 of the miasotroller is connected to tt
alarm circuit. From the program in the microcoremglpinl4 remains LOW at no signal detection. s tlevice (UPSz) swites from mode | to
mode Il, a signal is detecteddaa HIGH appears across pin

OSCMCLKIN REBOUT | 255

OBCZCLKOUT RE1 E=

RAVAND REECH =iy
RE4 (=

RA1FAN
RAZFAMINTREF
HASFAMNIIVHER+ RES8/POC
RAAT | LM K 1T REBTAPO DY
RJ!.S\J'ANSSJ’CMUTRC“ICK' =11

RC1/CCPC [=1
moTRAPRTHY RETCCEC TF—

CaTrNC K
RCT/R¥/DT

BT

12%

BUZZER,

Fig 15: Diagram of the UPSz alarm unit

It is such that the program in the microcontrofiémulates for the production of the signal to ttamsistor which switces the buzzer ON and OFF
continuously to produce lzeeping sound at equal interval. The beeping saontinues to occur until the mode | is restored #dmedpinl4 of the
microcontroller returns to its LOW state or the idexcompletely shuts dow

7. PACKAGING
The complete unit was housed in a metdilack casing. Battery terminals for positive andateve, power switch, handle, LED bulbs and ou
meter were fixed in their allotted slots and corieédo their respective points on the circ

Fig 16 sketch of the casing Fig 18:0Overview of the UPSz circuit
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Fig 20: picture of the motherboard of the UPSz

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

8. EXPERIMENT AND TESTING

The UPSz was designed to handle voltage fluctuaihirregularities from a range of 140V to 260\ptoduce a steady 220V output at all time.
In order to verify the working condition and cap#piof the UPSz during input voltage change andatins, aVARIAC was introduced to the
input terminal of the UPSz.

Testing involved checking the output voltage andent of the UPSz when various input voltage levete introduced into the UPSz with loads
ranging from 60W, 100W, 200W, 300W and 400W coneedb it. In addition, an offline bypass UPS of ¥80 220V ratings was also tested
using the variac and the results gotten were comstpaith the constructed device. Testing and coraparivere also made on mode Il for the UPSz
and the offline UPS and the results obtained werepared and graphically illustrated.

9. GRAPHICAL RESULTS
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Fig 23: A graph of load against current for both the UPSz and the offline UPS at 260V AC input voltage.
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Fig 24: A graph of load against current for both the UPSz and the offline UPS at 240V AC input voltage.

2.20

2.00
1.80
1.60
1.40
1.20
1.00
0.20
0.60
0.40
0.20 §
0.00

100 150 200 250 300 350 400 450
LOAD {WATT)

—t— P52

CURRENT (4)

—@—OFF LINE UP5

2.40
2.20
2.00
1.80
1.60
1.40

1.20
1.00 —t—PSZ

CURRENT [A)

0.80 == OFF LINE UP5
0.60

0.40

0.00

o 50 100 150 200 250 300 350 400 4350

LOAD [WATT)

Fig 23: A graph of load against current for both the UPSz and the offline UPS at 220V AC input voltage.

Fig 26: A graph of load against current for both the UPSz and the offline UPS at 200V AC input voltage.
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Fig 27: A graph of load against current for both the UPSz and the offline UPS at 180V AC input voltage.
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Fig 28: A graph of load against current for both the UPSz and the offline UPS at 160V AC input voltage
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Fig 29: A graph of load against curent for both the UPSz and the offline UPS at 140V AC input voltage. Fig 30: A graph of load against current for both the UPSz and the offline UPS during mode IT

10. DISCUSSION OF THE GRAPHS

Voltage stabilization is a process of feeding diivéeing constant voltage or current to electritzdd and protects them from damages due to
voltage fluctuation. It is such that the outputtage and current remains at some defined windovt. IFor electronic devices and gadgets, the save
margin or window lies between 220V — 180V as prap&rantee of maximum functionality and protectigainst over voltage and under voltage
cannot be assured above or below this margin exoefndustrial purpose [15]. In Nigeria, the nai#d electric grid power supply for home use
fluctuates at 180V to 220V except unprecedentedines occurs during transmission leading to voltagegtuation. Basically, for a maximum load
of 400W, the output current was 2.07A and for giutrvoltage of 260V and 2.19A for an input voltagel40V. That means that the change in the
output current from 140V- 260V is about 0.12A (218.07A)

From the equation P =1 xV 27)
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Where P = power (W), | = current (A) and V= volta@#, it can be seen that current is inversely prtipnal to voltage and directly proportional
to power. This implies that as power increasegeatiincreases and voltage decreases. Thereftoe, iaput voltage would result to a low output
voltage with high output current and a high inpaltage would result to a high output voltage witlvIcurrent. Voltage stabilization would result
to the production of a steady/constant output geltand current even at a high or low input voltage.

In fig 23; it can be seen that at a high input agét of 260V, the UPSz delivered a current of 0.46A load of 60W and 2.07A to a load of 400W
whereas the offline UPS delivered a current of A.&8a load of 60W and 1.55A to a load of 400W.tAs input voltage from the utility mains is
reduced to 240V as seen in fig 24, the UPSz daier current of 0.46A to a load of 60W and 2.07Atlmad of 400W while the offline UPS
delivered a current of 0.24A to a load of 60W arRDA to a load of 400W. A further reduction in theut voltage from 240V to 220V as shown in
fig 25 revealed that the UPSz was able to deliveuraent of 0.47A to a load of 60W and 2.08A tmad of 400W while the offline UPS delivered

a current of 0.26A to a load of 60W and 1.91A toad of 400W. From the above observation, it casden that as the input voltage reduces, the
output current of the UPSz remains almost the sadieating that voltage stabilization occurred 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 sedattat a normal voltage supply level of 180V to\22the UPSz supplied current of 0.49A — 0.47A
to a load of 60W and 2.10A — 2.08A to a load of WO@hile the offline UPS supplied a current of 0.398.26A to a load of 60W and 2.03A —
1.91A to a load of 400W.

This means that the interval change in the outputeat of the offline UPS between 180V — 220V foload of 60W is about 0.31A (0.39A —
0.26A) and for a load of 400W is 0.39A (2.30A —1A9 while that of the UPSz from 180V — 220V foraat of 60W is 0.02A (0.49A — 0.47A)
and for a load of 400W is 0.02A (2.10A — 2.08A).is'tmplies that a change of about 0.02A occurrethatoutput current of the UPSz during a
normal supply voltage of 180V to 220V unlike thdliné UPS which is about 0.39A. Therefore, indingtthat stabilization of voltage/current level
was made possible by the UPSz.

As earlier stated, the offline UPS offers littlerar protection against voltage fluctuation, as lbarseen from the data generated from the test and
presented in fig 27 to fig 29. From the figures tloltage increases as the current exponentiatiyedses. Cases with fluctuating power supply
would experience gadget and electronic deviceritw damages if the offline UPS is constantly useslich cases.

In fig 30, which is the graphical representationtloé data obtained from mode I, it can be evides#len that the offline UPS and the UPSz
operates at the same efficiency until the battetiage begins to drop. From the graph, it was otesbthat there was a sharp increase in the output
current of the offline UPS as the voltage of thedyg drops to 11.2V and a sequential continuousease in the output current as the voltage of the
battery drops further. Clearly the UPSz stabiliaed delivers 220V as its output voltage even aDiesoltage of the battery drops whereas the
offline produced lesser output voltage with higberment as the voltage of the battery drops.

The discharge duration of the battery with respetdad power consumption was calculated usingtheation below.

Battery voltage x Ah (ampere per hour)x Power factor
Total Load [16] (28)

Discharge duration =

Where battery voltage = 12V, Ampere per hour = 50A&kads = 60W, 100W, 200W, 300W, 400W
Dg = (12 x 50 x 0.8) / 60 = 8.0hrs

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

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

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

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

Table 2: Discharge durations of the UPSz battetl Voiad

Load (Watts) Duration (hrs)
60 8.0
100 4.8
200 24
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300 1.6
400 12

The figures obtained in Table 2 are not foreverstam as subsequent and continuous use of theybedte result to less discharge duration of the
battery. It is well known that the higher and bigthee battery capacity, the longer the dischargatén.

11. CONCLUSION

The UPSz has shown to be a better than the offli€. This is because it has the ability to stabifiactuating voltages thereby providing surge
protection against over voltages and under voltaée application of PWM technique in the UPSz jmed a higher margin of voltage
stabilization. This margin therefore allows forander fluctuation range for the load to be fed withreverting to battery mode at any short
disturbance. This way, there will be less use eftihttery thereby leading to a longer battery life.

The supply of continuous power to the load in theemce of electricity from the utility mains wasdegossible by the battery. Additionally,
monitoring voltage levels, the UPSz has shown teleawide range of voltage fluctuation tolerancalméut +40V to the usual supply voltage from
the utility mains of 180V — 220V within which theP$z performed better than the offline UPS in deiingecurrent to loads.

12. LIMITATION
It has a slow charging rate due to the nature®ttiarging unit introduced.

It is only limited to home and office use basicdtly computers, televisions and other light housgtletectronics.
It does not produces a pure sin wave output volteageeform based on the nature of the power modM&SFET) used and it configuration

13. RECOMMENDATION

Increasing the rate at which the battery of the ZElSarges is highly important. It is recommendeat # stronger and faster charging system
should be incorporated to reduce the charging @nehich the battery completely gets charged. Beigtion is highly important because the
working condition of the UPSz depends on the batiés.

Increasing the power rating of the UPSz is alsooirtgnt so as to power more load conveniently. This be done by increasing the ratings of
power switching devices, the battery and the t@mnsér.

It is well known that the higher and bigger thetéat capacity, the longer the discharge duratidrer&fore to increase the discharge duration of the
UPSz, a strong and higher capacity battery shoellicitooduced to prolong the use of the UPSz dubiGigmode.

Switching should be done using silicon controlledtifiers (SCRs) as against the use of MOSFETss Ehbecause they have a wider range of
switching speed and a better current/voltage hagdtiapability. When used as switches in a DC-ACveder, they tend to produce a
steadier/constant output voltage and current tlyegéininating the use of the centre-tapped multipileding transformer at the output.

14. COSTING
SIN 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 10uF/25 5 20 100
5 [ 47 {F /440V 5 20 100
6 100 pF /25V 5 50 250
7 i 33 UF 25V 2 30 60
8 INDUCTOR 680 pH 2 50 100
9 BRIGDE RECTIFIER I 3 50 150
10 LED 1.8V 3 10 30
11 CRYSTAL OSCILLATOR 8MHZ 1 50 50
12 RESISTOR 100KQ 5 50 250
13 i 10KQ 4 20 80
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14 1.5KQ 3 30 90
15 1KQ 2 10 20
16 [ 10KQ (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 H
34 MISCELLANEOUS : 5000 5000
35 FAN SMALL 1 120 120
TOTAL N 14,410
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The complete circuit diagram of the uninterruptiptaver stabilize

L
220v AC

oz

IRFIDS

w

“ 11 300w

= i
L . L C8
- e OSCMCLKIN REQUT
0SCZCLKOUT RE{
4 RB2

RAQAND
RAIANA

RC3ISC .
RCTIRNIOT [ R18 [E

HEECS

LI §
R14
r— >

I

avo

| | 1avoc

—

%H

™

o4
IRFImS

21



