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ABSTRACT 

i This project is concerned with the design, construction and testing of a 
l frequency converterwhicb is a device that convert the main frequency signals of 50 
~ Hertz to a frequency signal of 400 Hertz, used to operate aviation equipments, 
~ 

I powered via a.c. SOUR:e. 

1. The major features of this project is the frequency multiplier from a phase lock loop 
J (PLL) design comprising of a phase comparitor, filter circuit, a voltage control 
1 regulator which are aompact in a 4046 digital Ie. A frequency counter which 
t multiplies the frequeocy by a factor of 8 from 50 to 400Hz. 

I.. Also a wave shaping cimlit is designed where the square wave produced by the 
, ftequen~ ~u1tiplic:r is shaped back to sine wave which is the suitable fonn used to 
1 power aVlatJon eqwpmeoL . 
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CHAPTER ONE 
GENERAL INTRODUCTION 

1.1. INTRODUCTION 
The frequency of a periodic wayefonn is the number of oscilliations per unit 

time. One of the basic properties of a wayefonn which could be triangular 
sinusoidial pulse or stair case signals. But in this project a square wa\'e and sine 
wa ve v.]s used. 

Different devices operate at different frequen'cies. (depending on the de\'ices,) 
. Considering the Aviation equipment which operates at frequencies higher than that 

provided by the mains supply which is at frequency of 50 Hertz, There is a need to 
convert the frequency signals from the mains to a higher signal of exactly 400 Ilertz 
for signals needed to operate aviation equipment. Thus. frequency cOJ1\'crtcr can he 
used for this purpose. 

The frequency converter is an instrument that can be used to COl1\'('rt the 50117 
from the main supply to 400Hz needed to operate a\'iation devices, It is a \'ery lIseful 
device in laboratory for engineers. technicians and students as well. especially those 
in aviation engineering department. 

In this projec~ the phase lock loop circuit for frequency multiplication is 
adopted to get the hannonics of the mains frequency to realize 400llz in hui Iding the 
frequency converter. 

I 

1.2. LITERATURE REVIE\\' 
At the beginning of the 19th Century. Spencer produced frequency generator by thd· 

connection of analog component.s to generate a multiple frequency of the input frequency, 
And since the invention of transistors. by J ,k. Louis, L. J, T\taxwcll. and F, B, SP\.'IlCCII 

in 1950 made possible the invention of 4046 integrated circuit. 
There was a need for a"iation equipment to be serviced on ground which Jed tl' thl1 

discovery of the frequency multiplier used in this project to impro\'e or sustain present a~ thd 
case may be. 

~.3. PROJECT OBJECTIVE AND MOTIVATION 
\ The objective of the frequency converter are \'ery important in the sequence of dl'~igl1 
i\S and electronic components were used and during actual construction students get familiar 
}h such components as resistors. transistors. capacitors, etc, . 
. ! During the design sequence and constmction. students learn the ability to practically I'llt 
: se the knowledge acquired in electrical department by the various ideas and rrirH:ipk" 

t by the lecturers; the fundamental ideas during analog electronics and secretary Ct'ur::'l" 

ertaken by the student in the'department. The ahility to analyse and soh-e rri.'Hl'Itl~ 

mplete expression. Do embelish this! 
•• -.: •. - ,.,t" thie nroiect is also to pnwide a frequency converter instrtlJlll'nt 
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104. PROJECT oun INE f 

The frequency converter is an important instrument used to com'ert the main frL'lIUL'llI.:i 

signals from its 50Hz, to hig.her frequency. This thesis highlights thc design pnll'I,:dlld 
involved in the design construction. and testing of digital testing con\"crtcr. 

Chapter One enumerates the general introduction into the project as a \\ Iwk I,: 
introducing a device gi\'ing the literature review and the objectives of the fi'c4uency Cll!1\ L'rtL'~ 

Chapter two explains the steps involved in the system design. the operating. rrincil'k ,~ 
the frequency converter .. the consideration involved in choosing the Hertz ami Cll llll',llll'lltt 
used. The different system blocks that makes up the frequency com·erter. 

Chapter three covers the details of construction. testing and trouhle shooting and thf 
results obtained at the end of the project along with how various components were slwllh.lL'rL'~ 
on a veroboard and how the de\'ice was tested. 

Finally, Chapter four discusses the conclusion reached and the rccommembtillll ~i\ L'" 



CHAPTER TWO 

SYSTEM DESIGN AND ANALYSIS 

2.1 OPERATING PRIXClPlE OF THE FRFQllF1\CY rON\TRIFR 

This chapter in\'oh'es: in\-es:ligalion of the de\'lce. principle of operation as w\.'11 as the 
design analysis in Ienn.s of the operal1t'n31 stages. if the frequency con\'erler. "slage Py­
stage analysis is made for the cin:-uiL Tne Clpcratil'nal stages comprising of a "3\ e diprl'r. 
4046 (ntcgrated Cif\:uil 'The OJ".'TatiClnal !'t3£es ct'mprising l,r a "aye clipper. 4046 
Integrated CirculI. ~().IO Inlegraloo Circuit and the sine wa\ e gcner3tl)r stagl's, 'I his is 
illustrated in Figure 2,1 

WAVE CIJ.IP,.\ti'J 4040lC 

~'!!Jt wA.\'E 
GElJERA1QR 

Fig.2.1 Schematic Bled; OiJlgJ3J11 of a frC\quency COI1\ crier. 

The operating principle islhal "hen the $\\lt,h is ON. the LED at the power supply unit 
indicates the presence ofpo\\n' in the dC'yicc, The a,c signal from the centre tap is ground 
How does a_c sipil now in il '? Correct this t.ap of the transfonner is passed to ground, " 
zener diode connected in the clipping circuit help to achieye this. The square wa\'e now 
getting to the phase lock loop frequency multiplies which comprises of the 4046 integrated 
circuit and 4~O integraled circuit The PLL (Phase Lock Loop) uses feedback to pTl"duce a 
replica of an input frequency. Just like an Clp amp circuit. the difference between the input 
voltages is the frequenty (,\f pha:se difference. The 4046 integrated circuit is respClnsiple ti..'r 
comparing the inrut signals while the 4040 d('cs the frequency multiplication, 

The multiplied signal frequency is pa.s.s.C"d to the sine waYe generator which is responsihle 
for the conversion of the 'Square wa\'e to a sine wa\ e suitable for a\'iation equipment. 

2.2 POWER SUPPLY MODULE. 



The PO"'icr Supply UnilP'Q\"ides; the d.c opC'rating "oltage and current n.'4\1ir~d hy the 
frcqucnq- coo,·mer. Tbis; i.s due 10 the- a~iJjty tt' com'crt fwm a,c 10 d.c pt'\\er. hy Ihe 
process of rectificaaioo. 

In this projeel a reguJaucd power supp!y of 1 ~ "olts was dc~igncd with its output h:maining 
almost constant \\ilhin tthe INJ.unds of \he current dra\\n fwm it. 
The Power Supply i.$ rn.awdc up of a I: ,,(tlts rated lransfl'mler to step-down the mains 

, voltage from 240 "ollS 10 12 lolts foHl'wC"d ~y a full wa\'C' rectifier to r('ctify the \'oltag\.' 
waveform and then a fihn uSied in sm('(lthcning the rectified wawfonn which has rirrh:s. 

, thereafter. a regulator i:s u5led to o~tain an alml'sl perfcct de, The bloek diagram is sho\\ n in 
fig. 2.2. 

1 ~ 51'Ep:.OO't~ ~ 
• ,~Arl5FOPME~ :: f<:EClIF IE R FILTER . PEGUlATOR' 

Fig. 2.2, BLOCK OIAGRf\M Of THE rO\\TR ~tlPPLY t\10Dt 1LI: 

2.3 Tf IE TRANSFORMER. 

The transformer stage precede this de\iee since the amplitudc l'f thc n,c \'oltage H.'4uired is 
different from thaI oflbe mains voleage and dc-elrical isolation is required for safety 
purposes. so a step-OOwn 1J3nsfonncr rated 1 ~ volts was used for this project. The 
trarisfonner consisting oftwo coils wound l'n thl: same iwn-core uses the principle of 
elec1romagnelic induction in wh.ich the chang.ing flux dc\'c1oped in one coil links the l,ther 
as shO\~n in fig. 2.3 (a) 

Fig. 2.2 (a) 

.. " 

VI ,., , I 
-~ 

Fig. 2.3 (b) 

V 
.L 



Thus a tran:sfoL'mcr comist o(a prima!) , .. inding "hich is partl,r the main supply and a 
secondary winding "ruch is part orlh~ soocondary Cifcuil. 
The voltage induced in the primal)' \\inding is \,!~C'('(lndary \\inding is V.:! and thl' nUI11~'r 
oqums ofprirnary and~' are nl. and n.:! fl'spC'ctin'ly. They afe related as sl1l'\\n 
below. 

The transfonncr diagram i.s 'skmn ('n ii~ .:!J(hl. 

2.4 RECTIFICt\ nON 

This is a circuit. "hich emploY'S ('n~ Of m0fC di(,dl'S to wm'crt a.c \o/tage into pulsating d.l' 
voltage. Thi.s project made U5Ie of a cl'ntre-tapPl'd tran5ft'rmcr circuit using t\\ t' dil'lil-s as 
shown in fig 2.4(a). for full \\3\C rC'ctification. thl' centrl'·tap is usually taken as the grt'und 
or zero vollage reference poont 

v .. , 
..) 

Fig. 2.4(a) RECTIFICATION CIRClllT. 

A 

B 

When input a.c supply is snilched on,. the ends M and N of the transfonller secondary 
become positive and negatin~: ahnnali\ ely. 
During the posilive haJf-cycie Mis al positi,'C' rotential G is at zero potential \\ hill' at N is 
negative potential. Diode 01 being forward-hasC'd and diode D2 heing fe'wse biased 
therefore conducts while diode 02 is open circuited. MD I allows current to flow thwugh. 
In that circuit or loop. 
During the negative haJf-cycle 01 is re\"(~rsC'-hiased and D2 ('(lnducts because is fOfward 
biased thai is when lerminal IN becomes positiYC' and ~1 becomes negati\"(~ then current 
flows through ND2CABG. Figure lAb shows the rC'Ctified wa,'efonn. 

, 



Figure 2.4b shows lbe m:tificd waveform. 

i. 
:1 

" --+'----_!---- .. .. ~ --- _":.. 

OUTPUT OF 0 1 

( 

OUTPUT OF 02 

/ / 

TOTAl OUTPUT 

Fig.. 2.4(b) 

As shown in WAVEfORM 24(b). It mtanS both half cycles have been utilized. The 
m:tificd ouIpUl \'Ohage tRqucocy is "'icc the supply frequency. 

2.S SMOOTHENING (FILTER) CIRCUIT 

The pulsating voltage fium abe m:tifier is passed through a capacitor filter or smoothening 
circuit to get a \\'dl fiJlaCd d..c voltage required to power the integrated circuits used for this 
project. This SIDOOIhmiag is cIooe by fIltering away the ripple in the output voltage. The 
ripple refers to lbe uoduIaIioa of pulsating d.c. \'oltage about the average d.c. voltage 
refaeuce level 

",.--._-- ... 
; " - - _ .J. --"', , t 

Fig.. 2.3 Diagram WustraIiag The Filtering Action Of The Shunt Capacitor. 

The c:apacitor·fiJtcr c:in:uit is adopted for this po\,'er supply_ the capacitor is connected 
across the load and acts 10 filla. . 

6 



When the m:tifier is cClOd"",ing. the C3p1Citor charges rapidly to about the peak voltage of 
the input vol .... bctwua the pulsaIioos of the waves. the voltage from the rectifier drops. 
the capacitor then disdwgcs 10 the load. Fig 2.S shows the associated wavefonn 
illustrating the ac1ioo ofabe capacitor filler. 

2.6 CUPPING CIRCUIT 

These are diodes wave sbapiDg circuits i.e ciKuits meant to control the shape of the voltage 
and curraJl 'WaYd'orms 10 suit desired purposes. 
The output of a clippiog ciraait appears as if a portion of the input signal were clipped ofT. 
At 1be m:tifier sIage an idea diode was connected to the positive tenninal as shO\\ll in fig 
2.6 <a> in order to clip off1be ocgali\-e half cycle. 

D. 

-', ,._: . 
....... , .,,,,,,","i 

__ ;1 \1 . •.. 
I 

i>a. 
Fig 2.6 <a> Diapam ofabe WAve clipper 

00 gCUing tot be input of1be fiaiueocy multiplier the zener diode act use functions as a 
wave at the input of abe fn:qucDcy multiplier by clipping the positive half cycles at 12 volts 
act clipper. 

7 



Il'J, r ~ .. "',,-
{ 'v r \ ' --Jl..!===:::d!-__ !f.::11 ===L-___ ._? t 

Fig 2.~ (b) Oiagnun Of The Clipped Wa\'efonn 

2.7 CALCULATION OF DUTY RATIO OF TIlE CLIPPING CIRCUIT. 
Vdd= 12vd.c 
CMOS recognisesaay wi. below 3m. Vdd as low and abo,'e 66% as high. When D3 
redifies Ac 10 do by usiag Vm sin\\t. 
Then the voltage at caIhocIe of 03 becomes 
122Sinwt ••........•........... 
As Ioog as it is positi~ for duly ratio. 

Ton starts wbm 
122 Sin wt-30% Vdd. w = 2 F 
122Sin1OO=30f100x 12 f=50Hz. 

l00130~::'0 lOOt = 1 
Ton = Sin - 1 (301100'12) 

TofT: 

100 
= 680.4mSec 

The clipping is symmetric thus -
Here 180 is 
Thus 2 is symbolic to T i.e Ton x Torr 
Oon = wtoo - wU x SOIoo = 100 too 

=680.4 x 10 xlOO 
=0213 radiaM 

U - Oon - OofT - 2928 radians 
tofT=Oorr= 9.322 mSec 

100 

v 

----~~--~----~t 

I 



Duty Ratio = OofT Ooa =: IOU· 100 
211 1r.S 

= 8.6416 x 10 = 8.6416 x 10 
Paiod 

0.43208 i.e 43.208'. 
It is close 10 50~' 

The duty ratio oftbe wa\l: dipper dctmnines the working ability of the circuit. 

2.8 FREQUENCY MULTIPLIER 

The fiequcDcy multiplier used in this project is a model of the Phase Lock Loop (PLL) 
which uses feedbac:t 10 produce a replica of an input mquency. Just like an op-amp circuit. 
The differmce is that it ampIifJeS ootlbe \'OIt.age difference between the inputs. 
But lhc fiequcDcy or phase difference. 

t 
,~--. 40461C 

!J • 

4040 IC 
RPPlE COUNffi 

Fi~ 2.8 BLOCK DIAGRAM OF THE FREQUENCY MUL TlPLlER 
Sec previous c:ommc:nt OIl tide of Fig. 2.S 

2.8 1 4046INTEGRAlED CIRCUIT. 
The 4046 integrated c:in::uit c:oolains: 

(i) Phase Detector type I 
(0) Phase Detector type U 
(ill) Voltage CooIroUed Oscillator (VCO) 
(iv) Lock Indicator 
The CMOS 4046 phase dda:tor is an IC that generates correction signals during the time 
wbaa one square wave is rising edge leads the other. When the frequencies match (or lock). 
the nmaining error is ooIy a phase difference. 
The pbase error signal is bcco applied 10 the VCO in away. which tends to diminish the 
pbasccrror 10 zao. At this lime Ihc filter capacitor holds its voltage (like sample and hold) 
not as a fI1ter at aU. 

9 
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2.8.2 40408 INTEGRATED CIRCUIT (RIPPLE COUNTER) 
Due 10 Ibis integrated circuit the frequency multiplier can generate a multiple of 

replica of 
The input frequency. The 40408 integrated circuit is a multiplication factor. 

Doing conical algebra 
Fo = 400Hz (output frequency) 
Fr = 50hz (ioput frequency) 
Fo = 400 == 8 == 2 x 2 x 2 =2 
Fr=SO 

i.e output frequency is a multiple of the input frequency by a factor of 8. 

A ripple countcr4OolOB is chosen here "hich can divide frequency from Yz to ~) 12 (i.e it's a 
12 51age ripple COlUIIer). For this case stage 3 is chosen (i.e 2 = 8) which is found in pin 7 
of the pack.. 
The efficiency ofpbasc lock loop depends on duty ratio as calculated earlier in section 2.6 
of signal. SO% is the ideal ratio the smaller the duty ratio. the narrower for the PLL to keep 
locked. 

veo (PLL) output fRquency is directly proportional to input voltage (at pin 9) 

veo (PLL) ouIpUl fRquency is also inversely proportional to Rt and Cl. 

Phax lock loop muimmn locking frequency is proportional to V dd. 

for any circuit Rt, Ct and Vdd are kept constant 

Typical values that \\Uk for fmIuencies of 400Hz are chosen ,\ith reference to circuit 
ideas. 

Damping lime is allowed to be high since the circuit is not designed for fast changing 
fRquencies.. ... 

This also help aroid 0\"Cf shoot in \'oltage controlled oscillator input line. 

2.9 TIlE SINE WAVE SHAPER 

10 
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Fig 2..9 Schematic Diagram of a Sine Wave Shapero 
As shown in fig2.91be \'Ollage gain is transformed by Ri and Ri\,. 

I" RI = Av Volcage g.ain 
RI 

R2,. R3 aad C I. C2 on filler components 
ADd lbey are sIaDdard \ 'Blues. 

2.10 COMMON COLLECTOR MODE 
(CIRCUIT AMPLlFIER) 

VJ.~ 

I-------U 

.. 
Vo = Vin 0.6v . 
The coefficic:Dl orVin is unity 

10=AI-Jf=(B .. n 18 
lin IB IB 

AI=B 

Fig2.IO Schematic Diagram of the ampJifier. 

2SmA supplied by 741 is boosted to 2500mA. 
This is more than sufficienl current for powering the load. 

II 

'10 



CHAPTER THREE 

CONSTRUcnON, TESTING AND RESULTS. 

3.1. CONSTRUCTION TOOLS 
Some electronic tools and equipments were used in the 

implementation of the circuit of the frequency converter , the tools are 
briefly discussed below: 

= SOLDERING IRON: 
A soldering iron with a 25 to 30 watt testing element was used for 

this project.. High voltage can result in damage of element/electronics 
compooeots. 

= SOWERING STAND: 
This is JWlde up of metal and its used for keeping the soldering iron in 

a state of upright position. 
= SOWER: 

The lead actually used for the solding/soldering element. Resin of 
flux-
core. 

= SPONGE: 
This is used for cleaning the tip of the soldering iron for every few 

uses. 
= WIRE CUTIER [CLIPPERS] STRIPPERS: 

IoslrumeJlt which connects all parts of the cct together. 

12 
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3.2. CONSTRUcnON DETAILS: 
The overall cct layout was made so as to confonn to the orderly schemistic 
diagram of the circuit where all Integrated Circuits used for the project were 
pointed in the same direction for logical signal flow and this also make 
tracking of the numbers easier. 

33. CONSTRUCTION OF THE PO\VER SUPPLY 1\10DULE: , 
The primary side of the 240 volt to 12 volts step-down transfonner was 
connected to the mains supply while the secondary wire was connected to 
the vern board by soldered connection. 

The foUowing connections were done by soldering the components on the 
vern board 

3.4. LAYOUT OF THE CLIPPING CIRCUIT: 
The following connections were made by soldering the necessary 

components on the circuit board as show Fig 3.4 CLIPPING CIRCUIT. 

3.5. CONSTRUCTION OF THE FREQUENCY MULTIPLIER. 
The following connections were made. 

3.5.1. LAYOUT OF THE 4046 INTEGRATED CIRCUIT. 

Fig. 3.52 4040 Ie 

... 

,. ",J 
14- (b 

10 

-; -4046 
Ie 

r-~- IS,,! PL_~~ ~ ~ - CT J ------- -- -
The input was connected to the pin 3 of the 4046 integrated circuit. 
Pin 16 was connected to the dc voltage. 
Pin 10 connected to a Resistor connected to ground. 
Pin 5 and 8 are connected to ground. 
Pin 14 is an input from the 4040 integrated circuit. 
Pin 13 is connected to a damper circuit. 
Pin 6 and 7 connected to CT in parallel. 
Pin 4 is the output line to 4040 IC and to sine wave generator. 

3.5.2. LAYOUT OF THE 4040 INTEGRATED CIRCUIT . 

This is a frequency divider which has its pins 9 and 11 connected to ground. 
Pin 10 to input from 4046. 

13 

WO~_-I-:l 
LJ () ¥-- (, 

:Fe-

\ly -, 
'is' iI 

.~ -~--



Pin 7 connected as feedback to the 4046 integrated circuit. 
Pin 16 is connected to dc input. 

3.6. LA YOlIT OF THE SINE 'VAVE GENERATOR: 
The connection of the circuit i's made as shown In Fig. 3.6 the 

diagram below: 

Fig 3.6 A SINE 'VA VE GENERATOR 

3.7. LAYOtIT OF THE CIRCUIT Al\IPLIFIER: 
A C 1568 lnlIlsistor of current gain B= 100 was connected In a 

common collector mode on the circuit board as shown in figure 3.7. 

THE CIRCUIT MlPLIFIER 

3.8.CONSfRUCfION OF THE PROJECT CASING: 
The coosIrudion of the system casing involves the use of a 1/4 plywood 
sawn into various dimensions . 

A 15 mm. X 5mm and 16mm x 5mm cut was made on the front view for the 
on offswitcb, holes of diametre 2mm were drilled at the upper half of the 2 
sides elevations. To permit air circulation into the box to keep the system at ... 
room temperature. The veroboard was screwed to the wooden bottom 
elevation. 

However, before the mounting, the following electrical connections were 
made: 

I. The ac power cord is connected to the primary of the fuse. 
Transformer via alA. 

ii.The on off switch is connected to the circuit board by 2 cables red 
to the positive and back to the ground cables respectively 

14 
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3.9. TESTING: 
Since the frequency converter was designed to meet the requircmcnt 

of the aviation workshop bench in that it has to be tested to asccrtain 
whether it multiplied the main frequency by the use of an oscilloscopic 
which displays the wavefonn when the prob was placed at the point of 
connection to the transfonner and also the prob was placed at the output 
tenninals of the frequency converter. This was done after powering thc 
system. A digital multirneter was used to measure the output voltagc and 
the current and then the reading was noted. Also the frequency multiplicrcd 
as expected which was also indicated by the Digital multi meter. 

3.10. RESULTS AND DISCUSSIONS OF RESULT: 
i. Input voltage 12 volts. 
ii Output voltage 12 volts. 
iii Frequency of input 50Hz. 
iv Output frequency 400Hz. 

The results obtained is consistent with the expected performance. 
The ouput voltage of the device was maintained at 12 volts being that most 
aviation equipments operate at that/this voltage. 

This is aa:eptable to most aviation equipment e.g track detector . 
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CHAPTER FOUR 

CONCLUSION AND RECOMMENDATION: 

4.1. CONCLUSION 

Fioally the digital frequency converter projects being successfully done will 
be useful to Engineers, Technicians, and students in the aviation workshop 
or laboratory. The objectives and aims of this project were achieved. 

4.2. RECO~tMENDATION: , 
In order to obt8in frequency signals of higher frequency, for example 
800Hz, 1000Hz., etc. It is advised that further circuit be connected or 
COOSIrUCted with analog components in order to expand the scope of this 
project. 
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