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ABSTRACT 
In this paper, an inverter  system  of  1KVA  Power  is  designed  from transformation 
ratio equations and relay configuration and on to  electronic  components  and  devices  
that  converts  DC  Supply from Battery to AC  Supply  suitable  for  household  and  
office  appliance  to  cater  for  instability   in  power  supply.  The  AC  supply  given  out  
has  a  relatively  smooth  Sine  Wave  required  for  normal  operation  of  any  
appliance. The  Inverter  is  designed  to  operate  for  a  minimum of  thirty (34)  
minutes,  which  depends  on  the  ampere  hour  rating  of  battery  used  in  the  
inverter. The charged battery  of the  1KVA  inverter  is  capable  of  maintaining  the  
continuity  and  quality  of   electric  power  supply in  a  living home  with  a  battery  
charger  using  a  square  wave  oscillation,  power  MOSFET  switching  circuits  and  
two  lead  acidic  60AH  batteries. The results of the analysis of the inverter interface are 
attached as appendix. 
 
Key Words: Power MOSFET, Removable Energy, Silicon Controlled Rectifiers (SCRs), Warning  
  Circuit. 

 
Introduction 
Electrical  power  since  its  invention  has  been  the  major  backbone  for  most   
technological advancement.  Over  the  years,  new  thought,  ideas  and  invention  
have been  established  due  to  existence  of  electricity [2,12].  In  this  fast  pace  world,  
almost  every  aspect  of  human  endeavors  involves  the  use  of  electricity,  since  it  
is  the  working  principle  of  most  equipment. The  reliability  of  this  power  supply  is  
now  of  great  importance  since  most  equipment  such  as  those  used  for  data  
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processing,  life  support,  communication  and  other  control  related  functions  require  
continuous  supply  of  electricity.  Sometimes  this  utility  discontinues  due  to  
interruptions  which  may  be  long or  for  a  short  while.  An  inverter  is  used  with  
these  sensitive  equipment  to  serve  as  a  form  of  backup  power  supply,  so  that  
operations  of  such  equipment  will  not  be  affected [4,9]. 
 
An  inverter  basically, is an  electronic  device  that  takes  in  small  direct current  
voltage  and  steps it  up  to  an  alternating  current  voltage.  The  A.C  supply  given 
out  has  a  relatively  smooth  current required  for  normal  operation  of  any  
appliance.  It  can  be  regarded  as a noiseless,  smokeless,  electronic  generator,  
simple  to  operate  and  required  no  other  running  cost  order  than  cost incurred 
during design.  It  is  self-charging,  whenever  there  is  power  supply  from a national 
grid and can be used  with  solar  panel  (solar  cell)  to make  the  equipment  a solar  
system. The inverter operates either automatically or manually [1, 3].  The  automatic  

operation   require  no  assistance  from  the  user,  that  is  when  power  goes  off,  no  
interruption  or  shutdown  of  power  is  noticed. In case  of  manual  operation,  it  
required   the  user  to   switch  the  inverter  ‘ON’  when  power  goes  off.  This gives 
the chance of removing appliances, which required more voltage than the rating of the 
inverter [4, 8]. 
 
Power inverter is a very useful device which can convert low voltage from a DC source 
to high voltage AC. The most common power inverter is 12V to 240V inverter. Perhaps 
that is because 12V batteries are common. This type of power inverter usually draws 
current from a DC battery. This battery should be able to provide a high flow of electric 
current. Normally, lead acid batteries can serve this purpose very well. This current is 
then converted to 240V square wave alternating current so that we may empower those 
electric appliances which work on 240V instead of 12V. A new inverter circuit reliable 
enough to generate  240  volt  with  a  frequency  of  50Hz  using  two  12volts 60 Amp 
Hour batteries is designed in this paper; which is comparable to any professionally 
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made inverter but still is simple enough to solve the problem of power outage when the 
supply of power is most needed in a home. The principle is  that  the  inverter  serves  
as  a  form  for  much   power  supply  in  the  event  of  power  outrage  or  failure  for  
much  power  sensitive   equipment;  it  is  also  used  with  solar  panels  for  the  
generation  of  electricity  as  a  form  of  removable  energy [11, 12].  
 
Literature Review 
This progress in power electronics technology has been largely driven by the 
appearance of successive generations of gate-controlled power switches beginning with 
Bipolar Junction Transistors (BJTs) followed by the Metal–Oxide–Semiconductor Field-
Effect Transistor (MOSFETs) and Insulated Gate Bipolar Transistors (IGBTs) [10, 11]. 
These power switches have gradually taken over more and more of the applications and 
power ratings previously dominated by Silicon Controlled Rectifiers (SCRs) and Gate 
Turnoff Thermistors (GTOs). The availability of these new switches has made it possible 
to shrink the size of industrial AC adjustable-speed drives (excluding the machine) by 
an order of magnitude during the past 20 years while halving their cost per kilowatt. 
Industrial drives generally fall into one of three categories based on their power ratings 
[5, 7]. The inversion process of inverter can be achieved with the help of Silicon 
Controlled  Rectifiers  (SCRs)  which  are  used  to  achieve  medium  or  low  power  
output. Transistor  inverter  are  more  simple,  high  efficiency,  greater  reliability  and  
has  high  switching  speed,  it  can  be  divided  into two  types,  these are  self-excited  
inverter  and  driven  linear  inverter. The self-excited  inverter  has  its  oscillator  stages  
and the power  stages  combined, while  the driven  inverter  has its  power  and  
oscillator  stages  separately.  The  driven  inverter  is  employed  in  this  paper  
because  of  its  high  efficiency. The  stages  to  be  considered  are: The  charging  
stage, The  oscillator  stage, and The  buffer  stage [6,8]. 
 
Charging Stage 
The  inverter  input  voltage  is  24V  direct  current  and  for  the  80%  efficiently  of  the  
inverter  running  of  equipment  at  1500VA [7, 9].  
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Current drain will be  
푃표푤푒푟 (푣표푙푡 − 푎푚푝푒푟푒 ÷ 푣표푙푡푎푔푒) … … … … … … … … … … … … … … … … … (1.0) 

 
1500 ÷ 24 = 62.5퐴푚푝푠 . 
 
Since the battery specification is two of 12Volts, 60AH. Hence, it delivers for:  
 
0.8 × 60

62.5  = 0.768 ℎ푟푠 표푟 43 푚푖푛푠 

 
The  time  of  charging  depends  on  the  transformer  ratings,  which  are  30 Volts   
6Amps  and  the  battery charging time = 60퐴퐻 ÷ 6퐴 = 10ℎ푟푠 
 
Oscillation Stage 
A  dual  switching  regulator  is  used  here,  which  perform both  the  timing  and  
signal generator  functions [4, 6].  It gives a continuous signal of 50Hz and 50V at each 
output channels.  
Frequency of oscillation: Desired frequency (f) 50Hz  
Period of oscillation (T) =1/f =1/50 =0.02 sec.  
A  capacitor  C  value  of  0.1 f  was  chosen  and  the  value  is  determined  from  the   
above  formulae. 

 
푅 = 1/1.1푓푐 …………………………………………………….………………………………..  (1.2) 

 

R =
1

2푎1.1 × 50퐻푧 × 0.1 × 10 

 
푅 = 181.82푘Ω 
          
So,  A  100kΩ  resistor  and  a  100kΩ  variable  resistor  were  chosen [1, 9]. 
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Buffer Stage 
In  order  to  be  able  to  drive  the  gate  of  power  MOSFETs,  gate  transistor  C945  
were  chosen.  These  drives  were  connected  in  a  common  collector  arrangement,  
which  is  emitter  follower  arrangement [5, 6]. 
The output voltage is given below 

 
푉1 = 푉퐵 − 0.6 … … … … … … … … … … … … … … … … … … … … … … … … … (2.1) 

 
= 5.0 − 0.6 = 4.4 푉표푙푡푠 

 
And output current is given as; 
 

퐼퐸 =
푉퐸
푅퐿 … … … … … … … … … … … … … … … … … … … … … … … … … … … … (2.2) 

 
퐼퐸 = 4.4 ÷ 22 = 200푀푎 
 

The battery consists of  positive  and  negative  plate, separators  and electrolyte,  all  
contained  in  the  many  compartments  of  the  battery  container. The battery charger 
is  an  electrical  device  that  is  used  for  charging  the  battery [6, 10].  It  changes  the  
alternating  current  from  the  power  supply  direct  current  suitable  for  charging. The  
use  of  IRFPI50 was encouraged because  of  its  high  wattage  and  internal  
protection  device.  Six  pieces  of  this  are  employed  at  each  half  of  the  inverter [6, 

11]. 
 

Analysis of Inverter Circuitry 
The  LM393  comparator  and  the  three  contact  relay  are  the  major  component  of   
the  operation.  At  the  flow  of  AC  supply,  the  relay  recognizes  the  presence  of  
AC  and  the  inverter  section  is  isolated  from  the  unit  and  connects  the  battery  to  
the  charger. The  three  contact  relay  charge  and  transfer  the  circuit  from  one  
mode  to  the  other.  At  the  failure  of  the  AC  supply,  it  transfers  the  circuit  to  the  
inverter. At  this  instance,  the  battery  is  transferred  to  the  board,  the  inverter  
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assumes  a  link  to  the  socket  output  and  the  charger  is  disengaged.  All this 
operations are undertaken in less than one second [2, 3]. The  battery  charger  continues  
to  charge  the  battery  in  the  presence  of  AC  supply  as  long  as  the  battery  is  
below  the  rated  battery  voltage  of  12volts.  The  battery  warning  circuit  and  the  
battery  protecting  circuit  both  protect  the  battery  from  being  over  drained.  This  
will  occur  whenever  the  battery  voltage  goes  below  the  configured  value  of  
5volts.  Before  the  battery  reaches  the  value,  the  protecting  circuit  would  have  
started  given  a  sign  of  warning  to  disengage  the  inverter  which  will  eventually  
be  cut  off  as  soon  as  it  reaches  the  set  voltage  [6, 10].  
 
The  capacity  of  the  battery  is  basically its  ability  to  supply  given  amperage  for  a 
given  period  of  time  at  a  given   initial  cell  temperature  while  maintain  voltage  
above  a  given  minimum  level. The   ampere-hour  rating  is  simply  the  product  of  
the  discharge  time  multiplied  by  a  given  time  period. Battery has different   ampere 

hour ratings, for example, 60Ah battery.  To  get  the  time  of  discharge  depends  only  
on  the  capacity  of  the  battery  but  also  on  the  load  it  is  carrying  at  that  
particular  period as shown in table1.1. 
 

Table 1.1:  Battery Capacity and Discharge Time 
DC  Volts Inverter Power 

Rating 
Battery Ampere 

Hour 
Discharge Rage (Inverter) Discharge time 

V KVA AH A Hr 

24 2000 32 83.33 0.38 
24 2000 35 83.33 0.42 
24 2000 40 83.33 0.48 
24 2000 45 83.33 0.54 
24 2000 50 83.33 0.60 
24 2000 60 83.33 0.72 
24 2000 70 83.33 0.84 
24 2000 80 83.33 0.96 
24 2000 90 83.33 1.08 
24 2000 100 83.33 1.20 
24 2000 120 83.33 1.44 
24 2000 150 83.33 1.80 
24 2000 200 83.33 2.40 
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The “Peukert’s Formula is used for calculating the battery life     
 
푇 =   … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … (2.3)       
 
Where  C  is  the  theoretical   capacity  (in  amp-hours);  to  equal  actual  capacity  at   
one  ampere. L is  current  (in  amps), T  is  the time  (in hours),  and  n  is  the  
Peukert's  number  for  the  battery. The  Peukert's  number  shows  how  well  the  
battery  holds  up  under  high  rate  of  discharge. Peukert of 1 is adopted in this 
calculation.  For example, 
C = 80Ah                           
I = 83.33A               
n = 1 
Therefore; 
    푇 =  

.
= 0.96ℎ푟푠                                                                 

In minutes, 0.96hr is equal to 57.6minutes 
Hr       sec 

0.96 × 60 
 

=  57.6 푚푖푛푢푡푒푠 
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Table 1.2:  Battery Capacity and Discharge Time Using Peukert’s Formula 

 
The  operation  of  the  unit  is  that  a  backup  protection  can  be  obtained  for  any   
load  connected  across  its  output.  When  this  unit  is  connected  to  the  means,  the  
relay  isolates  the  inverter  section  of  the  unit  and  connects  the  batteries  to  the  
charger.  At  this  point,  the load  on  the  unit  is  directly  connected  to  the  mains.  
However,  when  failure  of  the  mains  occurs  the  relay  de-energizes,  disconnect  
the  charger  from  the  batteries  and  connect  the  batteries  to  the  inverter  section  
that  then  supply  the  load [9, 12].  
 
Inverter Circuit Design 
The  Metal-oxide  Semiconductor  Field  Effect  Transistor (MOSFET) was used for  the  
inversion  process  because  it  has  negative  temperature  coefficient  (which  makes  it  

Theoretical 
Capacity      
Ah                               

Peukert's 
Number 

Rate Of 
Discharge   A 

Actual 
Capacity   Ah 

100% 
Discharge 
Time (Hr) 

80% 
Discharge 
Time (Hr) 

20% 
Discharge 
Time (Hr) 

         60     1.00       5.00    120.00    12.00     9.60     2.40 

         60     1.00      10.00    120.00     6.00     4.80     1.20 

         60     1.00      15.00    120.00     4.00     3.20     0.80 

         60     1.00      20.00    120.00     3.00     2.40     0.60 

         60     1.00      25.00    120.00     2.40     1.92     0.48 

         60     1.00      30.00    120.00     2.00     1.60     0.40 

         60     1.00      40.00    120.00     1.50     1.20     0.30 

         60     1.00      50.00    120.00     1.20     0.96     0.26 

         60     1.00      60.00    120.00     1.00     0.80     0.20 

         60     1.00      70.00    120.00     0.86     0.69     0.17 

         60     1.00      80.00    120.00     0.75     0.60     0.15 

         60     1.00      90.00    120.00     0.67     0.54     0.13 
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more  thermally  stable),  high  frequency  response,  and  high  immunity  to  radiation  
than  bipolar  junction  transistor [3, 7]. The approach is particularly considered with a 
type of multi-vibration oscillator. Multi-vibration  are  basically  two  stage  amplifier  with  
positive  feedback  from  the  output  of  one  amplifier  to  the  input  of  the  other. The  
feedback  is  supplied  in  such  a  manner  that  one  transistor  is  driven  to  saturation  
and  the  other  to  cut-off, it  is  then  followed  by  new  set  of  condition  in  which  the  
saturated transistor driven to cut-off and the cut-off transistor is  driven  to saturation. Its  
operation  is  that  when  an  alternating  current  is  connected  to  the  winding  at  the  
primary side  of the transformer, an  alternating  flux  is  set  up  in the laminated  core,  
most  of   which  is  linked  with  the  other  coil  [or  winding  at  the  secondary  side  of  
the  transformer]  in  which  it  produces  mutually  induced  E.M.F  in  accordance  to  
Faraday's  laws  of  Electromagnetic  induction, 퐸 = 푀흋풅풕. The transformer design ratio 
as shown in the design equations of the transformer is a step up one, allowing the input 
voltage to be magnified at the output side. 
 
Equations of the transformer 
Let 
N1 = Number of turns in primary 
N2 = Number of turns in the secondary 
ΦM = Maximum flux in core Weber’s 
F = Frequency of alternating current input in   Hertz 
Average  rate  of  change  of  flux  that  as  a  period  of  T  seconds 
 
휑푚푥 (1 ÷ 4 ) = 4푓휑푚… … … … … … … … … … … … … … … … … … … … … (2.4) 
 
Since  the  flux  is  alternating,  the  root  mean  square  value  of  induced  E.M.F  is  
obtained  by  multiplying  the  average  value  with  the  form  factor, = 1.11 × 4휑푚 =
4.4푓휑푚   
 



Design Of Home Use Power Inverter Circuitry Interface 
 
1Japheth B.R. and Spencer P. 
 

175 
 

The  root  mean  square  value  of  the  induced  E.M.F  in  the  whole  primary  winding  
is 
퐸 = 푁 × 4.44푓휑푚 = 4.44푁 푓휑푚… … … … … … … … … … … … … … … … . … (2.5)                      
Likewise that of the secondary is E₂ = 4.44 ƒ휑푚N₂   
It’s seen that:  
E ÷ N = 4.44푓휑푚 =  E ÷ 푁  
That is 
E
E =  

퐸₂
푁₂ = 퐾… … … … … … … … … … … … … … … … … … … . … … . … … … … … (2.6) 

Where K is called the voltage transformation ratio (s) 
In  a  single  transformer,  the   window  space  occupied  by  the  primary  winding  is  
approximately  equal  to  that  occupied  by  the  secondary  winding.  Thus, the copper 
area for each winding is: 
Na = 0.5k Aw 
Where; 
Ks = Copper space factor or window factor: 
AW=Window area 
N = Number of turns of the coils. 
With  current  density  J  assumed  to  the  same  for  both  primary  and  secondary  
windings  the  current  in  a  winding  of  N  turns  is  given  by: 
I = 푎푗 =  . … … … … … … … … … … … … … … … … … … … … … … … … … … (2.7)                                                                   

Recall that; 
E = 4.44푓휑푚퐴₁                                                                                   
Hence,  for  current  I  the  rating  S1  in  volt  amperes  is: 
S = E = 4.44푓휑푚 =  M × 1                    

= 4.44푓휑 ×  .                                          

= 2푓휑푚 =  AωK₁                                             

= 2.2푓퐾푠 (퐵푚)(퐴푘퐴푤) … … … … … … … … … … … … … … … … … … … … … … (2.8)                                                                    
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If  the  ratio  of  the iron  area  of  the  core  areas  of  the  window  is  denoted  by 
  B = 퐴₁

퐴₂ 

For a simple phase transformer 
= 2.2푓퐾 (퐵푚푗)(퐴푘퐴푤)           
 

  =
2.224퐹휑푚퐴

퐵 … … … … … … … … … … … … … … … … … … … … … … … … … … (2.9) 

 
And   Ka(푆 ) . … … … … … … … … … … … … … … … … … … … … … … … … . . … (2.10) 
Where; 
Ѕr = Apparent power rating 
F = Frequency of   operation 
B = coil diameter 
Ka = constant depending on the core cross sectional area. 
 
With  the  equation  stated,  the  starting  point  for  the  design  is  usually  a  known  
value  of  the  volt-ampere  rating  Ѕr  that  is  calculated  using  the  specification  of  the  
design,  the  voltage  per  turn  E1. 
 
E =  

 
… … … … … … … … … … … … … … … … … … … … … … … … … … … … . . (2.11)      

 
Where  V  =  voltage  at  primary  or  secondary  side  for  shell  per  transformer, K  has  
a  value  of  about  0.04. After  the  number  to  be  used  for  both  the  primary  and  
secondary  windings  has  been  obtained  using  the  equation  above,  the  current  at  
the  primary  and  the  secondary  are  also  determined  so  as  to  be  able  to  choose  
the  size  of  wire  to  be  used.  Note  that,  the  low  voltage  side  is  normally  required  
to  carry  less  turns  and  large  current  while  the  high  voltage  side  require  more  
turns  and  carry  less  current(s). 
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The circuit design of the present inverter contains sections. The low battery section is  
made  up  of  LM93  (operational  amplifier,  dual  op - amp)  and  NE555  timer.  The  
fixed  reference  voltage  is  connected  to  the  inverting  input  of  one  of  the  op-amp  
and  the  output  is  used  to  trigger  NE555  timer  which  is  biased  in  a  mono-stable  
configuration. The  delay  time  for  the  mono-stable  configuration  is  as  shown  
below: 
T delay = 1.1 RTCT 
RT = 100Ω,  
CT = 22 f 
=  1.1    100 훺    22 푓 
=  2.42 푠푒푐 
 
From  the  formulas  that  have  been  discussed  before,  the  following  can  be 
calculated: 
Current at the secondary side of the transformation is: 
푃표푤푒푟 푖푛 푣표푙푡 − 푎푚푝푒푟푒 ÷  푉표푙푡푎푔푒 푖푛 푣표푙푡푠 

 

−12 =
2000
240 = 8.33퐴푚푝푠 

 
Recall from the transformer equation 
푉
푉 =

12
11 

 
푉 푉
푉 =

240푣표푙푡푠 × 8.33퐴푚푝푠
24푣표푙푡푠  

 
= 83.33퐴푚푝푠 
 

Mains  from  national grid  is  connected  to  A.C  sensing  transformers  (12V  step  
down  transformer) to produce  24V  D.C. Full rectifier voltage 7805  biased  to  produce  
5V  for  the  surge  protection  circuit  comprising  of  LM393  and  NE555  timer. The 
delay in time is calculated as shown. 
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CT = 47 f 
RT   = 100kΩ 

푇 푑푒푙푎푦 = 1.1 × 10 × 47 × 10   
=  5.17푠 

The relay configuration as shown in figure 1 contains three compartments. Contact one, 
supplies  to  the  board  switches  to  the  normally  opened  terminal  (NO),  meaning  
that  the  output  line  switches  to  the  normally  opened  terminal  on  AC  (national 
electric)  supply.  That  is  the  inverter in the next compartment  is  isolated  as  soon  

as  there  is  the  presence  of  AC  (national electric) power supply, on  contact  3,  the  
terminal  to  the  charge  switches  to  the  normally  opened  terminal  that  is  on  the  
AC  (national electric)  supply  terminal,  meaning  that  there  is  supply  to  the  charger  
for  it  to  charge  the  battery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig1: Configuration of Three Contacts Relay 
 
 

L (National Grid) Socket Outlet 

Battery

L (To charger) From National Grid (L) source Contact 3 

From Inverter Contact 2 

L 

NC 

Contact 1    12v supply to the board 

NC 

NC 

NO 

NO 

NO 
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Conclusion  
This past decade has witnessed major advances in power electronics technology for 
both industrial and traction drives. These advances have made it possible to 
significantly improve the electrical performance of these systems while simultaneously 
reducing their size and weight and, perhaps most importantly, reducing their cost. 
Improvements in all of these key metrics are expected to continue as evidenced in this 
paper. The future of both industrial and traction drives depends not only on advances in 
the underlying technologies, but the economic and regulatory climate in which they are 
developed. Despite the risks of predicting future trends, there are sufficient reasons to 
expect that increasing global concerns about efficient electrical energy utilization, 
transportation fuel economy, pollutant emissions levels, and electrical power quality will 
increase if inverters are neglected as major substitutes to electrical power supply. The 
developments outlined in this research work bear testimony to the major progress that 
has been accomplished in applying new power electronics technology to home use. 

Although the improvements sometimes seem painfully slow and labored, the rate of 
technical progress is actually very impressive. 
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Appendix 
 
This section displays the graphs of the design analysis of the inverter interface 

 DC Volts Power Rate Amp/hr 

Discharge R1 24 1KVA 32 

Discharge T1 24 1KVA 35 

Discharge R1 24 1KVA 40 

Discharge T1 24 1KVA 45 

Discharge R1 24 1KVA 50 

Discharge T1 24 1KVA 60 

Discharge R1 24 1KVA 70 

Discharge T1 24 1KVA 80 

Discharge R1 24 1KVA 90 
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Fig 2: Graph of Battery Capacity and Discharge Time 
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 DT (hr) 1 DT (hr) 2 DT (hr) 3 

Ah 12 29.6 2.4 

Pnumber 6 4.8 1.2 

Discharge R 4 3.2 0.8 

Actual Ah 3 2.4 0.6 

Ah1 2.4 1.92 0.48 

Pnumber 1 2 1.6 0.4 

Discharge R2 1.5 1.2 0.3 

Actual Ah1 1.2 0.96 0.26 

Discharge R2 1 0.8 0.2 

Ah2 0.69 0.69 0.17 

Actual Ah2 0.6 0.6 0.15 

Pnumber2 0.67 0.54 0.13 

 

 
 
 

 

Reference to this paper should be made as follows: Japheth B.R. and Spencer P. (2013), Design of Home 
Use Power Inverter Circuitry Interface, J. of Science and Multidisciplinary Research Vol.5, No.1, Pp. 166 – 
182.  
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Fig 3: Graph of Peukert’s Formula 

 


