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1:1: 

ABSTRACT 

The purpose of this work is to develop a DC-AC Inverter/char'gel" unit as an alternative 

-, 
to use it generating sets because of its low cost and it's maintenance free nature. 

The components used in this design are locally available thereby making it possible to 

produce the inverter/chapger unit cheaply. 

The inveter/changer was designed using pulse wth momulation method of inverting and 

using power MOSFET as the main inverter switching component. 

The control signal is generated by Astable 111ultivibrator using Op Amp and then integrate 

after frequency 111ultiplication to give the switching signal. 

The invel1er/charger car power load up to I OOOVa fr0111 an ordinary 24vnlt car battery. 
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CHAPTER ONE 

1.0 INTRODUCTION 

With break through in intergrated circuit technology, electronic devices (lre made up of 

microelectronic components. These components have relatively low cost and they could 

be combined in some way to get very usend devices. 
r 
I .. 

Due to erratic power supply of electricity in Nigeria. Coupled with exorbitant cost 

of procuring generating sets. It became necessary to device all alternaive source of 

electricity at minimal cost and which is noise free 

An inveter is a device which convert direct current voltage into an alternating 

current voltage. Inverters are powered bybanks of batteries which are the source of direct 
-\ 

current voltage. 

The concept of invel1er is employed 111 uniterruptible power supplies for computer 

protection and in speed motor control application. 

The project consist of two unit viz: 

BATTERY CHARGING UNIT 

The simplest, schematic diagram of a battery charging unit is shown in Fig. I. I. A.c. 

input ti·om mains is to be stepped down by a step down transformer, it'is then rectitied and 

titltered. The tiltered output is passed through a voltage regulator and the regulated 

output can now be fed to the batteries for charging a battery charger level device is also 

incorporated. 

STEP DOWN 
RECTIFIER VOLTAGE OUTPUT VOLTAGE 

TRANSFERENCE ~ 
AND FILTER f--- REGULATOR LEVEL 

INDICATOR 

I BATTERY I Fig. 1.1 
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The methods used in charging batteries is as follows: 

1. Constant - voltage charging method 

2. Constant - current charging method 

3. Trickle or slow rate charging method 

4. Floating system charging method 

5 Booster/higher rate changing method 

The last three methods i.e. (3,4 and 5) is a modification of I and 2 

1 ) CONSTANT VOLTAGE CHARGING r .. 

It operates on the principle in which when the battery tends towrds it charge the terminal 

voltage will increase with increase in opposition to changing current where a balanced 

potential occurs between the battery charger and the battery. 

2) CONSTANT VOLTAGE CHARGING 
-I 

The battery charging takes place at a constant rate until no futher rise 111 the specitic 

gravity of the electrolyte takes place. 

INVERTER UNIT 

Here, the input d.c. is converted into pulses, which is a sinusoidal wave generated to be 

the control voltage and it also convert the saw tooth wave t<"mn which is voltage of 

triangular waveform. This inturn a set of power MOSFET on an off Fig. 1.2 shows the 

simplest form of an inverter. 

... 

Other controllable switches that could be used are Insulated Gate Bipolar Transistor 

(I.G.B.T.), Bipolar Junction Transistor (B..T.T.) and Thyristor (Silicon (Silicon Controlled 

rectifier). 

2 
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OUTPU T 

CONTROLLABLE POWER (A.C) 

PULSE SWITCHES f-- TRANSFORMER .. 
GENERATOR 

I I I 

Simplest form dc-a.c. inverter 

1.10 AIMS AND OBJECTIVES "\ 

The design of I OOOV A inverter/battery charger takes into consideration. 

* The tinal cost of construction of the Battery charger/inverter 

* The required power output which is up to 800W with 0.8 as power tllctOr. 

* The availability of electronic component readily I the market. 

* The size and weeight of device is also considered. 

The device provide the folIowing: 

* Cheap alternative to a generating set 

* Standby source of electricity when there is t~lilure from NEPA 

* Abstenance tl'om noise, vibrator, of generator because t he device allows a. c. 

power without noise. 

* Adequate power for appliance like, VCR, TV Stereo and lowly watted appliances 

independently of the public electricity supply in areas in which the supply is not 

available especially in the rural areas. 

1.20 . LITERATURE REVIEW 

The tirst high performance power inverter was introduced in I C)~3 by Heat Intert~lce who 

has been a leader in invelier/charger technology. 

Before the development of the dc - ac invelier of 250V A by H~art Intertace, there was no 
i .. 

other way of obtaining AC power other than fi'om the mains or standby generating set. 

The mains supply in Nigeria is quite unreliable and generating set are quite expensiye to 

3 
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Heat interface inverter/charger was the first reasonably priced commercially marketed 

inverter/ charger. 

'i .. 
In 19X4 Heat InteIiace patented and introduced inveI10rs utilizing iirst cifect transistor 

(i.e. MOSFETS). For the main power output devices. The use of l'vIOSFETS made the 

designs smaller because they are much more smaller than Bipolar junction transistors. 

1.3 PROJECT OUTLINE 
-I 

This project write up is dwell with the design and construction and testing of 1 OOOV A 

DC-AC inverter/battery charger and it gives sequential analysis of design processes 

involved. 

Chapter one contains concept of DC-AC inversion and battery charging and the various 

methods used in achieving this. The second chapter dwells with processes of designing the 

inverter/charger system. 

Chapter three deals with the process of assembling the various component part of the 

inverter/charger and testing of the design and so also the analysis of the result obtained. 

Chapter four outlines the conclusion, remarks, recommendation and references. 

4 

r 
I .. 



5 .. 

CHAPTER TWO 

2.J' SYSTEM DESIGN 

To facilitate easier construction of the inverter/charge system. It IS necessary to split 

complete system into simpler functional modules. 

2.1.0 COMPONENT SELECTION 

The major component employed In the design of the invel1er/charge include the 

followings: Power MOSFET, MOS PLL 4046, Voltage regulator IC, Power 

Transformer, counters and a number of resistors, capacitors and diode. 

2.1.1 VOLTAGE REGULATOR (78XX) SERIES 

This series of three terminal regulator are available with several fixed output voltages 

making them useful in a wide range of appliances. 

The voltages available allow these to be used in logic instrumentations. This series allows 

I.SA load current to be supplied with adequate heat sink provided. Current limiting is 

included to limit the peak output current to a safe value. Safe area protection is included 

to limit internal power dissipation. If internal power dissipation becomes too high for the 

heat sink provided, the thermal shutdown circuit takes over, preventing the Ie from over 

heating. Common output regulator voltages are 5,6,12,15 and 24 volts. 

(For 04V 13.2 V is a good charging voltage) 

2.1.2 POWER MOSFET 

I 

The inverter switching stage employ power MOSFET for switching purposes. ". 
.. 
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MOSFET is a majority carrier voltage controlled device i.e. a voltage of specified unit 

must be applied between gate and source terminals in order to produce a current flow in 

the drain. Fig. 2.11 shows the symbol of an N channel enhancement ·l'v{OSFET switch. 

When the power MOSFET is used as a switch, the voltage drop between the drain and 

source terminal is proportional to the drain current, i.c. the power MOSFET is working in 

the constant resistance region and therefore it behaves essentially as a resistive element 

consequently the resistance of the power MOSFET is an important features of merit .. 

because of determines the power loss for a given drain current. 

In effect, drain current starts to flow after a threshold gate voltage has been applied. 

Beyond the threshold voltage the relationship between the drain current and gate voltage 

is approximately equal. 
.\ 

In order to turn a MOSFET on a gate source voltage is needed to deliver sufficient current 

to charge the input capacitor in the desired time. The input capacitor is the sum of 

capacitors formed by the metal oxides gate structure, from gate to drain (CGD) and gate 

to source (CGS) 

b 
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To turn olT the MOSFET: Since it is a majority carrier semi conductor device it begins to 

turn off immediately upon the removal of conductance between drain and source, thus 

inhibiting any current flow Fig. 2.12 shows the terminal charllFteristics and load line of the 

power MOSFET. 
o 

Go-I~ 
s 

N-CHANNEL MODE MOSFET SWITCH Fig. 2.11 

VDD 
fRL 

Fig. 2.12 

r--------------------------
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2.1.3 DETAILED DESIGN PROCEDURE 

The inverter/charger system comprises of two main parts: 

(1) Battery charger module 

(2) Inverter module 

-, 
2.1.4 BATTERY CHARGER MODULE 

The charger consists basically of a step down transformer whose output is 

rectified using a full wave bridge rectifier Fig 2.4 shows the circuit arrangement of a full 

wave bridge rectifier and its associated wave forms. 

For a full wave rectifier 

Vo = VL ~ f7t V sinwt d(dt) 
1t .. 

Where 

V L is the load voltage 

Vsm is the maximum value of secondary volt. 

VL = 16.5V 

Vsm = 16.5 x -../2 

= 23.3V 

The output of the rectifier is filtered by 3360IlF, 35V capacitor fed into a 12 volts 

regulator. This produced a constant output voltage of 15V. The 317IC was used as the 

fixed voltage rectifier. 

The 317 has a maximum rating of 1.5A and it has to be f!1ounted on heat sink to 
i 

dissipate its maximum rated current. The output from the LM317 is also filtered with a 
.. 

lOIlF capacitor. 

8 



A TIP41A transistor connected in the emitter follower mode is used to increase 

charging current by a voltage of 0.6V which is dropped across the base and emitter 

junction of the transistor. A 200 lOW resistor was also used as a charging resistor. A 

power diode is used to block the reverse bias current. 

A battery voltage indicator consisting of LED which operates with the principle of 

comparing the battery voltage with a reference voltage of 12Y., 1O.5V 9V, 8Y. 

The charging resistance is needed in order to:-

(1) Drop excess voltage between battery level and charger voltage. 

(2) To protect charger semiconductors and battery itself 

CALCULA TrONS 

Choosing Assuming total reference resistance value = 10K 0 Total output voltage of 

charger = 12.8V Scaling for 12V indicator 

J1.x 100 = 93.75% of total resistance 
12.8 

93.2 x Will 
100 = 9.32kn 

= Will - 9.32 ill = 0.68 kn 

Scaling for 11 v indicator 

11 x 100 
12.8 = 85.9% of total resistance 

85.9x Will 
100 = 8.59kO 

= lOkO - 8.59 = 1.41kO 

= 1.41 - 0.68kO = 0.73kO 

Scaling for lOv indicator 

10 x 100 
12.8 

78.1 x Will 

= 78.1 % of total resistance 

, 
i 
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100 = 10kQ - 7.8 kQ = 2.2 - 1.41 = 0.78kQ 

scaling for 9v indicator 

2 x 100 
12.8 = 70.3% of total resistance 

70.3 x lOkQ = lOkQ -7.03kQ = 2.97 - 2.2 = 0.77kQ 
100 

Therefore, ground resistor = lOill - (0.68 + 0.73 + 0.78 + 0.77) kQ 

10 - 2.96 = 7.04 kQ 

10 
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!.1.S OPERA TIONAL AMPLIFIER ASTABLE l\1ULTIVIBRA TOR 

In its basic fonn this circuit requires only an op - amp, three resistors and a 

;apacitor. However, the approach employed in this circuit is representatively oscillators 

;ltilizing the timing circuits and components that change state (for example, comparators) 

at certain critical levels. 

Astable multivibrator has no stable states. Consequently, it continually changes 

back and forth between two states at a predictable rate the figure (2.13) below shows 

astable multivibrator implemented with an operational amplifier with biasing resistors. 

Vcc 

v-

C 
\1+ 

Fig 2.13 r 
i .. 

CALCULATIONS 

From the figure above 

r=y (1) 

-j 

But 

V(p) = 0, jwc == Sc 

11 



vo- V- = SCV 

vo - V =ScV-R I 

vo = SCVR1 + Vp 

----- (2) 

vO-V+ 
R2 

Since V (p) = 0 

Vo- y+ 
R2 

V+ R2 = VO Rs- VRs 

V+ (R2 + Rs) = VoRs 

V+ = VQR2 
R2 + Rs --

V+ - yep) 
R5 

-- (3) 

Putting equation (2) and (3) in (1) 

= 

VoRs SCR, + voRs = VoR2 + VoRs 

Rs SCR, + Rs = Rz+ Rs 

For F = 50HZ 

Jw = 2 1t 50 = l/R1C 

at the non inverting input 

12 
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... 

;etting C =0.47Jl f (polyester to charge in both direction) 

_1 
lJ =: 1001t x 0.47 X 10-6 

= 6.77kn 

Scaling approaching 

RJ = 6.8K + 4700 + 13n (in series) 

For 60 HZ 

_1 
RJ = 1201t x 0.47 X 10-6 

= 5.643 kO 
r 
i 

:::: 5.65kO 

Approximating scaling =5.65kn 

-\ 
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PHASE LOCKED LOOP 

A phase - locked loop is a closed loop feed back circuit in which a generated signa! 

established a synchronization on "lock" with an input signal depending on the circuit 

configuration and the manner in which the input and output are conncctcd, phase-locked 

loops may be used in FM detection, frequency multiplication and division, tracking, 

establishing a noise free reference in the presence of noise. 

it has a capture rangc which is thc rangc of tl'cquencies about the cCIlI re ti'equcncy at 

which the PLL can initially establish sychronizationand lock range which is the range or 

frequencies about the centre frequency at which the PLL can r,old lock, once it is initiaiy 

established. The phase lock loops includes, voltage controlled oscilIator YCO, phase 

detector, and low pass filter. The architecture of a phase locked look is shown below in 

Fig. 2.14 

INPUT 

OUTPUT 
VOLTAGE 

PHASE LOW L!MITER -I 

eOtv1PARATOR PASS 

~ FILTER 

I veo 

i 

ARCHITECTURE OF PHASE LOCKED LOOK Fig 2.14 

PHASE-LOCKED LOOP AS A FREQUENCY MULTIPLIER 

The operation of the PLL as a frequency multiplier is illustrated in Fig.... The circuit 

contain a divide by 32 counter in the feedback path wither the loop. The output of the 

circuit is the YCO output, and no look tilter is assumed for the illustration. It is also 

14 
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assumed that all or a portion of the look contains digital signal and components, since the 

frequency division circuit are most easily implemtned \'lith such techniques 

r Freq 

PHASE 
DETECTOR yeO 

Fo 

.. 
DIV1DER BY :n 
COUNTER 

Fig 2.1) 

Since reference frequency is 50Hz, 

Therefore, 

Output frequency is 

50 X 32 = 1600Hz or 1.6khz 

A divide by 32 counter is used since 

reference frequency is < 9 or >21 
r 
I 

Output frequency 
r 

For pulse with modulation 

The phase-locked loop employed in this project is the CMOS 404() 

15 



INTEGRATOR CIRClIlT 

This circuit perform mathematical processes of integration. These operation anses 

fi-equently in signal-processing functions. Ooth diO'erentiation and integration change the 

r 

shapes of waveforms i.e. square wave to triangular, rectang{I~1r to saw tooth) involved in .. 
accordance with the associated mathematical operation. The diagram shown below in fig. 

2. 16 shows an a c integration. 

I 
I 

Rf 
~ 

"\ 

~ 

Vi(t) / Vo (I 

~ RilJU 

Fig. 2.16 
... 

Due to d.c. effect voltage and bias current which gives linear increase of decrease in lamp 

voltage which affects the output of an integrator without resistor RF (i e. Time integrator) 

to slowly move toward saturation even with no signal present 

The introduction of RF will drop the gain at d.c. the input resistance is denoted as RI. 

Since a capacitor is an open circuit at d.c., the circuit redllces to a simple interting 

amplifier with gain - Rf/Ri at d.c. However, as the frequency increases, the magnitude of 

the capacitive reactance decreases and more or the signal current is shunted through the 

capacitor. 

CALCULATIONS 

For a triangular waveform as shown below in Fig. 2.17 

16 
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2 .................................................................................................................. L .............................................................................................................. .. 
70% V dd 

----------~~--~T~s-,----~~----------~~--------~--Vdd 

Since 

VO (t) = lIRe f Vi t + VO (t) 

Therefore, 

VO(t) = - Vi t x Vdd R2_ + k + Vddd R2 Where 

Gradient MI = 

M 1= -Vi + Vdd R2 
RT CT R1+R2RTCT 

But for M 1 to be positive 

Vi = 0 for equation ( 1) 

M = VddRz.. --

But for M2 to be negative 

Vi >0 (ie Vdd) 

M2 = - Vdd 
RrCT 

+ V ddR2 ------- (3) 
(RJ + R2) RrCT 

Since M 1 = - M2 from the wave form above 

Equating (2) and (3) yields 

17 

RT = Total resistance 
CT = Total capacitance 

-------- (1) 

(2) 

.. 
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& = 1- ..R2 
RI+ R2 RI + 2 

2R2 = RI + R2 
Therefore R I = R2 = 10k n (each) 

Thus, scaling R I and R2 for IOkD. each 

RI and R2 are biasing resistors 

Solving for RT and Gr 

Since MF = 32 

Thus, IfFo = 50Hz 

Then fs = 1000Hz 

T = 6,25 x164 = 62.5msec. 

T = T/2 = 312.25m sec. 

For safety and to accommodate different battery voltages 

(V2) - (VI) < V Jd i.e (voltage supply) 

Let 

(V 2) - (C 1)= 70% V dd 

V2=Vdd- 15%Vdd 

V2 = lO.2V 

When V2 = 10.2V 

When V 1= 1.8V 

Gradient = 10.2 - 1.8 
31.2xlO-3-0 

t = 31.2m sec 

t = 0 sec. 

18 
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MJ = 269.23 V/sec 

M2 = -269 .23 m V/sec 

From Equation (2) 

MJ = Vdd Rl 
(RJ + R2) RrCT 

269.23 = 12 Rf 
(2R2) RTCT 

From Equation (3) 

-Yo.! R2 
(RJ +R2) RrCT 

-269.23 = -12 + 12R2 
RrCT (2R2) RTCT 

From Equation (4) 

269. 23 RrCT = 6 

RT = O. 022CT ---------- (6) 

From Equation (5) 

- 269 .23 = --ll + _6_ 
RTGr RrCT 

-269.23 =~ 
RrCT 

-------- (7) 

Putting equation (6) in (7) 

- 269.23 =-6 - ~ 

O.022C~T 

- 269.23 = - 269.23 C2
T 

C2
T = (-269,23) 

(-269.23) 

= I 

°1 

.. 

°1 
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RT = O.022CT 

= 0022 X 1 

RT = 22mQ 

POWER TRANSFORMER 

A transformer is a state or stationary piece of apparatus by means of which electric power 

in one circuit is transformed into electric power of the same frequency in another circuit. 

The voltage can be raised or lowered but with a considerable drop in current. 

The transformer comprises of two windings. 

The primary and secondary windings. 

The transformer used for the inverter/change is a step up transformer 

IfVo\t/turns ratio = 0.284 

Then 220 = 0.284 

r 
i .. 

x = 775 

Thus feed back ratio 

Taking 12V out of220V loading 

~_ = 12 = 0.054) -\ 

Number of turns tt)r feedback 

Nr = 0.0545 X 77) 

= 43 turns 
20 

.. 



For the secondary winding 

18 X 775 = 63 turns 

200 

NL 63 

Np 775 

Where 

N, = Number of turns in the secondary 

NI' = Number of turns in the primary 

To calculate for area of core used 

Volt /turn 

...JKV NPhase = KcFBIll X 4 

Substituting in the value 

Bm = maximum flux density in the core = IT 

Kc = 4.44 

Kva /phase = 1K watt 

f = 50Hz 

Volt Iturns = 0.284 

21 

Area == 0.284 

4.44 X 1 X ...J I 000 X 50 

== 0.001279 

= 0.284 

7020.24 

._ Area = 12.79 cm3 

.A.rea of core is propoI1ionai to the square of stacking length 

Acore= (c1)2 

C = core constant = 0.45 

21 

"\ 



22 

L == --J Area 

--Jc 

...J 0.0533111 

L == 5.33c111 

Number of lamination used, 

== Length 

Lamination thickness 

== 0.0533 

0.5 X 10-3 

= 106.64 laminations = 107 laminations r 
I .. 

Number of laminator = 107 

Let Vl'Il' = V sIs If efliciency is 98% 

Power out == 98% 

using P.F.l Cos 0 == J 
0\ 

Vs Is = 98 VpIp ..... (\) 

100 

But V,I, == 1000 

1000 = 0.98 X 24 X lp 

0.98 X 24 == 42.'sA 

220 == 4.'s4'sA 

22 



For the guage of wire lIsed 

Output is 1000 watts 

Power factor (PF) is unity at output 

Choosing maximum current density (.I) = I () Amp/ml1l2 

Cross sectional area of coil is 1l11l1
2 

Maximum Area of copper required (mm) mm2 

-J ---1'-- 42.5 = 4.25m1112 (for the input) 

r 

Jmax 10 I 

Minimum Area of copper required 

= L = 4.85 = 0.485mm2 = for the output) 

~ma'\ 10 SWCi () 

From the conversion table, 

0.485111m2 is approximately SWG 25 

4.25m111 is approximately 

23 



CHAPTER THREE 

3.0 CONSTRUCTION AND TESTING 

3.1 CONSTRUCTION PROCEDURE 

The process involved in construction include pre-construction and bread board and then 
r 
i 

transfered on veroboard after necessary modification is completed on the prototype if .. 

needed. 

According to the circuit diagram, the battery change module was tirst connected and the 

output voltage was measured. The circuit was then transferred onto the \crllbllard. 

-\ 

The inverter module was also connected on the bread-board and the output waveform 

oscillator and frequency multiplier is observed on the oscilloscope befor eit is transffered 

on to the veroboard. 

The holes for transformer, battery level LEDS and other necessary prepelation were made 

on the pre-fabricated casing. A strong case was necessary for this because of the heavy 

component of the inventer/changer. 

The l\10SFET were than mounted on an aluminium heat sink and screwed down. The 

connecting wires were then connected to the various points as it is in the circuit diagram. 

The heat sink was necessary because of the heat dissipated by the power MOSFET. The 

component were finally assembled together in the casing. 

\VINDING OF THE POWER TRANSFORMER 

The shell type magnetic care was chosen. The core is made tl-om steel lamination which 
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have desirable propeliy of availability, low cost low core loss, high permability and flux 

density. 
r , 

A concentric type of winding was used in which <'II_e. 'Comluctm \\';\s first woulld 011 the 

plastic former and insulation was being made atter'each IUllger till thL~ ell-sired Ilulllber or 

turns were obtained 

L 
The leads were brought out after each round of de~sired number of turns were reached 

-, 
The secondary winding were wound on top of the primary care Vvindill~ This too was 

done for each desired number of turns for each voltage. 

Lamination were then arranged through the central hIe using the C Clnc! J parts until the 

construction was completed. The core was laminated to reduce vibration and hence 

excessive noise varnish was then used to reinforce the insulation of the winding conductor 

to prevent contact of copper wire on iron lamination and for separation of various layer of 

copper windings, and insultion of any joints in the winding. 

3.3 TESTING 

Having ensured that all the necessary connection were fully made, the inverter/charge was 

connected to two 12V 60A'h car battery that is connected serinlly TIll' nut put voltage 

was then measured Various load were applied to the output of the inverter units Their 

respective power consumption over a period of time. 

3.4 RESULT 

Since. the invel1er was powered by a bank of batteries it was necessarv tn consider the 

power consumption rate hom the battery. The Tab 3. I shows the pOWl,;r consumed by 

some appliances over a period of time. 
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RECOM M ENDA TION 

The future improvement, I would recommend that the charger unit must he designed to be 

able to deliver lip to 1000 amp or more as charging current S(I that large hattery hanks can 

be quickly chaged. Deep cycle battery which have relatively thick ic:ad pLllC:S alloyc:d with 

aantomonyor calcium to make them harder as better suited to deep discharge and use for 

inverters than engine starting batteries. 

Engine starting batteries use a high number of very thin plates features like low battery 

shut down which prevent overcharging. 

The inverter/charger cna be made to be completely independent of NEP/\ by attaching 

solar panel to make a complete installation. 

r 
; 
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