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"e v,crk presented in this roport is a contribution 

toiardr using electr,nion devices for 1nstrtr+ent transforor 

tosting. An tnstrunnt for testtn of currant trsnstr r 
has boon designed develop d and tested. The basic principle 

in same t s generally used for comparinion method but the 

costly vsrinb1e mutual inductance is replaced by electronic 

devices, Mt al ectronic detector htch is a part of the 

instrument and con be used separately for other purposes also 

has been desti& q developed and tested. The test results aro 

given. Wt i some modification given in the report the 

instrument can be used forPotential transformer tooting also. 

A seberi► is also proposed for an automatic .ectronic instrument 

for Instrument trnnsf,r r tasting. 
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I.IØTJLP,.A_U_C~T.1.0. 

With the increasing tendency towards higher voltage 

and higher currents, instrument transformers now play a 

vital role In power system. The accurate measurement 
of current and voltages of high values is dependent upon 

the accuracy of instrument transformers. Therefore, 
it is necessary that an accurate, simple and compact 
instrument should be available for testing of instrument 

transformers. The work described in the report is a 

step towards achievement of this goal. With the 

development of electronics instrumentation it is now 

possible to use electronics for instrument transformer 

testing also. he the name indicates the device developed 
here is also an electronic device. 

This reports firstly deals with the conventional 
mathods4 methods using current comparators for instrument 

transformer testing &.t1oast one method commonly used from 
each type is discussed and references for others are given. 

Than the work done by different authors using electronics 
for instrument transformer to sting has been given and each 
se~heme is discussed in detail. 
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In this ark an electronic device for C.T.  

testing with high accuracy * simple operation  and 

lower cost is designed developed and tested. The 

be etc principle used is eenle as used in compnrisl!ofl 
method. In this the test C.. is oomprred with a 

standard current transformer. The method uses a 
veri nbie mutual inductance, and resistances which 
are costly items. But in the instrument developed,  

here, dbas S are replaced by electronic devices 

which ct a much cheaper than a bove component 9. 

accuracy and performance obtained from this instrument 
is also very high. Design and detail of this 
instrument with test results and performance is given 

in third chapter of this report. The instrument it 
basically developed for C.T. but with soma modification 

discussed In this report J  an be developed for P.r. 
testing also. 

Design and detail of an electronic detector 
which is a part of the above Instrument and can be 

used Separately for other purposes is discussed in 
chapt! r fourth. The test results an4 performance 
of the de' etor is also given. 
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!the fifth chapter rdais w .th scheme for an 
automatic C.?.tsting device. This is automatic In 

the sonse that it directly reads at the errors 
without any sd3ustent for balance. The device can 

also be developed for P.' . testing. The modification 

needed for this are given. 

Thar lost chapter concludes the raport,havfng 
conclu sinus from the iwork done, suggestion for further 

work and applicationsof the developed instrument. 
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There are several methods for instrument'  

transformer tee sting* The generally used methods 

in laborntorp etc. are conventional methods. But 

4th the developmentt of current compnrat©re and 
electronic deevicee,,these are also used for testing 

instrument transformer. The commonly used 
conventional methods, one method using current 

comparator with principle of current comparator 

and the electronic instru nts developed so ter 
have been described below 

The testing methods may be divided into two 

(a) absolute methods and 

(b) secondary or comp art sion methods. 

In the absolute methods the transformer error* 
are determined in terms of the constants - resistance, 
inductance and capacitance of the testing circuits 

whereas in the secondary methods, the errors of the 

tranafor°n r under test are compared with those or a 
standard transformer. 
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The absolute methods ooronly used for t T. testing 
are listed belows 

1. Mutual tnductence Methods 

g. Bt fft Method. 

The most commonly used method for C.T. testing Is 
Arnold method. It is a secondary method, 3.e. the 
C.T. under test is compared with a standard C.T. The 
set up # s given in figure 1. 

S & X are the standard and test transformers 
respectively, these being of the same nominal ratio. 

T is a C.T. having negltg , bly small errors and is 
for the purpose of #h isolating the measuring circuit 

from the main secondary circuit. M is a variable 
astatic mutual indictor with a range of , 2.4 

microbenries. R consists of three re#~istors of 0.019 
0.10 and 3, Ohm respectively connected in series* 
fitted with short circuiting plugs so that only one 
can be had in circuit at a time depending upon the 
sensitivity and range. ' wro, is a variable resistor 
of ' 500 +d.ero Ohms. 

It can be derived taking error of standard  
current transformer tare, at balance if value of r is r 

and mutual inductance .ls M. then 

Ratio error = g 
R 

A 
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and Phase angle error a 
R 

Therefore, r and ]4 can be directly callibrated in 
terms of Ratio and Phase angle errors. 

Similarly for Potential transformer the methods 
are 	(a) Absolute methods a There are several 
absolute methods for this purpose.. These methods are 
essentially the same in principle, the transformer 
secondary voltage being in such methods balanced by 
a fraction or the primary applied voltage,a gal 
Vibration galvoeameter being used as a detector to 
Indicate aract balance and various adjustable 
impedance being used to vary the cagnitude and phase 
of the fraction of the primary voltage until such 
a b,le ncs is obtained. 

The voltage dteider for comparision may be 
made 	capacitance. These are having advantage of 
accuracy and low power consumption at of high cost. 

(b) The clothier and  Medina Method 
(c) Compare $ion method as 

The connection for or such method are 
given in figure-2. As used in tis test, Wataetor 
W is essentially a voltmeter and z 	its deflection 

fl 



per volt applied to the voltage coil correspondfw 

to some given current In the current coil must be known. 

Lot 1 be the volts per division for a current I in 

the current coil, this current being in phase with the 
applied voltage. 

of 
The operation of the methods/testing consists 

in observing e e reading 1) of era ttmoter W, when the 

current I in the current coil is in phe ith the 

secondary voltage of standard trans rmer. The phase 

of this current is altered by phase shifter, until 

the wattmeter W2  gives mnximum reeling. This is 'a 
The phase shifter Is then ad.1 usteti until wattmeter W2  
given zero reading when the current I must be 900  
out of phase with the voltage Vs. 'Th.e reading Do of the 
wattmeter Wi Is than again observed. 

Men it Rs and Rx are the ratios of the standard 

and test trantormers respectively 

Vs.KDj 
c e8 . tan  

Vs 

Where 0 x and 4 a are the phase angles of the 
test and standard transformers respectively. 
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2. 2 C, 62 	RU ~. 	8. {ir- 	.Q4Zi2~fii1 S .A 

Th• current comparator is essentially a three winding 

differential current transformer it is an ampere turn 

balance detectolr and two ratio windinig carrying currents 

to be comps red. 

2.2.1 	 7 

The voltage developed in a uniformly distributed coil 

wound upon a magnetic tor~oidc ]. core is known to be a 

&highly sensitive Indicator of whether the sum of the 

alternpting currents flowing throui the torroid window 

is zero or not. Fundamentally, the current cornp~lt r is 
nothing but more than a detector based on this princi pLe. 

It is n,thtng but a torroila]. transformer which when 

properly designed and constructed becomes an accurate 

&table current ratio standard. 

In this basic form of the current comparator consists 

of a magnetic for 'oidal core upon wh$ch there are four 

vtndãia. Two of these carry currents to be compared 
while the third detects the average flux density In the 

core. The fourth ► winding provides a means of fin 

adjustments in the effective magnetization of the core. 

In operation the two current to he compared 
mre passed through their respective windings in such a may 
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that the two magnetizing fbrces on the core oppo s. 
each other. An additional current of measured 
value and phase is then pa  passed through the fourth 
winding to bring the third winding to a null 
indicting zero flux in the core. Current comparators 
can be used fbr testing or C. Ts. 

A current transformer callibration circuit 
using compensated Burr ant comparator is shown in 
ft g. 3 . It current  916  of appropriate magnitude and 
**se is injected at M %rough the t .0 circuit In 

order to correct orro in the r urr nt transformer 
The potential difference across u is propotional 
to Is C = Ip/kt) where itt is one turns ratio. 

At balance Us = r JU,. (0. S ) 
kt 

• • Fractional error of the current transformer 
is given by 

I 	 = (a. 3 we) r 

The balance procedure is thus simple and direct 
There are however some errors which become predobinent 
for higher ratio.. 

The fir at error is caused by the compensating 
winding current by pa,ssin6 the reference resistor r. 

10 



The injected current is thus a function of the 
difference between the compensating winding current 

and the secondary current not the secondary current. 

The second error is caused by the impedance of 
the compensating winding. The flow of current 

through this impedance means that the voltage between 
points M & N is not exactly zero and although It is 
quite small it may be appreciable with respect to the 

voltage accoras r for higher currents. The injected 
ourrect then will not therefore be exactly 
proportionnl to the s econdar*y Current. 

Control of these se two errors is achieved 

by designing for minimum i3npedanoe in the compensation 
winding and for low compensation a winding of 

current. 

2Ui The current comparators are also used in 
placed of standard C.T. ; They have compensating 

winding to compensate the error  involved and 
therefore they are very useful to compare with the 
test C. T. for detail idea and specific use reference [4]4! 
can be contacted. 

2.3 8 	fifl .G J t &s With the development of 
different electronic devices it is now possible to 
measure the errors of Instrument transformences 

with the help of electronic devices. The basic 

11 



principle is same as in ctomparission method. The 
test trantormar is compared r ith a standard 

transformer. With the help of electronic devices 

arsstly standard mutual inductances and resistances 
can - be replaced. Direct display of errors in both 
the fbrms analog and digital haSi also been possible 

t using electronic devices. Different schemes 

using electronic circuitry for instrument transformer 

testing which have been developed so far are given belovt 

2.3.1 

By this device the ratio and phase angle errors of 
instrument transformers can be read off or recorded 

directly with a printer or digital instrument. In this 

also the test transformer is compared with a standard 
transformer. The voltage difference between the 

secondary voltages of the test and the standard transformer 

is bn1aneed by a voltage that is separated Into two 

component one being in phase with the voltage of the 

standard $ransformer and the other in quadrat►ure. The 

direct voltages with which the reference ,ti voltages 

are aultiolied to -, generate the balancing voltage 
UI,  

are a meas~f of the errors and he %ha sa displacement 
of the instrument transformers., 
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Figure 4 shows the used oireuitly for the above 

sums. A voltage difference in case of P.T. Ux w 

(UT - US) is obtained. 

where UT is the seenndary voltage of test 
transformer and Us is the aeeonanry voltage or otandard 
transformer. It may be separated into two eomponents. 

Uxp 0 Ua  Coa d 

and t!xq sir Ux  Stn of 

Up is in the direction of Up and Uxq is in the 
direction of Uq. Up a rd Uq  are the reference voltages,, 
Up being proportional to and in phase of Us and Uq Is 
equal to Up in magnitude but i.s in quadrature with Us. 

Upa3UgoLUs  

Similarly for C.T. circuit 

U o( IT-IS) 

IT is secondary current of test C.T. and Is is 
secondcry current of standard C.T. This can also be 
separated into two +compnents. Uxp and ticq I,n 
ausd aratur• to eneh other. A s in the ease of P.T. 
refer wco voltages Up is generated in phase of 
with Is and Uq in 9uadrature with Is. By suitable 
adjustment It is possible to make Up and Ur, referred 

13 



to a rated current of 5 A in the C.?. Circuit equal 

in ma gni tuide of Lap and Uq referred to n rated 

voltage of 1007  in the voltage transformer *i. ruit. 
Thus in the C.T. circuit or in the P.!. circuit the 

voltage Ux represents the aa%e error refrred to 5A 
rated current or a 100 V rated voltage, respectively, 

Therefore the same device can be used for measuring 
errors of C.' a and P.' a without restriction. 

In the balance circuit the error voltage 

Ux =tax t Coaoc • 3 IUX1 Bin K = 

lUxpi 4 3 I Uxgr 	..*.,. _ (
1 ) 

is connected in opposition to the balancec voltage 

Uk 1 Trial 	Coo • 3 I Uk I Sin 	xs I Uxp.1 • 3 %Uxq • . • .. (3) 

As long as the measuring device is not, balanced 
the voltage at the input of zero amplifier is 

Uo W UX • Uk 	 • is •... (4) 

The amplified voltage is connected to the phase 

sensitive reotifiess p & o by means of the transformers 
Tp rind ''q.. 

The multiplication of the direct voltage Ldp 
at the output of the rectifier p by the reference 

voltage Up with the Multiplier p gives the voltage U. 

14 



Similarly multip'iication of F q at the output of 
rectifier q by the multiplier q. does T3kq. Direct 

voltages 1dP and Eq control the voltage Uk in 
such a way that Uk , Ux and the device i s ba lanced. 

Therefore from OA (3) 

Ukp = k,l, EdP f Ups 0 tux ~ Coaoc a U,Zp 	....... (5) 

10iq gs K? 'gap J 13q  a rU,zj Sin vL U Uxgr... ... (6) 

Than from (6) (6) and ti) 

1 	 ____ 	 .•.r.(7) 

K IUs1 	lUs i  

According to International Lectro Teabbical 
commission t I E.C.) the voltage error of a Voltage 
transformer is defined as 

G~ 	Iui. 	 x jOO in percent ... (9) 

Where. t33 =secondary voltage of the test transformer. 

10 U Primary voltage 
~Cn rated transformation ratio 

1l ssuming standard firansformpr' s error equal to 
zero. The voltage error is 

15 



u 
' - 	 x 100 in percent 

	

Or e, : 	Cooof.100 to percent ......(j4) 

Where K being the angle between US & Ux. 

Us is the secondary voltage of standard  at*ntlard trransformer, 
Similarly eaustion for phase error is 

	

r 	1̀TT1 - I Usl 
....~'`' ..w.«,. 	Sin o 	8inc .. (11) 

Also according to ( I.E.C.) ' ratio error cC C.T. is 

Go 	lafi 	n  .......... 	 1100 in percent .... (12) 
l i 

Where 

IT second ry current of test transformer Kn is 
rated transformation ratio 

I primary ourrrnt. 

Assuming that standard transformer is free of 
error. 

Co  
Is 

cr -190 - ILiL.. • 
Is 

100 in percent 

Cos oc 100 in percent w. , (13) 

16 
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secondary current of standard transformer. 

bbr the phase displacement 

re 	1121 .I14 	 (14) 

Comparing (7), (3Q), & 13) as well as (8),(u) and 

(14) we See that the direct volta zo dpi Is measure 

of voltage and current error. and the direct voltage 

E a is a asure of phase disp1 ,cements. Therefore 
the indicating instruments can directly be callilirated 
In terms of ratio and phase angle errors,, or those 

voltages can be converted in to digital form and 

it splayed 

The advagtage of this method Is that it gives 

automatic inciiawtion of the different +errorog no 

z~ux balance is required and that is why it is 

called self balancing. The disadvantage Is this 

that a complicated and costly devices 

Q. 3• 	„~[. ectml r 8~ a e. nr "t 103 

This set is only for Current Transformer but 

stts .lar arrangement can also be mad* with some modi-

fixation for potential transformers also. 

1! 

This also is based an the comparision technique. 
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The ratio error set is mode eapmble of supplying a 
current equal to the difference of emrrenta of second arl s 

of standard and test transformers so that the, detector 
gives a zero deflection. Two elements of Ratio error 
set are related to the current injected In such a may that 

they can be aellibrated in terms of ratio and phase 

angle error. Pig. 6 shows the block di grains of the 

instrument. 

The circuit diagram of an electronic type ratio 
error set is shown in fig.5. It consists of a two 

stage current transformer with a resistive burden for 
current to voltage conversion anti isolation a voltage 

gain stage 9  a. phase shifter, two variable gain sta ge s, 
and an output voltage to current power amplftt f. A 
two stage current transformer was chosen as this enables 
the design to be more compact for a given accuracy. 

0 	 0 
The 90 phase shift is obtained In two 45 steps thus 
realizing improved stability and simplicity at the 

expense of permitting phase as well as amplitude shifts 
with the variable Ia a frequency. 

The operation of the output stage is defined 

by the equation 
i : -2 tap * eq) / Ro C 1. Z /Rd) ....(i) 

Where 

I. is the output current injected to point H. 



ep, % are the voltage outputs from the inphase erd 
cundreture variable gain stages, 

Ro Is the output current measuring resist•r, 
Z Is the inp+rdanco of the 1,000 lx F decoupling 
capacitor plus any other equivalent im ed.nce thvmugh 
which the current I, must peas before reaching a 
point whose potential is the same as point N, 
Rd is the reactance of the potential divider connected 
to the positive input terminal of the operational 
amplifier (shown a s2R in sere sir wi th 0. SR 1,- Yt g. b. ) 

The effect of the ?6P-P decoupling capacitor is 
negligible, at the operating frequencies. Divider ratio 
is the only parameter that most be fixed. The total 
resistance may be of 'ny convenient value. 

The circuit has a ay stematic error equal to 
z/Rd. This is a compromise that permits So to be 
varied indepently for range mulfrtiplication. 

The burden imposed by the electronic circuit 
is almost entirely due to the winding Impedance of 
the input circuit transformer and consequently can is 
made very low. Ignoring the effect of the decoupling 
capacitors, the equivalent shunt impedance at the 
output is given by 

2.5R / C it IQ. 5 P11A Rrj ) 
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2.3.3. 4DdUW:. ,B i 

Andrews Braun has described in his paper [11] a 

method wb iah can be used for a precision -0 current 
trnnsformer having very high primary currents. Pbr 
very high primary current It is usual practice that 
the two stage C.. Is used. First the high current 
is converted to a suitable low value then again it is 
transformed to standard values C 1 or 6A). 

In the' scheme described the basic principle is 
same a s in Arnold method. Compensated current 
transformer of very bigi accuracy has been used Instead 
of standard transformer. 

A charecterstic feature of the new measuring method 
is that common circuit resistance RD is no longer connected, 
in circuit but In the feed bock circuit of an electronic 
operattonat amplifier located in the co ion circuit 
(Fit.7). As the common/circuit resist c nce r, this 
circuit arrangement* yields 

where °(is the open loop gain of ai the operational 
amplifier.. In modern amplifiers this gain is ? 4; 

20 



The choice of re si$ ce value of RD depends 
merely on the desired error range. If for instance 

S is chosen, c ' 10 , yields an effective 
common circuit resistance r , L. 0. i-ci At a secondary 
current value of SA , a current error of 10 
( n-1Ppm ) l ead a to a cam n vo lta ge UA , 60 mm' , 
i.e. with an effective con  on circuit 	tAMOM 
resistance r0 ich is 80 times smaller,, the test 
set is still 2000 times more sensitive than the 
,existing Iransformerf men suring devices. 

2.3.4. abztQd. 

Richard L. Kohler has described in his paper ,i]] 
a direct reading electronic ratio error set for 
purr ont transformer call i bra tion. This has the same 
principle n s described In 2.3.2 . But in materializing 
the principle *ifferent method Is used. 

A block diigram of the circuit is shown in 
Pig.E. The second iry current Is is converted to a 
proportional voltage. The signal path then splits 
Into two channels direct and quadrature. The direct 
channel is scaled by a factor of oC. and the quadrature 
channel by 	. The quadrature channel then receives 
a 900  pica se sshi if t, after which the channels are summed. 
Finally the voltages are combined and converted to a 

21 
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The special feature of thba set is that the 

•exiling is dome digitally and the tiniil read cat 

is also digital, It is accomplished through the 

circuit indicated schematically in PIg.9. Fsoh 

Chsnni uses the some circuit so only one is shown. 
A dtgital pannel meter is used to generate binary 
come which is applied to the digital inputs of a 
ntultiplying digital to analog converter. The voltage  
from the previous stage is applied to the analog 
input or the converter whose output is then the 
analog voltage scaled by the binary code. The 
pannol meeter display value,, which to the decimal 
representation of the binary is set by ad3usting 
a 10 turn pott*ntioaoter to select the appropriate 
meter input voltage. In this fashion the scaling 
of direct and quadrature voltages is controlled by 
two knobs one for ea c i channel a s oppo sad to one for 
each digit  of the *calling factor and the scaling 
Factor is displayed on the pannel meter. The only 
critical specifications are the linearity ani the 
gain of the oonvorter tso the scaling accuracy is 
locniiz d to a single component. 

The instrument was constructed using 0.0].. 
percent ratio matching of critical input and feed back 

22 



resistors where Possible. The digital to analog 

(D/A) converters requires tricsming to obtain an 
accuracy of 0.1 Percent, their linearity was found 
to be better th *n 0.1 percent by tests on the 

f`innl instrument. 	The t)tel uncertainty is estimated 

to be less than 0.8 percent of the indicated error 
current. 

23 
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3.1 eciis 

The Instrument is based on basic onparision 
method for C. f. testing. In the Arnold method of 

C.T. tasting we take the standard C.T. current 
through another C.T. Ir.-phase and quadrature voltages 

are 9 produced from this current by the help of 
resistance and aitatual Inductance. Then addition of 
these volts ge is given to the common branch and the 
balance is obtained (Pig. i in 2.1). 

In this instrument these voltages are generated 
electronically. As ?ig.1Q shows the voltage is taken 
by inae• ting a resistance of j,Ont in standard C.T. 
circuit. It is amplified, and then spitted in two 
parts one directly goes to a variable gain amplifier 
and the other through a 900  phase i f ter. titl a st 
they are again surmed up, the voltage obtained is 

balanced by the voltage in common branch. Thus the 
gain of the variable gain amplifiers of inphaaa 
voltage directly measure of the ratio error and gain 
of quadrature voltage is a measure of phase angle error. 

Thus the gain changing elements of the two amplifiers 
can directly to oallibrated in terms of ratio and 
11lrse angle errors. 
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The Instrument is a rtodifiostion over the direct 
reading electronic ratio error set described in 
2.3.2. Campari.sion of Fig.5 and Fig. 10 directly 
indicates the modification used. In the previous set 
the current from standard C.T. is taken through a 
transformer but in instrument developed here it has 
been taken by inserting a small resistance in the s000n.. 

dory of standard current transformer* By this 
ouncntion we got a simple and light instrument. 

The problem of isolation is very easily solved by 
having a buffer stage of very high input trapannce 
The second modification is that the phase shifter used hart 
be only one operational amplifier stage i.nstes6 of 
two This phase shifter is well tested and verified. 
and gives a good perfor +.nce#, 

The third modification Is that a voltage to 
current converter is not required. It is ea gy to 
construct a voltage to current converter for lower 
currents therefore., this modification does not nttsr 
much for lower range. But for higher ranges i.e. 
higher currents the construction of voltages to 
current converter requires an additional power stage 
whereas in the developed instrument no such power 

stage is reouire4. and the instrument as such can e 
used for higher ranges. 
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Further- core, the instrument developed is better then 
other electronic instruments in that they are very 

complicated and costly items. 

An instrument for P. T. testing can also be developed 

with sow modifications in configuration and cnUibr,-ition. 

For the difference in ccnfigurntion r1g.4 can be 
referred. The basic difference is that, here we take 

the voltage proportional to current in secondary of 

standard transformer by inse ting a resistance but for 

P.T. Testing the voltage can be token with the help of 

another Potential transformer. 5imilsrly the voltage 

proportional to differential current is obtained by 

using a standard resistance in common branch here- whereas 

this can be obtained in onse of P..T. directly by having 

differential connections of the two P.Ts. 

3.2 mo.gJhirn t 

The block diagram in Fig.11 mows The basic blocks 
of the Instrument. The voltage across 10a x-tre si stance 

is taken and given to a voltage follower which acts as 

a buffer and Provide a very high input Impedance. Then 
a.~ 

it is given to an amplifier having a fixed which amplifies 

the at final to a suitable voltage level to be processed 
further with minimum error. This is aplitted into two 



2; 

parts one Is taken directly and called inphase 
d 

component $ the other is gtvo n to a 90 	a $e thi f ter, 
and called quadrature component. Both the inphase and 
quadrature components are again lttted in two parts 
each,ane through invartery and other directly. The 
invOrted one Is for negative ratio and phase angle 
errors. hen they are given to an adder through a variable 
gain amplifier an one pole two way switch#  x s shoran 
In 'Fig.li.. The variable gain amplifiers are basically 
invert .ng amplifier modes of operational amplifier acting 
as an attenuator. The feedback resistances of .these 
amplifiers are variable and therefore we get variable 
volt a go s at the output.. 

These voltages are Added up by an adder and given 
to a detector which is connected to the comoron branch 
resistance. In the common branch we have three resistances 
at O.O s  0.l and 1. avin.g short circuiting plugs so 
that one of them can be taken In circuit at a time. 
The voltage drop aceorss this resistance due to flowing 
or chiffcr4intInl current 1-e bled--bi the output is 
bainneed by the output of the adder by adjusting the 
resistances of variable gain L7iplifireS. The resistances 
of the amplifiers In the Inphase and quadrature circuit 
can be directly callibrated in terms of ratio and phase 
angle errors respectively.. 
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The detector used for this Purpose Is also developed. 

It is basically an amplifier having a tunnel frequency 

of 60 }h and a gain of twenty thou sand. although at 

the final stage the voltage has been clamped to 2 volts 
only because of a log amplifier stage. Log amplifier 

has been used to give an automatic control of sensitivity. 

That is more sensitivity atless input voltage and leas 
sensitivity at more input; voltage. The detftl of 

detector circuit is given in chapter 4. 

3.3 + „fi~l....~ 	. t131 

The circuit diagram show 	t in Pig. 12 abows detailed 

otreuitary used for the instrument. The stage wise detail 
and design is given belows 

A resistance r)f 14 in ohm is inserted- in the secondary 

circuit of standard C.T. to have a voltage proportional 

to the secondary current of standard transformer. This 

is a piece of conatanton wire. Itbt value is chosen 

taking three factors into consideration. They are,# 

the burden on standard current transfornier* a suitable 
value of voltage ancd the availability of the resistance. 

The value of 10 in ohm Is best suited according to the sir 

considerations.. The exact value of the resistance is 

not uu important as its constancy with temperature 
variation etc. is required during the observation and 



therefore constenton m.terial is suitable. 

(1) Vg gan..?oaX.ta&t& 

It is basically a non Inverting mod. amplifier having 

a unity gain made with the help of operational amplifier 
(IC 741). It has an input impedence of JM Ohm so that 
no loading and signal drop is there. ¶se circuit is 
shown in Pi g.13 (a) • 

(ii) FS Qmi n1Itiwx 

To got a value of voltage which is suitable for further 
processing such ns inversion and phase shifting, we 
amplify it. This amplifier is bsisica.11y an inverting 
mode of operstionni amplifier (IC 741) having a g 1n of 
twenty, so that the voltage now becomes I volt. 1tl thou g i 
it gives inversion but it is not going to effect because  
accordingly the callibration can be done and positive, 
and negative error points can be decided in the two way 
switch. Fig.*3b shows the amplifier circuit used 
taking 	Rl  . s  

Gain 
H1 

•• Rf a 1O x 20 r 2OO K O hm 
nT.! R3  - 200a10 

*9.bKOhms 

x !i).9X Ohms (taking a standard value) 
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Q_ VOLTAGE FOLLOWER 
	 b_FIXED GAIN AMPLIFIER 

R f  Rf  = R1  

c _ INVERTOR 
d _ PHASE SHIFTER 

e _ VARIABLE GAIN AMPLIFIER f _ ADDER 

FIGURE — 13 



(iii) 1nver. 

There are two inverters used in the circuit one for 

tntiase voltage component and other for quadratur.e voltage 
component. Both the inverters are having the same  
circuit shown in Fig. 13(G). It is basically an inverting 

code amplifier of operational amplifier (IC ?41). 

Taking R1 a suitable value of ]P1( Ohms . For unity gain 
Rf = Ri 

:. R,f = 10 K Ohms 

R3 = 10 I I 10 . 0 K Ohms. 
E-4.? K Ohms (tatting a standard value) 

The circuit used for introducing a phase shift 
e 

of 90 is shown in Fig.l3id). It Is made with the help 
of an operational amplifier (IC 741). The two equal 
resistance a RI are taken of a suitable value of 10K Ohms 

If the phase shift is 0 , then 

tan (9/2 ) a 2-r f Re 
f=60hz 

tatting C 
for Q 90 tan (Q /2) = 1 

R = 	.M&a..N* . 	,..a. 	MYM.nN 	M.... "MI... 

2z 3.14x50x .2 x 10 

~'1f K Ohms 
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'therefore a fixed real stance of 10 K Ohms and a 
preset of 10K ohms is taken which is tr*maned to get 

0 
exactly 90 phase shift. This can be known with the 

help of  

Cv)  

This i $ ba scally an inverting node amplifier made 

with the help of an operational amplifier (IC ?41). 

Ptg.13(e) shows the circuit for the amplifier. The gain 
of the amplifier will depend up t the range of the 

In strums nth 

According to the 1.3.1. standards the limit of errors 

for different class C.T.S. are shown in tables below: 

Ta bL a 1. UZUS - .^. .. 	U .A  

ercentsge current error 1hase dispIocement in 
Class Ist percentage of rated 1ntnutes at percentage of 

evrrent grated current. 

10% 	20% 100% 120% 10% 20% 100% 12( 

(1) 12) 	(3) (4) (5) (6) (7) (8) (9) 

0.1 o.25 +0.2 • o.1 .O.1 +10 .8 + s • 6 

0.2 + 0.5 	.0.35, 0.2 •0. +90 +16 +10 • 10 

0.5 • 1. @ 	.0.75 .0.5 .0.5 .60 *45 +30 .30 
M.  

f 2.0 •1.5 *3.0 .1.0' +120 .90 	.64 	60 'f 	•  

a r~.rr~r_-- +r.IrwMrww* 	..+ 	 a  
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Percent/,#.i At percentage of Rated 
C1a as 	 Current 
wrwwr ~rww...awwwr.r.r..w.-r. wrrw~w ~r~rw.4.~r 	 .rr-.- - ..- 	- _-_-.r ___.__. ~.. 

1 	 2 	 3 

	

50% 	120% 
»........b....W 	 -.-1-...,.................. MM"". .~ ,., ...M......~,+........ ,.. ~............. 

3 # 3 
r i 

i 5 T5 i r 	, 

'fir 	M.~M~W,~rr. ~MriY --- .+ - -- 

Notes Limits of phase displacement are not spedified 
for classes 3 & S. 

If Sze consider that there is no phase angle error then 

for a current of So% at the maximum error i.e. 5% will have 

current = 025 A. If we consider the maximum resistance in 
the common branch i.e. 1 Ohms then the value of unbalanced 

voltage will 	.25V . But if we ReakAw consider other 
reststnnces it cyan be reduced* Therefore a convenient value 
bf ;p n..tn = 11100 is taken so that the maximum value of voltage 

0.1 V. This suits the resistance recut.rement and the value 

can cover whole range with proper accuracy. 

For the variable gain amplifier used in quadrature 

circuit. If we confider equal voltage from both sides then 
0 

thG phase angle will be 46 . For the phase angle error the 
0 

order is as less as 2 only. For the class 3 & class 5 C.Ts 



this is not specified even. 'Therefore we can certainly 

say that the voltage obtained from qusdreture circuit 

abould be much leg than the voltage from inphase circuit. 

Rance the gain oP the a plifier is taken to be 1/1000• 

This suits to resistance requirement also, 
in 

Therefore, resistances ehor~ sen for the amplifier in/Phase 

circuit: 

Rl se ic«z 
Rf lK( arlable). 

and for the amplifier in quadrature circuit 

Rl = 54Q K 
Rr = 500 Ohms 

e'en turn pots. have been used as variable resistances. 

The values available were 1K and 600 Ohms and therefore 
they have been taken. According. to the above calculation 

the fixed resistance in the quadrature circuit amplifier 

comas out to be 6000 but it has been taken as 100 K Obms to 

get sstisfictory performance of operational amplifier. in 
fact both the fixed resistances are taken as presets so 

that proper ca.11ibru.tion can be done according to the 

digit shown by the counter of the ten turn pots, 

(vi) Adgr. 

This is on adder circuit which adds the voltages 

obtained from quadrature and inphase circuits. As this 
one 

adds the instnn t ' values it is a vector adder not scaler. 
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The circuit is made with the help of an operational 
r*plIfier (IC741) and shown in Fig.13(f) . All the 

resistances are taken ss 10K Ohas a convenient value. 

If the output is VO and input volta ,es are ,vl a V2 

Then V0 a.(Vi . v'2 

The resistance st non»inverting terminal of 
operational aiaplifi*rr is taken as 3.3 K Chas , the 

parallel of the three resistances of i0K Ohms used. 

The input resistance can be changed If required 

according th the range nn i variation. in rni.gs of both the 

errors. 

3. 7L 1 iii 	L~ fW/+ i 

' r Cahibrattor icthod used* rsauire a •star *rd 

a etc r and a Voltmeter having uncertainty of lc ss than 

0.1 percent, Because we did not use a standard resistance, 

in the socontary of standard transformer to pick up the 

current we require a standard acmeter otherwise 4th a 
stable power supply appropriate volts€e can be taken. 

The circuit diagram for the rallibratien of the instrument 

is given in Fig.13(g). Current in the secondary of 

standard transformer is adjusted at 6 A. Then the voltage 
output is Adjusted by trt ming the presets in the variab3i 
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gain amplifier's with full variable feedbsek resistance 

in circuit. 

For the reasons given above we have taken full 
scale output of the tnphase component as .1V. As the 
am-nlifier gain is proportional to the feed back resistance 
and the pot taken is linear,, this will give putput 0 to 
. iV from 0 to 100% variation of resistance. 

For q uod nature oompore.nt the F. 8.O. is tan 0 
times the F. S.0. of in phase component where 0 is the 
maximum range of the instrument . For th. reasons given 

0 
in design we have taken 0 =a 

a 0 tan 0 for small. angles the output of the 
quadrature component will be proportional to the phase 
at spin cement. 

.. Pty' ait go 

fan 0 = .0 3 

?. S.O . of quadrature component = 8 m v a .00P volt 

Pi r stly having quadrature component zero the 
output of inphe se component is adjusted to 0.1 volt 
and ttin having in phase compnent zero output of quadrature 
is component is adjusted$  at 8 n.v. 
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'pull scale output of inphnse component is 0. jV 
which correspondence to error 

0.26 

uric# the total scale is divided Into 1000 division therefore 

multiplying factor for getting error 

is +r~r+Y 4w err 	= .002% 

j000  
This correspondence to co amon branch resistance 

jobum.rmr .1 Ohm and .01 Ohm '- this will be .02 and .2 respect 
ively. 

Similarly full scale output of quadrature 

component is 0.08 v witch corresponds to 5 degrees errors 
and the sc~►le is again divided Into 1000 division therefore 
multilying factor  

j000 

= 

This correspondence to i Ohm cournon branch nosistsnce for 
0 

0.1 enr .01 (This resistances the factor will be .06 
0 

and .5 respectively. Here for testing ammeter and 
voltmeter of 1% accuracy has been taken.' 

3.5 T  

The instrument has been callibrated using above 
method and the results are .found satisfactory. 

The ?ig.13 h and table 3 shows the linearity 
of the outnut with the rAntitnai._ Th i'c 4 a ~... 
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linearity In instrument due to linarity of variable 
resistance etc. The z•ro bift is due to Offset of 

the operational amplifier. Therefore the Instrument 

is not so accurate in voltage range. Q. to 60 m.v. U* 
i.e. ratio error range i* 0. to .1.2%. 

'.amble 3 Output Voltage according to variation in 

variable resistances in variable pin amplifiers 

s...r.r...r -ter......w. ...ti.w..~ is- 

Reading of the Pot * 	Voltage output 

1000 100 in v. 

900 90 m« v. 

goo 80 

700 70" 

COO 58 

600  

400 38 	N 
300 ~. 

200 19" 
100 941 

0 . 

3, 



.+w.,■-......w.r.r.w,w ..a► .~ 

.Reading of the Pot 	Volt ,go output 
W WHM . _..w.«. « .....wr....wu.f..r.._,k..........w. 	 F..... MfW.M►  

	

1000 	 8 m.. v. 

	

900 	 7.2 " 

	

800 	 8.4 " 

	

700 	 5.6 to 

	

600 	 4.8 "0 

	

Soo 	 4.0 '" 

	

400 	 3.►5" 

	

300 	 2.6 a 

	

200 	 3.8 0 
1.J. 11 

	

0 	 0,7" 

Current tranfornerc were tested by Arnold sot ava Unbie 

1'orutery and t o instrucnt devoloped., The errorss ore found 

shoes In tablo 4. 
The error observed frori Instrument  instrincnt to reading ratio error 

I p aso a.g1e error Is due to folloutnr reasons. 

Zero slip  nonithe3ri'fir as shot in figure 13 h. This nay  

,quo to nonlinoority of pots £ offset of I.0 .741. 
Thy the eo1iberction of the insr.mont metres uo1 i o 

t stand€rd., The 	 eto' error is not so itport,nt bo®r aso porccnt o 

ton, Tho vo1' otro or rnr i s v y much inpart tut. 

Tho lerst cnd most tnp3rtcit roa n. is the nultiplyln(! 

•ctor colculatod may have or error becauserstly tho out! t 

~Z ] 
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frog In phase component is tO!kcn iP bo z± a and than Output of 

qua'rnturo componont is tecan to bo zero. This can be nodificd by 
to tf.rg no$ of C.7 s. having diffcrc t range of errors pith the 

instrunorit and tho otandord sot, Whore razor be some error duo to 1 

stcnd.ar rosi Ct .nc0 used In the oomti branch also. 

Table - 5 show the error of two C.TO at different V.A. 
and different percentage of current. In the case of first C .T. 

we do not got phase angle error because the voltage is balanced 
by the zero input voltage of the instrument in quadraturo circuit. In 
the seoond coca is as the error is more we got readings. There-
fore, th€ro is cone error involved in measuring the phase angle 
error. 

0 



4.1. trIZO 2 

It is basically an s high gain tunned amplifier having 

a gain of twenty thou sand,, tunned for 50 fu. Although 
the output hasP been clamped to a value approximately 

two volts. Because last stage Is a log amplifier to 

have an automatic controlled sensitivity. The output 

of the amplifier can be given to zero centered micro 

ampiere meter with a suitable resistance in series. 

The basic idea to provide a high gain is to got fairly 

good sensitivity which. Is essential for the instrument 

developed. As at the lower range of errors the voltages 

to be balanced will be very low and also the accuracy 

of whole instrument depends upon the send si tivi ty of 
the detector so a high gain is required. 

The detector developed is simple in construction 

and cheaper in compsrision to other detectors used. 

Because it is nothing but a simple detector (Galvamometer 
or Anieter) 'with higher sensitivity. 

The block diagram (Iig.14) shown the different 

blocks of detector* Firstly a limiting and coupling 

circuits is used. This provides the operation of the 
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LIMITING PRE- DIFFER- TUNED ~1 
AND 	 CNTIAL 	 RECTIFIE 	LOG 
AN PLIN 	AMPLIFIE 	 AMPL - 	AND 	AMPLI _ 
CIRCUIT 	

AMP- 	FIER 	FILTER 	FIER LIFIER 

INPUT 

METER 

FIS. 14 - BLOCK DIAGRAM OF ELECTRONIC DETECTOR 

FIG•15 _ CIRCUIT DETAILS OF DETECTOR 



detector within a partioul*-r limit of voltage. 

Therefore, the detector should r4iwaya be used with a 

pressing key so that the circuit connected to the 

detector does not get loaded of the voltage is beyond 

a particular value 1ich is the forward bias voltage 
of a gnmanium diode, that 1a 0.2 volts. The next 

stage Is a preamplifier to provide a high '.nput 

impedance. As the dcteotor is having differential 
input of the preamplifier' stage should Also be a 

differential stage. After this a differential 
amplifier is used to get an amplification of the input, 

The next stage is a tanned amplifier which is funned 
to a frecuenay of 50 R. Then there is a rectifier 
to get direct voltage suitable for log amplifier. After 

that we have a long amplifier and then the meter. 

Mater used is a center zero microampere meter with a 

out table resistance In series. 

4.3 .~,,r5. .. tU .131 

he circuit diagram (Fig.36) shows the full 
eireuitary used to make the electronic detector. The 

detail and block wise circuit description and design 

is given aebows 

This is maed• of two gez anium diodes (3RRO4) in 

parallel acre ss the input, thus giving, the maximum voltage 
O.P. volt only. The two input are given through 0.1/-F 

13 



91 - 3?n9)d 

H31 J I1dV V 901 -a 

d313133,b `P 	 t3ldI1dAV 03NNnFD 

o 

d31dI1dVd3ad - D 

2~31dIldVV 1VLLN3a3d.dlo -q 

Ea 



enpooitoro 9 s hich not as coupling circuit. This is 
uacd to blockaf d. a. component g it. proscnt in tfto 

input. 

This is a differential preamplifier circuit undo 
by two oporational amplifiers (IC 741) both as voltago 

followers. Pier each Input separate voltage folio r 
circuit is us r1 as ShC1Jfl in the Pig.3.G (a). b l mega ohms 

rosi stnnco is connected to nontnverting terminal an . 

,shtch is the usual practice. 

(i21) DQ P2t.a%  

The differential outp`it of preamplifier is given to 

a differential input single ended output amplifier. The 

ctrcutt of hith is shown in Ftg.16(b). The conditionu for 
proper amplificntion and a defined gain are Rj should be 

oqu 4 to Rv and R3 should bb equal to R4. Then n the gain 
co me a out to be 

..~. 	a 	... 
Rl 	H 

The gain of IOOOO has been flibvfdcd in three sta as. 

For diffe"ontiRl amplifier jOOp then for tunnel amplifier 10 9 

and for rectified O. Thus the ,gain of differential 
anpiifior is 100. Theroforov rec#tstaricoa are choson as 



R1 RU err 1 K ohms 

R3 ss R4 zs 100 K 0bma 

(iv)  

Before tunned amp Fier for a.a. coupling i.e to 

filter the 1.c. component a capecitance is used. Values 

of the cApa ci tanCO can be calculated by 

L...K,.  
2 -c re 

where Riia the input resistance cf next sta.00 and C is 

the capacitor. The next stage has RZ= 14K Ohms 

,.. ......... = 10000 
2 i fc 

C „.~....wr....~. 
I00O0 x 2 -A xf 

f 50 Hz 

. 	C = ° 	 x x 14 	.3 x lO 

.SAP 

This value corresionience to 3 dB loss . For less loss 

of singal capacitance value Could be 1- it convenient 

value of C I ji' ha a been taken. 

The circuit oi" tanned amplifier is shown in Pt 8.16(0 ). 

This is made with the help of an operational amplifier (1C741) 

in inverting amplifier mo ~►.,, With a twin T tunned at 50Hz 
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in feed back. This twi n T provides infinite impedance 

at 50 Hz and therefore the parallel, resistance Rf only 

comas into picture. But for other frequencies this 

provid*s a very low impedence therefore, athe amplifier 
gives low gain at frequencies other than 50 Hz. he 

tunning frequency of twin T Is given by 

f im ____ 2C4 
Provided C3 = 2C4 

2 

taking 04 tf a convetient value 0.1P 

C2 = 
And for 50 Hz. 

60 = 	 i 	 . 	...».r ...ww....~.... 

2 x. l x I0-' x R4 

100x .1x 1 
=100x 

 50K Ohms 
2 

e 47 K (taking a standard value) 

Gain of amplifier a.t 50 Its ire #A- , 	U 1.0 
Rl 

taking Ul = 10 K 
Rf a 14x lox= 100K 

Resistance at non inventing terminal to cornpensste 
the bias current can be calculated 
n$ Fkn 	 100 

:9.2K 
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(v) R, 	cr 

The roc tiYi or circuitused is not only a rootifi or 

but it is a roctttir '4th gain end caUc1 a proci stan 
rootfier,h ' o full rravo roetifiaof3.on by Viis circuit Is 

done '4th th the help of a circuit ohotm in .g, (d) udng 
tueoperat1onal ciplifi.ers ( ?G1) , Tho input is given t a 

half travo rectifi or using dodos in feed bae! circuit of an 
invorting noelo cipiifl or as snow n in .i„ Cd) . Th+6 one 
input aMM tho output of half xyave rectifier are added '4th the 
boln of ar. adder made by m oprationo3 +mplttb (tC 743)., 

Tht baste principle of the circuit is first the halt 
unv o rectification 15 done & t ioi it i s added to the 
original  wave, Bee nzcc the half Bravo rectifier Is a 
inverting node ip1ifiorit gives negotivo half cycles in 
place of poottivo half cycles, L c this is added to the 
oricinal unvo it 411 give only n+ c ivo cycles, But 
if the gain tr.th which the roct.Uiod ucvo is aided IS 
doublo than that of origins. it '411 give a full uuvo 
rectified uavo forri4  Therefore the rye st ce'4th 

rectified trove should be double th c that '4th original 

u-ave 0; do overall gain is decided by rn 	of foetd back 

ro51 stance C. the rest stcnoo with otgino1 uaye, 

Thus the rosi stop os used in tho circuit are 

chosen as 



R11  =10K 

Rr, = 10K 

R31  = 10 10 

4.'l (tal .ng a standard value) 

For the adders 

R = 10K 

X130 

4.' .(taking a standard value) 

' e gain of adder 

:. 

R33  = ao 4.7 10 

Tho value of feed back resi stance f0K 
can be obtained by taking to resistances of 
100 K in series. 	De Base if ire toe, 



a nearest standard value, there4will be error in the 
gain which is not desirable. Matched resistances should 

be used in this circuit to get an exact stave shapes I.e. 

Rif should be exactly equal to R]2 9 Rtl and Rfl'l should 
be a equal. 

At the output of rectifier a capacitor in parallel 
has been used to get a smooth direct voltage. For the 

value of cepacitence the time constant. 

HIM C 	.. ........,.~.r. 
2-Af 

here R I is input impedance of next stage vhicb is a log 
amplifier and ac 3.3K 

3.3 ,c Cx 1002 > ...h....~,r,.. 
2x50x3.14 

> x5Ox 103 x3*14x3.3 
.6 

x la 
.33z 3.14 

> I /0F 
• C =.. 5 ) -P 	(taking a suitable value) 

(vi) 	The Fig,16 to) shown tb circuit 
used for log amplifier. Output of the amplifier stage 

can be given by 

e4 =~► -4ogla +log el 	K 

R1 
where stn* 2* e 1 in put voltage 

to 	#w.~~ar~ r i current of the diode 
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and K is a constant 

•••0 	• (N o  4 tog el ) 

Thus it gives a log amplification. That is this protides 

less gain at high i input and high gain at lower inputs. 
Thus this current provides an automatic control of sensitivity 

rani ch we generally do with the help of a r®*ieble 

resistance in series of meter by varying the resistance from 
maximum to minimum. 

The brtsic requirement for this circuit to work as 
a log amplifier is that the diode "could be in the region 
of partial conduction. Because after full conduction it 
gives a constant voltage across it. Therefore, Rl  is 
calculated as 

fti > z M uLtL  
minimum current for full conduction of the diod . 

The maximum voltage will be depend upon the supply voltage. 
As we have used batteries of • 12 volts the maximum d. c. 
voltage will be 12 votts. 

The diode taken is 	€6 which has minimum forward 
current = SmA 

. 	R > . .... 	2.4K 
a 

R s 3.3 

Ohl ustm-7 LKTEts ,Flo 
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The diodes used are iN 66 which gives a forward 
voltage of 1 volt. Therefore maximum output will be 
2 volts. Because two diodes are used t series. 

The center zero mlcroampare meter used has 

maximum scale deflection of 100JuA & therefore 
resistance used in series with the meter 

100 :LTA 

100 
=20K Ohms 

Test Results$ The detector has been tested with a function 

generator with an. alternator. Because by attwm ltor we can easily 
get & measure also the voltage for Input of the order of 0. ]mv. 
The resistance for attdiu for has been taken as 100 & a variable 
resistance of I to 10 , Low resistances have been taken to 
minimize the noise. And for the same reason shielded wire has 
been used to give input. The result has been found satisfactory & 
given in tables belows 

Input before Output before Output after log 
attenator of 2/102 log stage 	V stage V 

0 0,3 0.05 
5 1.8 0.84 

10 3.0 0.30 
15 5.2 0.37 
2J 6,0 0.45 
25 7.2 O.53 
30 8.4 0,53 
40 10.5 0.6 

100 1016 0.6 
2D0 30.8 V 	 0.6 



Q 

FREQUENCY (Hz) Lc&1  SCALE 

FIG, 16 
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Frequency 	 Output at 0.6 mV 
Hz 

25 7.4 
30 7.5 
40 8.5 
50 8,4 
60 	 - 6.5 
70 6.4 
90 3.9 

150 3.0 
200 1.5 
400 0.8 .  
500 0.6 

1000 0.5 
2000 0.5 

The fig.16 shows the variation output before log stage 

with respect to input, the gain comes out to be approximately 

fif teen thousand. 

Fig.16h shows the variation of a tput after log stage. 

It is clear that more gain is obtained at lower values. 

Et g. L6i shows the output vs varying frequency input 

We see that at 4SHz we get the maximum output. This is because 

of some error In resistances & capacitances. This can be made 
tanned to 50Hz having a preset instead of fix resistances. But 

this gives fairly high output at MHz also therefore it is not 
going to effect the detector performance. 

The output at zero input does not come exactly zero because 

of offset of rectifier & log stage apilfier I.Cs. 
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to I. P 	' O 

In the instrument developed one he s to ad 3u st the 
two variable resistances to get the balance and then 
the reading obtained on the resistances will give 

the ratio and phase angle error. But for a direct 
inciiCatton of error we can have following schen . 	In 
2.3.2 a soli balancing scheme Is discussed but that 
scheme is very complicated wheareas the scheme proposed 
hero is a simple and equally accurate scheme. The basic 
principle remaining the same as 2.3.2. Equation no. (10), 
(1..), (13) & (14) from 2.3.2 are 

Cos e(. 100 in percent 	....#.».(i) 

Pa 	. 
Us 

Is 

S inoc 

Cos oC, 1010 inpereent •. ..... (3 ) 

Sin oC 	 ........ {4 ) 

If we multiply two sinusoidal signals say 

A sin wet & B Sin cwt 

Then output Vo = ri An Wt. B sin (Wt. 	) 
AB(Cod (2wt.c) •Coso<) 



ani now with the beip of a filter we filter out *.c. 
component ani take only tl.c» component then the output 

2ks*wi3.1 be giv an by t 

doe. component 0'(3, 4.B Go$ 	 .0.1.0(5) 

Vow from equation 	(1) 

eu.,z1ux1_ ono( 
Iv'aI 

J L.LUi. Cos oC 

0V.I.Y .. Cos 
Eo 

cos 

d. e» component of multiplication of Us & Uz 
. .+-~.r+'1rwarr+ir.Mw Mrr+r lMwr 	.weft. 	wMA.*rw/r»rl/wwiw.1/wYArM•.r-...1Mfw• 	» i • • i (6)  

(from equation No»5) 

It we take A sin (wt. • 90) and .B»Sin (Wt+ a ) 
then the doe» component will be given by it 

does, compone nt o` ' AB at n oC  

flow from equation (2) similarly we can obtain that 
d» c. component of multiplication of Us with

se shift_of 90 

».»....(8) 

Similarly for C.T» ratio and phase angle errors can be 
written as 
go 	d.c. component of multipliontion of 

 l l~ 
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d.a. component of mulitiplicntion of Is with 
a ph se shift of 90 and Xx  

c cx 	 ......«... 	.:..........,... 	....w.r...... 	..... (10) 
it)  2 

Equations (6), (8), (9) and (10) can very easily be 
realized. 

5.2. 	1X %Q 

A scheme for realizing above equations sm is given below 

Here the block diagram for realizing the equations for 6.!. 
testing only is given in Fi g.1? because the only difference 
Is that in the case of C.?. we take voltages by inserting 
resistances in the circuit whores in the case of P.T. 
voltages can be taken direct .y. For the exei t connection 
F1g.4 can be referred. 

Fig.17 shows the basic block diagram of the circuit. 
The basic princtg1s is some as comparision method. The 
voltage taken from secondary of standard currant transformer 
and the common 	nab is given to a four quodrant multiplier 

The voltage from secondary of standard current transformer Us 
i s directly given to multiplier for ratio error and through 

900 phase if ter for *a se angle error*  This can be selected 
by a one pole two say switch, Out put of multiplier goes to 
a low pass filter which gives d. o.outout,. This direct 



square of 
voltage and/rectified Us isgiven to a dkvider foetput, 
of which is given to a meter which can be callibrated in 
terms of ratio and phase angle errors. 

One four qusdtant multiplier one d. c. multiplier 

and one doc, divider are the main components reauircd for 
this scheme. All types of multipliers and dividerrs required 
are available in integratet9 circuit chips. To make a divider 
a multiplier can a also be used in feed back of an ennplhfier. 

The meter used should be centre zero so that it 
can give positive and negative both type of errors. The 
teeter can be callibrated separately for ratio error and 

a 
phase angle errors. i This may have/ scale for potential 
transformer efors if the Instrument is designed in such a 
way that it can be used for P.F. nesting also. An 4/fl 

converter with a digital display can be used for display of 

ratio error and phase angle errors. One advantage of this 
instrument is that having digital output, the human i nv eluement 
may be reduced and the data can directly be used in 
computers for a data processing. 
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6. GOQUJZQPli  

• '!'Ta 	f r r s 	.r 	s :r 	 s 	f s'r r 

Although the instrument developed is not so accurate 
its shows ta an accurate pattern and therefore it is 
sure that an instrument with enough accuracy can be 
dsvelepaa with the sane achemo u±ping, better components 
And b€tter callibration aiethod. The test result end 

In 
performance f the developed instruments Is given/third 
chapter. 

The main problem with I.C.?4j to its offset. 
In Thn case of detector it becomes pra torninant because 
tthe gain is very high and the output is also d. c. It 
is r ,t at all desired for tha detector because it is 
used for null detection. The test result and performance 
of the detector is giv en In fourth chapter # 
C. 2 A tl1.Ga. 1ilQp:... 

The instrument has application in both the ends 
that is at manufacturers and and consumer end. its this 
procedure is Gast to got error this can be used Sy 
manufacturers of C. T. $. to gat errors o sil.y and in 
less time. It can be used by consumers s-lso rr 
' he require na. of C . T. *. 	for ah eel. r work. 	It is w. 
chd$er device so the consuaer can very easily afford 
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Accuracy can be increased by having better components 
and better call, bbration methods i o it can be used in 
laboratories also. 

With some modification in configuration this can be 
used .for pote^tial transformers testing also. The rodifi-
cation nee1 id Is given in the report.. 

The detector developed can be use d for other 
null balance s pplientions like bridge balance etc. It 
can be u de tunned to other frequencies by having other 
tanned twini cir suit and a selector switch. 

~. 	►t 	4rT 4I  

or range selerttion the fixed resistance used in the 
variable gain amplifier can also be taken of three values 
according to the resistance inserted in common branch . 
This will give equal accuracy linearity and sensitivity 
for oaeh real. stance. One selector switch can be had for 
selection rand. 

The resistance used it 	 can be 
replaced by having an operational amplifier and a resistance 
of more value in feed back e,q chi scusso in 2.3.3. This 
wi :. reduce the burden on the C.Ts 

Bitter components like I . C s with ar i off set 
error can be used and accuracy can be increased in the 
ease of instrument and detector both. For the detector 

W 



it is very much important as it is for null detection n4 

output is d. C. with the detector we can have pia 
tuned twin Te and having a ael.atc r witch it can be 
made tunnod for different fre uencies. 

For use for P,T testing different configuration 
given in Pig.4 can be used. The voltage output twrom 
the configuration can be calculated and accordingly the 
components like P.T,,. in the configuration can be designed to 
wilt the instrument. The multiplying factor can also be 
changed accordingly. 

The propo sad scheme in Chapter b can be constructed 
and callibrated to have an automatic instrument for 
tnatiuient tr rnsformer testing. 
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