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sYBOP SIS

The work presented in this roport is o contribution
towvardg using sleectronien devices for instrument transformor
tosting. An 1nstrum'nt for toasting of curront transf-rosr
hog boon deslgned developed and testeds The bagie prineciple
{8 gome fip gonerally uscd for comparision method but the
costly mariatle mutual induetance is replaced by eloectronic
devicog. An Olectronic dotector which 18 o part of the
instepunent a.nd can be used separately for other purpoées» also
has been dosignsd developed and testeds The tast repults aro
given, With gsome modification given in tha roport tho
instrument dan be used for Potential transformor tosting also,
A schem® is algo proposed for an automatic clectronic instrument

for instrument iransforer testing.



INTRODPICTION

with the i{ncreasing tendency tovards higher voltage
and higher currents, instrument transformers now play &
vital role in power syotem. The accurate measuraement
of current and voltages of high valueg 15 dependent upon
the accuracy of instrument transformers, Therefore,
4t 15 necessary that an accurate, simple and compact
instrument ghould be available for testing of instrument
transformers. The work described in the report is a
step towards ao:hievement of this goal. With the
developuent of electronics 1nst§umentation i1t 15 now
possible to use electronics for instrument transformer
testing slso. As the name indicates the device developed

here 15 also &n electronic davi.ce._

This reports firstly deals with the conventional
methodsy methods using current comparators for instrument
transfermor testing, atleast one method commonly used from
each tyho is discussed and refergnces for others are given,
Then the work done by Aifferent auth_o,és using electronics
for instrumont transformer testing has been given and sach
schems is dxaeuss‘od in dotail.___<



In this work an electronic device for C.T.
tosting with high aceuracy, simple operation and
lower cost 18 designed de&elopea and tested., The
bagic principle used 1is snme as uged in comparision
method. In this the test C.T. 15 compared with a
standard current transformer. The method uses a
varinble mutual inductance, and rasistancea which
are costly items. But in the instrument developad
hﬁl?.;&.ﬂgz are replaced by electronic devices
which Qre muchlcheaper than above componehta. he
accuracy and performance obtained from this instrusent
is also very high, Design and detall of this
instrument with test results and performance is given
" 4n third chapter of this report. The instrument is
basically developed for C.T. but with some modifieation
discussed in this raport/éhan be developed for P.T.
testing also.

Desim‘and detail of an olectronic detecter
vhich 1s & part of the above instrument and can be
usedl separately for other purposes 18 discusgsed 1&
chapter fourthe The test results and performance
of the aefctor 1s also given,



‘The fifth chepter deals with scheme for an
automatic C.T.testing device. This is automatic in
the sengse that 1t directly reads af the errors
without any adjustment for balance, The device can
also b developed for P,T. testing. 'me-mbdif&eation

needed for this are glven,

The last chapter concludes the report having
conclusions from the work done, suggestion for furthery

work snd applicationsof the developed instrument,



7. REVIEW.AMR LXTERATUBE.SURYEL

There are several methods for instrument
transformer testing. The generally used methods
in laboratory ete. are conventional methods., But
with the development of current comparators and
slectronie devices,these are slso nsed for testing
instrument transformer, The coamonly used
eonvantional methods, one method using current
comparator with principle of current comparator
and 'the electronic instruments developed so far
have been described belows

2.1 Capventiopal.Methoda (1)

The testing methods may be davided into two
clagsesg
(s) absolute methods and

(b) sacondary or comparision mothod se

In the absolute methods the transformer errors
are deternined in terms of the constants - resistance,
inductance and capneﬂ.taheo of the testing elircuits
vheress in the secondary methods, the errors of the
tranoformer under test are compared with those of a

standard transformer,



The absolute mothods eomonly used for £,T. testing
are 14sted belows ' -

1. Mutual Inductance Methods
2, Bifri Method,

The most comaonly usSed method for C.T. tésting is
Arnold method, It is a secondéry method, {.e, the
C.T. under tesat is compared with a gtandard C.T. The
set up &5 given in figure ),

S & X sre the standard and test transfornmers
respectively, 'these being of the same nominal ratio.
T 48 a C.Ts having negligibly smell errors and is _
for the purpose of ix» f1eolating the measuring circult
from the main secondary eircuit, M 88 a veriable
astatic matual indlctor with a ronge of & 2.4
mierohenries, R consists of three resu;ors of 0,01,
0.10 and 1 Ohm respectively conmected in series,
fitted with short eircuiting plugs so that only one
can be had in eircuit at a time Adepending upon the
sensitivity and range, ..r« 18 g variabdble resistor
of ¥ 500 micro Chms,

It can be derived taking error of standard
current transformer zero, at balance if value of r 18 »

and mutual inductance is M. then

Ratio error = 2
R
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and Phase angle error = §M
R

Therefore, r and M can be directly callibrated in

terms of Ratio and Phase angle errors,

Similarly for Potentlal transformer the methods
are (a) Absolute methods 8 There are éovoral
absolute methods for this purpose, ’Rxesé methods are
sssentially the same in principle, the transfarmer
secondary voltage being in such methods bslanced by
8 frection of the primary applied voltage,a gxk

Vibration grlvomameter being used as & detector to
" 4ndicate exact balance and varicus adjustable

{mpedence being used to vary the mmgnitude and phase
of the fraction of the primary wvoltage until such
& balence 1s obtalined,

The voltage dirivmer for comparision may be
made by capacitance, Thege are having advantage of

accuracy and low power consumption but of high cost,

(b) The &lothier and Medina Method
(e) Comparision methodss

™e connection for one such method are
given {n figure-2. As uged inthis test, Waksmeter
W 18 egsentially & voltmeter and xx its deflection



per volt applied to the voltage coil correspondpug

to some glven current in the current coil must dbe known,
Let k 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 the rgaa.di.ng D of wattmeter W, when the
cuprent I in the current coil 1is in phase &ith the
gecondary voltage of sgtanderd transformer, The phage
of this current is altéred by phase shifter, until

the wsttmeter W, gives maximam reading. This 1s By .
The phase shifter is then adjusted until wattmster W,
given zero resding when the current I must be a0®

out of nhase with the voltage Vs. The reading Do of the
wattmeter Wy 18 then agaln obsgerved,.

Then if Rs and Rx are the ratios of the standard

and test tranformers respectively

Rx = Bﬂ-a-g-ﬂ..
©x =05+ tan ~* _EDo.

\'£:)

Wherae @ x and O 5 are the phase sngles of the
test and standard transformers respectively.



2.2 C.J.Testine.Uslog Curcant Comparatara

The current comparator 18 essentially a three winding
differential current transformer « it 138 an ampere turn
balance detectoy and two ratio winding carrying currents
to be compared,

2.2.1 Rrinciole.ef Operatien. \3E]

The voltage developed in 8 uniformly Aistributed coll
wound upon s mognetic torroidal core 1is known to be a
ehighly sensitive indlcator of whether the sum of the
alternating currents flowing through the tor'mm window
is zero or not. Fundamentally, the current compa/gg’r is
nothing but more than a detector based on this principle,
It is mnthing but a torroidal transformer which vhen
properly designed and constructed becomes an accurate

stable current ratio standard,

In this basic form of the ocurrent comparator consists
of a magnetic torroidal core upon whjch there are foupr
windé\gs. Two of these carry curremts to be compared
whlle #he third detects the average flux density in the
cores. The fourth wirding provides a means of fine

adjustmentas in the effective magnetization of the core,

In operation the two current %o be compared

are passed through their regpective windings in such a way
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that the two magnetizing forces on the core oppose
each other, An additional current of measured

value snd phdse is then passed through the fourth
winding to bring the third winding to & null
indieating gero flux in the core, Current comparators

can be used for testing of C,Ts,

A current transformer callibration oircuit
using compensated curr ent comperator is shown in
£1g8.3 . A current £Ig of approprinte magnitude and
phase 1s injected at M through the G=-C circuit in
order to correct error in the curr nt transformer
*he potential difference across p is propotional
to Is { = Ip/kt) where kt is ere turns ratio,

At balance 5I3 = r Jp. (G « 3¥C)
K%

oo Fractionil aryor of the current transformer
is given by |

= & a (G ),
Gy E%/Kg 1;') » Jue

The balance procedure is thus simple and 44rect
There are howsver some errors vhich beaeome predobinent
for higher ratio,..

The first error is caused by the compensating
winding current by passing the referece resistor r.

10



11

The injected current is thus a function of the
a1rference between the compensating winding current

arnd the secondary current not the secondary current,

The second error is caused by the fapedance of

- the compénsating winding. The flow of current
through this impedance means that the voltage botween
points M & N 15 not exactly zero and although it is
.quite small 4t may be appreciable with respect to the
voltage accorss r for higher currents. The injected
currect then will not mareroro be exactly

proportional to the secondaly current,

Control of these two errors is achiecved
by designing for minimum inpedance in the compensation
vinding and for low compensation - & winding of

current,

>R The current comparators are also used in

placed of standard C,T.8; They have compensating

winding to compensate the errors involved and

therefore they are very useful to compare with the

test C,T. for detail ides and specific use reference [4]-[!
ean be wntacited.

2.3 Elscironic Methodas wWith the development of
d1fferent electronic devices it 15 novw pogsille to
meacure the errors of Instrument transformonces

with the help of electronic devices. The bastie
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prineiple i3 same as in comparision method. The
teat tranformer is compared with a standard

transformer, With the help of elsctronic devices
cnstly standard mutual inductances and resistances
can be replaced. Direct display of errors in both
the forms analog and digital hess also been possible
Xy using eiactmnie devices, Different schemes
using electronic circuitry for instrament transformer

testing which have boen developed so far are given bolows

2.3.1 Ap.Blectronic Self Balancing Instrument trspsformer
Testing. DRevice 19].

By this device the ratio and phase angle errors of
instrument transformers ean bve read off or rocorded
directly with » printe or Algitsl ingtrument, Iq this
alsp the test transgformer is compared with a standérd |
transformer. The voltage difference between the
secondary voltages of the test and the standard transformer
18 bnlanced by & voltage that 15 seperated into two
component one being in phage with the voltage of the
standard gransformer and the other in quadrature, The
direct voltages with which the raference'ﬁ voltages
are multiflied to -~ generate the baléncing voltago
are a means/r:f the errors and -the phage da.splacomcmt
of the instrument transfo rmers,
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Figure 4 shows the used cirecuitly for the above
scheme, A voltage ddfference in case of PoTe UX &
(UT - U3) 18 obtained.

vhere UT 1as the sec ndary voltage of test
transformer and Us is the secondary voltape of standard
transformer, 1t may be separated into tvwo components,
Uxp = Ux Cosot
and Uyxq = Uy Sins

Uxp 18 in the direction of Up and Uxq 18 in the
direction of Uy, Up and Uy are the reference voltages,
Up being proportional to and in phase of Us and Uq 18
equnl to Up in magnitude but is in quadrature with Us,

Up n J UQ A Us » 0.0‘(1)

Similarly for C.T. circult
Ux & ( Ip = Is)

Iy 18 gecondary curment of test CuTe 8 Ia 18
secondary current of gtandard C.T. This can slso be
senarated into two compnents, Uxp amd Uxq in
auaderature to ench other. As in the cnse of P.T.
reforence voltages Up is generated in phase of
with Is and Ug in quedrature with Is. By suitable
adjustnent 1t i3 pogsible to make Up and Ur referred

13
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to & rated current of 6§ A in the C.T. Chrcuit equal
in magnituide of Up and Uq referred to a rated
voltage of 100V in the voltage trangformer #iruit,
Thus in the ¢.T. circuit or in the P,7T. circuit the
voltage Ux represents the same error refrred to BA
rated current or & 100 V rated voltage, respectively,

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

In the balance circuit the error voltage

Ux «iUx L CosX & J \Ux| S8indA =
|Uxpl » § \Uxq) m—ne  (2)

18 comnected in opposition to the balancex voltage
Uk = IUKl Cos « 3 |Ukl Stn = |Uxpl & § lUxqlee...(3)

As long as the measuring device is not bMelanced
the voltage at the input of zero amplifier is
Uﬂ = UX - Uk e se 0000(4)

The amplified voltage 18 c¢connected to the phase
sengitive rectificus p & o by mesns of the transformers
Tp and Tq. ‘

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

voltage Up with the multiplier p gives the voltage Uk,.
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Similerly multiplication of Eqq at the output of
rectifier q by the multiplier q. gives Ug,, Direct

voltages By, and Bgq control the voltage Ui in
such a way that Uy = Ux and the device 1s balenced.

Therefore from(2)& (3)
Ukp = k1 Edp ‘Up‘ = {Ux\ Cosdl = pr sesense (D)

Ug =Ko Bdp |Ug| = \Ux] 8in A = Ugqeeecees(6)

Than from (6) (6) and (1)

= ‘le ‘M o oiooo(?)
Pap K1 [Up?ﬂ ot | \Hs‘

= \uﬂ m"\ .31 oA Qt'..‘(s)
Ma Ko [Us] O‘Liml -

According to Ihtornatioml Eleotro Techhical
Commission ( I E.C.) the voltage error of a Veltage

transfornmor 18 defined as

€y = | -1l  x 100 1in percent ...(9)
oV uﬂlré—‘gn-! ’
where U =secondary voltage of the test transformer,

£ U Primary voltage
EKn rated trangformation ratio
Assuming standard transforacr's srror equal to

zero, The voltage error is



6y = [U7]- |og)
. — x 100 in percent
| ‘Us‘

Or €y = ‘U Cos X .100 4in percent .ecc...(10)
8 4

Where A being the angle between US & Ux,

Us 12 the gecondary voltage of gtandard transformer,

Similarly eaquation for phase error is

Py  log - |odl | » 3
oL . A
R sin L e \%gﬁl__ S1ncd. . (11)

Also according to { I.B.C.) ratio error of C.T. 18

¢ \tr| En- |1}

B

- 100 4in percant_..u(lﬁ)

where
It secondary current of test transformer Kn 1is
rated transformation ratio

I primary current,

Assuming that standard transformer is free of

error,

€ = u';.\E;T.LIﬂ! . 100 in pe\rcept

or ‘ec - ‘%‘,L__ . Cos ¢ 100 in percent 000(13)
< .

where o{ is the angle botwecen Ix and Is & Is is the

16
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secondary current of standard transformer,

For the phase displacement
Pc oA \xml - |14
RE
Comparing (?),(10), & 13) as well as (8), (11) and
(14) we See that the direct voltage Edp is measure

. s1n = '&;F , SINA essees(14)

of voltage and current error and the direct voltage
Bgq 15 a measure of pha se 41 splacenents, Therefore,
the indicating instruments can directly be callibiated
in terms of ratio and phase angle errors, or those
voltages can be converted in to digitel form and

di splayed,

The advamtage of this method is that 1t glves
automatic indication of the different errors, no
il balance 18 required and that 13 why 1t 1s
called self balanecing, The disadvantage 1s this
- that 8 complicated and costly device,

2.3.2 Direct. reading Electronic Retio.etxor set [10]

T™his set 18 only for Current Transformsr but
simlar errangement con also be mdde with some modi-

fleation for potential trensformers also.

T™his also 1is based on the comparision technique,
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The ratio error set 18 made @Mpable of supplying s

current equal to the difference of aunrrents of secondaries
- of standafd and test transformers so that the detector
gives & gero defloction. Two elements of Ratio error

st are related to the current injected in such a way that
they can be callibrated in terms of ratlio and phase

angle errore Fig.6 shows the block digrams of the

instmument,

_ The eircuit diagram of an alactronic ty pe ratio
error set 1s shown in fig.5. It consists of & two
stege current tranaformer with & resistive burden for
current to voltage conversion and isolstion a voltage
gein stage 4, a phase shifter, tw variable gain stages,
and an output voltage to current powsr amplfiev, ;

two stage current transformer was chosen as this enables
the design to be more compaet for a givén accuracy.

The QOP rhase shift is obtalned 1in two 45°stopa thus
realizing improved stability and simplicity at the
expense of poermitting phase as well as amplitude shifts
vith the variable i:: frequenay,

The operation of the output stage is defined
by the eéuation
i =n-2(epsreq)/ Ro (1e Z /RA) ceoell)

Where

1 18 the output current injected to point M.
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ep,eq are the voltage outputs from the inphase and

cuadrature varisble gain stages,

Rg 18 the_outpdt current measuring resister,

Z 1:3 the inpedence of the 1000 A F decoupling
eapacitor plus any other equivalent imfledsnce thagugh
which the current § must psss before reaching a

point wvhose potential is the same as point N,

Ra is the resistence of the potential divider connected
to the positive input terminal of the operational
anplifier (shown a52R in series with O.8R 1 Fig.b.)

The effect of the 26 MF decoupling capacitor is
negligible, at the operating freauencies, Dnhivider ratio
48 the only parameter that must be fixed. The total

resistance may be of nny convenient value.

The circuit has &8 gystematic error equal to
2/R@qe This is a compromise that permits Ry, to be
varied indepently for range mulétiplication. |

The burden imposed by the electronic circuit
13 almst entirely due to the winding smpedsnce of
the fnput clircult transformer and consequently can uve
made very low. Igmoring the effect of the decoupling
capacitors, the equivalent shunt impedance at the
output is given by

2.6R / (1#12.5 R/URy )
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2.3.3. ApdreulsMetbod

Anfrews Braun has deacribed .in his paper [11) o
method which can ve used for a precision - current
transformer having very high primsry currents. For
very high primary current it 1s ususl practice that
the two stage C.T. 15 used. First the high current
$s convorted to a sultable low va'lue then again 1t 1is
transformed to standard values ( 1 or 6A).

- In the scheme deseribed the baslc principle is
gnme as in Armold methoed. Compensated current
transformer of very high accuracy has been used instead

of standard trensformer,

A éharacterstic feature of the new measuring method
is that common cdrcuit resgistance Rp 18 no longer conrected
in eircuit but in the feed back cirecult of an electronic
operational amplifier located in the comon ecircuit

effechre
(FLg.7)s As the commn/cireuit resisdance rp, this
elreult arrangements yields

™D & Rp/o,

where s the cpen loop gain of mm the operational
amplifier. In modern amplifiers this gain is > zo?
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The choice of re sixience value of Rp depends
merely on the desired érror range, If for instance
Bp = 10 K 18 chosen, A? 105, yields an effective’
common circult resistance rp £ 0,12 At & f%conda'ry
current value of 6A , & current error of 10
(=~1ppm ) leads to a common voltage Uy = 50 mv,

{.e, with an effective common circuit mkiinu
registance rp vhich 138 80 times smaller, the test
set 1s still 2000 times more sensitive ‘ﬁhan the

Yoy
existing trangforme r/ measuring devices.

2.3.4. Kabler!s.Method

Richard L, Kahler has deseribed in his paper [17]
a direct reading electronic ratio serror set for
current transformer ealiibration. ™is hns the same
principle ns desceribed in 2.3.2 « But in materializihg
the principleo #ifferent method is used.

A block diagram of the circuit is shown in
FigeBe The secondary current la is converted to a
propertional voltage, The signal path then splits
into two channels direct and quadrature, The direct
channel is scaled by & factor of ¢ and the quadrature
channel by © . The quadrature channel then receives
s 90° pzase shift, after wvhich the chonnels are summed.

Finally the voltages are combined and converted to a
current,



The special featurs of thism set 15 that the
scalling is done dlgitally and the final read out
18 also dipital. It 18 accompliched through the
eireuit indiecated sdhematlca;1§ in Pig.9. Tech
Channal uses the ssme circuit so only one is shown,
A Adbpitel pannel meter is used to generate binary
code which is epplied to the aigital inputs of &

mul tiplying d41gital to analog converter, The voltage
| from the previous stage 413 applied to the analeg
input of the converter whose output is then the
analog voltagé scaled by the binary code. The
pannel neeter display value, wvhich 1g the decimal
‘representation of the binary is set by sdjusting

a 10 turn potantiometer t select the appropriate
meter input voltage. 1In this fashion the scaling

of direct and quadrature voltages is controlled by
two knnbsgs one for each channel ag opposed to one for
ench dielt of the scalling factor and the scaling
factor is displayed on the pennel meter. The only
critical specifications are the linearity ani the
gain of the comverter,so the scaltng accuracy 1s

localized to a single componaent.,

The instrument was constrcted using 0,01
percent ratio matching of eritical input snd feed back

22
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resistors vhere possible. The digital to analog

(D/A) converters requires trimming to obtain an
ageuracy of C,1 percent, their linearity was found

to be better than 0.1 pércent by tests on the

final instrument, The total uncertainty 1s estimateqy
to be leas than 0.8 percent of the indicated error

current.
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3. THE.DEVELORED INSIRUMENT
3.1 &Erinciplet

The instrument 18 based on basic omparision
method for C.T. testing. In the Armold method of
C.T. testing we take the standard C.T. current
through another C,T., In-phase and quadrature voltages
are ® produced from this current by the help of
resistance and .mutual inductance. Then addition of
theso voltages 18 given to the common bfaneh and the

balance 18 obtsined (ﬁﬁol in 2.1).

In this instrument these voltages are generated
electronically. As Pig.l10 shows the voltage 18 taken
by inse ting a resistance of 10m 1in standard C,T.
sircult, It is anmplified and then splitted in two
parts one directly goes %0 a varisble gain smplifier
and the other through a ‘900 phase ghifter. Atlast
they are again summed up, the voltage obtzined 1s
| balanced by the voltage in common branch., Thus the
gain of the variable gain amplifiers of inphase
voltage directly megsure of the ratio error and gain
of quadrature voltage is a measure of phase angle error.
Thus the gain chahging elenents of the two amplifiers
can directly be callibrated in terms of ratio and

rhase angle errors,
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The instrument ig s nodification over the direct
reading electronic ratio error set deseribed in
2.3.2. Comparision of Fig;s and Fig, 10 direectly
indientes the modification usede In the previous set
the current from gtandard C.T. s taken through a
transformer but in instrument developed here it has
‘baen taken by inserting s small resistance in the secon-
ﬁa‘iy of standard current transformer, By this
modification we get a simple and 1light instrument.
The problem of 1solation 18 véary easily solved by
having 8 bhuffer stage of very high input impednnce .
The second modification ig that the thase shifter used here
has only one operational amplifier stage instesd of
two., This pl:mse shifter 18 well tested and verified

and gives a good perforzance,

The third modification is that a vol tage to
current converter is not required. It 1s easgy to
construct a voltage to current converter for lower
currents therefore, this modifleation does not mmtter
mich for lover range, But for higher ranges 1i.e.
higher currents the construction of voltages to
current converter reouires an additional power stage
vhereas in the developed instrument no such pover
stage 15 required. and the instrument as such can be

used for higher ranges,
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Farther-more, the instrument developed iz batter than
other slectronic instruments in that they are very

complicated and costly items,

An instrument for P.T.testing can also be developed
with soume modifications in configuration and eallibration.,
For the difference in conflguration g4 can be
referred. The basle difference is that, here we take
the voltage proportional to current in secondary of
standard transformer by inser ting a resistance but for
P.T. Testing the voltage can be taken with the help of
snother potential transformer. Similarly the voltage
propor tional to differential current is obtained by
using a stanlard resistance in comon bmnch here vhereas
this can be obtained in case of ~P._T. directly by having
differential connections of the two P.Ts.

3.2 Hoqgck.Scheuatic

The block diagram in Fig, 11 shows the basie blocks
of the Instrument, The voltage across 10maresistance
18 taken and given to s voltasge follower which acts asg
a buffer and provide & very high input izpedance, Then
it i3 given to an amplifier raving a fixed /mh amplifies
the signel to & suitable voltage level to be processed

further with minimum error. This is splitted into two



parts one is taken directly and eslled inphase
component,. the other 1s given to & 906 mease shifter,

and called quadrature component. Doth the inphase and
quadrature components are again splitted in two parté
each,one through inverters and other directly. The
invérted one 18 for Aegative ratio and phase sngle
errors, Then they are given to an adder through & variable
gain smplifier and one pole two way switch, as shown

in Fig.11le The variable gain amplifiers 'are basically
inverting amplifier modes of operational amplifier acting
as an attenuator. The fsedback resistances of these
anplifiers are varisble and therefore we get varigble

veltages at the output,

These voltages ere added up by an adder and given
%o & detector which is connected to the common branch
re sl stance. In the common branch we have thrae resistanceg
of 0,01, 0,1 and 1 Chaving short circuiting plugs so
thet one of them can be taken in circuit at a time.
The voltage drop accorss this reosistance due to flowing
of differential current is halanced by the output is
balanced by the output of the adder by adjusting the
resistancesg of variabhle gain amplifires. The resi stances

of the amplifiers in the inphase and quadrature circuit
ean he directly callibrated in terms of ratio and phase

angle errors respactively.
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The detector used for this purpose 1S also devaloped.
It 1s basically an anplifier having a tunned freguency
of 60 Hz and a gain of twenty thousand. Although at
the final stnge the voltage has been clamped to 2 volts
only because of a log amplifier atage., Log amplifier
heas been used to give an sutomatic control of sensitivity.
That is more sensitivity atless input voltage and less
sengd tivity et more input voltage. The detsil of
datector sircuit is given in chapter 4.

3.3 Clreult Detatls [19)

The circult Alagram showsn in Fig.12 shows detailed
cireuitary used for the instrument. The stage wise detall

ard design 1s given belows

A resistance of 10 m ohm 15 insoried in the secondary
elrcuit of standard C.T. to have a voltage proportional
to the zecondary current of standard transformer. This
i8 & plece of constanton wire. Ith%im value is chosen
taking thrée factors into consideration. They are,
the burden on standard current transformer, a suitable
valne of woltage and the availablility of the resistance.
The value of 10 m ohm is best suited aécording to these
considerations. The exact value of the resistance 1is
not xmam important as 1ts constancy with temperature

variation ete. 18 requiréﬂ dquring the observation and
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tharefore constanton material is suiteble,

(1) Valtaes Followar. Stages

It 8 basically ii non fnverting mode amplifier having
a unity gain made with the help of operationsl amplifier
(IC 741). It has an input impedence of 14 Ohm so that
né loading and signal drop is there. The circuit is
shown in f‘lg.la (a). '
(11) Fixed.Gsiun.iuplifier

To get a value of voltage which 183 suitable for further
processing such as irversion and phase shifting, we
amplify 1t. This smplifier is basically an inverting -
mode of operationnl amplifier (IC 741) having a gain of
twenty, so that the voltage now becomes 1 volt. Although
it glves inversion but it is rot going to effect because
accordingly the eallibration can be done and positive
and negative error points can be decided in the two way
swltche Fig.83b shows the amplifier circuit used
taking Ry = 20K.0hm.

Gain = BRg
R
<+ Rt = 10 x 20 = 200 K Obms
and Rz = 2004410
= 9.5 K Ohms
#x2 C9.2K Ohms (taking a standard value)
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(141) Inverter

There are two inverters used in the circuit one for
inphase voltage component and other for quadrature voltage
component. Both the invertors are having the same
eircult shown in P1g.13(C). It 18 basically an inverting
mode amplifier of Operational amplifier (IC 741).

Taking Ry a sui table value of 10K Ohms « For unity gain
| Ry = Ry

,.. Re = 10 X Ohms
Raa 10” 10 = 8§ X Ohms.

4,7 K Ohms {talting a standard value)

(iv) Phase.Shifter

The circult used for introducing a phase shift
of 90° is shown in Fig.13#d). I¢ 18 mnde with the help
of an operaiional amwplifier (IC 741). The two equal
resistances Ry are taken of a suitable value of 10K Chms
If the phase shift 18 @ , then

tan (( 8/ ) = 2Aaf Re
f = 60 hz
talzing C s'.ama'
rorOuQOO tan (6 /2 ) = 1

e @ Bﬂ ——— -‘1 . i

. : "6
2xX3.4x80x .2x 10

16 K Ohms
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Therefore a fixed rosistance of 10 K Ohms and a

preset of 10K Ohms 15 taken whieh 1is trdmmed to get
o

exactly 90 phase shift. This can be known with the

help of a C.R.0,
(v) Variable.Oaipn Omolifier

This 1 s bascally an inverting mode _amplit’ier made
with the help of an operational amplifier (IC 741).

Fig.13(€) shows the circult for the amplifier. The gain
of the amplifier will depend upén the range of the

instrune nt,

According to the I.S8.J. standards the limit of errors
for aifferent class C,T.5. are shown in tables belows

Table 1., Linltsg.of Brror.For.dccuracy.Llasses. O.1.t0.1

- ~~“IFercentage current error  IPhase Adisplacement in
Class Jat nercentage of rated {minutes at percentage of
g eurrent ‘ }ra ted current.
10% 20%  100% 120% 10% 20% 100% 120
(1) 12) {(3) (4) (6) (6) (?) (8) (9)
0.1 z 0.256 :0.2 + 0.1 20,1 = »10 *B s b ¢ 8
0.5 4 1.0 40.76 40.5 +0. 5 +€0 +45 430 430

1.0 + 2.0 4 1.5 410 1.0 4120 490 +60 ¢ €0

A R A - -
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TABLE.II. Limits Of Errov vPop lccuracy.Classes 3.%.6

— o ——— 80 Errok Sl o -
] Percent/guzrant At percentage of Rated
Class g Current
1 ‘ 2 3
50% 120%
3 * + 3
6 * s 6

Notet Linmits of phase displacement are not spefified

for classes 3 & 6.

If we consider that there 18 no phase angle error then
for a current of 6A at the maximum error 1.e. 5% will have
currént = 0,25 A. If we consider the maximum resistance in
the common brasnech i.e, 1 0hnis then the valuae of unbalanced
voltege w11l be .25V . But if we mamnkdhr consider other
resistances it can be reduced, Therefore a convenient value
pf gain = 1/100 is teken so fhat }the maximum value of voltage
= 0.1 Ve This suits the resistence recuirement and the value

can cover vhole renge with a proper sccuracy.

For the variable gain amplifier used in quadrature
circuit. If ve ocntidor eqﬁal voltage frbm both sides then
tha phase angle will be 459. For the phase angle error the
order 1s as less as 2°on1y. For the class 3 & class § C.Ts



this is not specified even, Therefore we csn certainly
say that the voltage obtained from quadrature circuit
gshould be much less than the voltage from imphase circuit,
Hence the gain of the amplifier is taken to bde 1/1000,
This suits to resistsnce requirement also,
Therefore, resistances chonsen for the amplifier m%lhan
eirecuit:

.R]_A = 100K

Re = 1K(Cariable).

and for the smplifier in quadratura cirecuit
Ry = 600 K
Re = 500 Ohms

Ten turn pots. have been used as variable resigtances,
The valuesg available were 1K and 6500 Ohns and therefore
they have been taken, According to the above calculation
the fixed resistance in the cuadrsture circuit smplifier
comes out to be 500K but it has been taken as 100 K Ohms to
get satisfactory performance of operational amplifiere In
fact both the fixed resistances are taken ag presets so
that proper esllibration can be done according to the
di git shown by the counter of the ten turn pots,

(vi) adder

T™is 48 an adder circuit vwhich adds the voltages

obtained from quadrature and inphase circuits. Ag this
ous

adds the 1nstan&nq’ values it 1s a vector adder not scaler,

33
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e ecircuit 15 made with the holb of an operational
amplifier (IC741) and shown in Fig.13(f) . All the
resistances are taken ag 10K Ohms & nouvpn&ent value,

I the output is Vo and input voltages are-vy & vg
™Ten Vg = -{vl # Yo )

T™he resistance at non-inverting terminsl of
operational amplifier s taken ss 3.3 K Chus , the
parallel of the three reosiatances of 10!{ Ohns used.

The input resistance oan be changad 1f required
according to the range ani varintion in ragge of both the

orrors.

3.4 Callibratlon.of. the. lostrugens

Tha Calllbration methedg used, require a standard
amatm;v and a Voltmeter having uncertainty of less than
0.1 paercent, Because we did not ugse @& standard realstance
in the socondary of standerd transformer to pick up the
enrrant we require a standard acmoter otheruise vith a
stable power supply appropriate voltage can be taken.

The eirecuit diagraam for the oallibratien of the instrument
13 glven in FMg.13(g). Current in the setondary 'a,f

standard transformer is gdjusted at 6 A, Then the veltage
output 13 adjusted by trimming the presets in the wariable

34
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gain amplifier's with full varlable feedback resistance
in circult,

For the reasons given above we have teken full
gcale output of the inphase component as .1V. As the
smplifier gain is proportional to the feed back resistance
and the pot taken is linenr, This will give putput 0 to
.1V from O to 100% varistion of resistance,

For quodrature componant the F.85.0, 18 tan @
times the F.S.,0. of in phase component where @ 1s the
maximun range of the instrument , Fer the reasons given

o
in design we have taken @ =5 ,

Ag ® tan @ for small angles the ocutput of the
quedrature component will be proportionsl to the phase
d4 splacement,

e o F‘Qr e = 50
‘ﬁn Q= 0B
FeS.0e 0of guadrature component = 8 m v = 4008 volt

FPirstly having aquadrature compenent zero the
eutput of inphase component 18 adjusted to 0.1 veolt
and then having in phase compnent zero sutput of quadrature
k% compenent 18 adjusted, at 8 m.v,
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Full scale output of inphase component is O, 1V

which correspondence te error
e f.Xl. = 2%
00‘25
and the totgl scale is divided into 1000 division therefore
mul. tiplying factor for getting error |
1000
This correspondence t0 common branch resistance

101‘!!!‘1.?&1‘ ¢l Ohm and «01 2hm +this will be 02 &m‘l}z respect

ively,

Similarly full scale output of quadrature
componient s 0,08 v which corresponds to 5 degrees efrar,
and the scale is again divided into 1000 diviston therefore

multiolying factor - _§____
1000

This correspondence to 1 Ohm common branch sesistance for
o
Oel and ,01 Ohm resistances the factor will be .05

o
and .5 regpectively. Here for testing ammeter and

voltmeter of 1% sccuracy hos been taken.

- 3.5 Tesy Results

The instrument has besn callibrated using above

nothed and the results are feund satisfactory.

The Fig.13 h and table 3 shows the linearity

of the outnnt with the roacdinge. Thaearo 4 cama



linearity in instrument due to linarity of variable
resistance etc. The zero shift is due to Offseb of
the'operational spplifier. Therefore the instrumnent
té not s0 accurate in voltage renge, O. to €0 m,ve 23R
i.8, ratio orror renge 'ﬁal 0. to .1.2%.

Table 3 Output Vol tage according to variation in

veriableo resistances in variable gain anplifiers

For.In.plese.corponent. ¢

- — ~Y — - -

Ra-aaipg of ﬂm Pot.l _ g LVolEfge ?tztput L

1000 100 o v,

200 90 m.v.

800 | 80 "

700 70 ®

€00 : - 68 0

600 ' | 48

400 : B "

300 og

200 - 19 "

100 B 9

0 25 "

- "~ o . o e~ T Tobe WmdiinotimaliesBiblins- Yot Sl e G
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Fok. QUArQ LUPe. companent

S e e e e e e e e
. ,Retiing of the Pot 3 . Vil‘fago ontgixt. _

1000 8 m.v.

900 7.2 "

800 6s4

700 o §.6 "

€00 4.8 "

500 4,0 *

400 , 3.36 "

a0 5.6 M

200 | 1.8 *

100 B el "

0 L 0.7

i S L - - L d .

Current transformers x;vera-_ tosted by Armnold sot avallable
lavoratory and tho instruncat deveoloped, The orrors aro found
shown in tablo 4, |

- The orror observed fron instrument in reading ratio orror
i phaso anglé erroy is Vd‘ua to folloviar reasons,

Zero slip & nonlinearity as shown in figure 13 h. This nay
ua t5 nonlinearity of pots & offsot of 1.C.741. |

For fho caliberation of the imsgtrumont metres uscd waro

t standard, The azroton cr"éor 18 nnt so foporitant bocamso porecntero
talten, Tho voltmotre orrar 1o very much inportont, |

The lenst end most inporteat reasen 18 tho nultiplying

etor cnleulated may havo s>rm2 error because firstly tho outmt
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fpen in phoso componoent 18 tokcn 40 bo zcro and thon output of )
qua’roturo component is talton to ba zoro, This can bo nodificd by
tosting no. of C.Ts. having differcnt range of orrors with tho

instrunont ond tho ptandard set, There nay be gome crror duo to 1

stondard roei cgonee used in the comcon branch nleso,

Table - 5 show the error of two C.Ts at difforent V.A.
and differont percentage of current. In the case of first C.I.
we do not get phasc englc error beecause the voltage is balanced
by the gzero input voltage of the instrument in guadraturo cirouit. In
$he pecond caso i6 ap the error ie more we got readings. Therce

fore, there ip oome error involved in reasuring the phasoe angle

error .,
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4. QEIECIOR
4.1. Bripnciple

Jt 1s basicoslly sm & high gain tunned amplifier having
a gain of twenty thousand, tunned for 60 Hg. Although
the output has been clsmped to & value approximately
two volts. Because last stage 15 a log amplifier to
have an automatic controlled sensitivity., The output
of the amplifier can be given to zero centered micro
amphere moter with a suitable resistance in series,
The bisgic idea to provide & high gain 1s to get falrly
good sensitivity which 1s essentisl for the instrument
developed. As &t the lover range of errors the voltages
to be mlénced will be very low and also the accuracy
of whole instrument depends upon the sgensitivity of
the detector so 8 high gain is required.

The detector developed 1s simple in construection
and cheaper in comparision to other detoctors used.

Because 1t 1s nothing but a simple detector (Galvamometer
or Ameter) with higher sensitivity,.

4.2 Blaskaﬁéhamaxta

The block diagram (Fig.14) shows the different
blocks of detector. Firstly & limiting and coupling
cirouits 1s useds This provides the operation of the
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detector within a particular 1limit of voltage.
Therefore, fhe detoctor should Always be usSed vith a
pressing key so that the oi.rcuit connected to the
deteator does not get loadad of the voltage is beyond
8 particular velue which is the forward blass voltage
of a germanium diode, that is 0,2 volts, The mext
gtage 1S a preamplifier to provide a high input
smpedence. AS the detactor is having differentisl
input of the preamplifier stage should also be a
aifferentis) stage. After this a differential
amplifier is used to get an amplification of the input,
The next stage 18 a turned amplifier which is tunned
to a frequency of 60 Hy, Then there is a rectifiler

to get direct voltage suiteble for log amplifier., After
that we have a lomg amplifior and then the nmeter,

Méter used is a center zero microampere meter with a

sultable resistance in series,

4.3 Circuls Detatls 113)

The circult diagram (Fig.16) chows the full
circultary used to make the electronic detector. The
detall and block wise circult description and design
i1s given belowt

(1) Limiting apd Gounling Gircuit:

This is mAde of two germaniun diodes (SR204) in

parallel acrcss the input, thus gliving the maximum voltage
0.2 volt only. The two input are given through O, 1}F
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ecapagitors , which act ag coupling eircuit, This is
uged % blockany d.c. component , if proscnt in Wo

inpu Lo
(41) Bre=0ppliLineg

This 4s o differential preamplifier circuit mado
by two opcrational amplifiers (IC 741) both as voltago
follovers. For oach inputl separate volinge followdy
cirecuit is used asg shown in the Pig.16 (a). On> megn Ohms
rosistunco 18 connected to noninverting terminal gmaaikian,
which 1s the usunl practice, ‘

(241) Diffarontiol Ampllifiay

"ﬁ:e differential output of preamplifior is given to
a differential input single ended output amplifier. The
eircuit of which is shown in Fig, 16(b). The conditions for
proper amplifiention and a defined goin are Ry chould bo
oqual %o Ro and Rz should bs oqual %o R4, Thon the gein

conas out ¢o bo
L3.. = Ba_
Ry R,
The pein of 20000 hag been advided in three stages,
For differontial amplifior 100,then for tunncd amplifier 10 ,

and for rectificd 20, Thus ¢the galin of differential

anplifior is 100, Therofore, registancog are choscn as
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Ry = Rp = 1 K Chms
Rs 3R4 = 100 K Ohus

(1v) Tuoned. dmplifior

Before tunned amplifier for a.c. coupiing 1.0 %o
f4lter the d.c. compohent a capscitance is used. Values .
of the capacitance can be calculpted 5y

= R

1

2 fe
where R;is the input resistance of next stage and C is
the capacitor. The next stage has R;= 10K Chms

2afe
C = 1. - —

10000 x 2 xf
£ = 60 Hz -

. -G -e
s o C = ‘ lounu x 0 ' = +3x 10
1A
= «3MF

This value corresnondence to 3 4B loss . For less loss
of singal capacitance value should be MR A convenient
value of Q31 UF has been taken, |

The circult of tunned amplifier i8 shown in Fig.16(c).
™Tis 1s made with the help of an operational amplifier (IC741)
in inverting amplifier mode., With a twin T tunned at S50Hz
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in feoed backe. This twin T provides i.riﬂ.ni.ta inmpesdence
at 50 Hz and therefore the parallel resistance Rf only
comes into picturs. But for other freguencies this
provides a very low impedence therefore, xthe amplifier
gives lov gein at frequencios other than §0 Hz, Ehe
tunning frequency of twih T 48 glven by

2C, R

Provided Cg = 2C4
vy

taking C, & a convesient value 0.1 MF
C3 = +2MF
And for 50 Hz,

6§06 = .1
2x.1X% 10-06 x R4
R4 = ] - ,.
106 x ,1 x 10~©
= 100 K

R6e = 100 = 60 E Ohnms
2
& 47 K (taking e standard value)

Gain of amplifier at 60 HZ = Rg._ =« 10

1

taking Ry = 10K
R = 10 x 10K = 100 X

Resl stance at non inventing terminal tn compensate
the dhias current can be calculated

n8 Ra = ]ﬂ__l* 100
| = 9.2 K
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(v) Rec tifior

The rectifior elreult nueed 18 not only a rcotifior
but 1t is a reetifior with gai}ﬂ ond ealled a procision
roctifier. Tho full vavo rectification by this eircult is
dona vi th the holp of a eireuit shown in Mg.16(a) uding
tvo operational caplifiers (19‘?61). Tho 4nput 1s given ¥ a
half vave rcctificr using Glodos in feed dac: eireuit of mn
invorting nodo mplifier as snown in Fig,16(d). The ceme
input and tho cutput of holf wave rectificr are odded with tho
"help of a1 edder made by an op-rational caplifbher(IC 721,
The basie principle of the elrcuit is first tho half
vavo rectification 1s dono & then £t A5 ndded to the
original wavo. Becauso ﬁholﬁalf wavo reetifier is a
invorting node amplifier it glves negativeo half eyeles in
.place of pogitive half eyveles, then this 1o edded to the'
oricinal vave 1t will give only nezativo ¢yeles, But
if the gain with which tho reetificd vove 15 added is
doublo then that of original it w1l give o full vave
recetified vove form, Therefore tho resisionce ulth
reetificd veve should be double thes thot vith ordginal
veve & (ho overall galn 1s deelded by rn‘é}:% of feerd bock

rosi stance & tho restiatonce with oripinol vavo,

Thas ¢he rosistencos uscd in tho eireuit aro

chosen ag



4, tadlng a standard value)

For tne addert
Ry, = 10K
$
Ry = Ryaf2
= 5K

4.7 (takding a standard valus)

The galn of adder =

= 3,3

Tho value of feed bhack resistance 0K
can be obtained by taking tvo resicestances of
100 K in series. Bacanse 4f we tate,
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a nearest standard value, thereéwill be orror in the

gain which 18 not desirable. Matched resistances should
be used in this circuit to get an exact waveshape i.e.

Ry1 should be exactly equal to Ryp , Rrl and Rey® éhould
be @ equal.

At the output of rectifier a capaciter in parallel
has been used to get a smooth direct voltage, For the
value of cepacitence the time constant,

Ri! ¢ > ‘—15—;-;“
where R 1 is input impedence of next stage which is a log
amplifier and = 3.3K |

3.3 x Cx100Q 5 o leueee
2x 8 x 3.14

C > Ao
2 x 80 x 10° x 3.14 x 3.3
| -6
.33 x 3.14

. , PR YL
e o C =86 ALF (taking a suiteble value)

(vi) Log amplifiers The Fig.16 (e) showm the circuit
used for log smplifier. Output of the amplifier stage
ep can be given by

¢y = -~ (-Log I, + log o3 ) K
?;“ﬁ
wvhere mxan Iz ey 1in put voltage

I, w==xtwakonward current of the Aiode
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and X 4s a constant

o o @ s’(K'*bﬂ‘l)

o

Thus £t gives a log amplification. That is this prowides
less gain at high input and high gain at lower inputs.
Thus this current provides an automatic control of sensitivity
vhich we generally do with the help of a vakable
registance in series of meter by varying the resistance from

maximam to minimun,

The bzsle requirement for this circuit to vork as
a log amrlifier i3 that the diode should be in the region
of partisl conduction, Because after full conduction it
glves a constant voltage across it, Therefcra, Ry is
calculated as
Ry > Waxlmup.uoliago.st.ihe input
mninum ecurrent for full conduction of the dlode,
The mexinum voltage will be depend upon the supply voltage.
A3 we have used batteries of ¢ 12 volts the maximum d.c.
voltage will be 12 volts,

The diode taken is 1IN 66 wvhich hag minimum forwsra

curroent = SaA

o« R >_:3._ﬂ 2.43
&

R =» 3.31(

/126907
CEATRAL LIRRATY DRYERCHYY LN (T

LY



The dlodes used are 1N €6 which gives a forward
voltage of 1 volt. ‘I‘herefore maximum output will be

2 volts, Because two dlodes are used oy series,

The center Zero microampare meter used has

maximum scele deflection of 100MA & therefore

resi stance used in series with the meter
R =2 Qe
, 100 3JL1A ,
=2x10% =20K oms
100

Test Resultst The detector has been tested with a function
generator with an alternator, Because by attermuator we can easily
get & measure also the voltage for input of the order of 0.lmv,
The resistance for attéustor has been taken as 100 & a variable
resistance of 1 to 10 , Low resistances have been takeh to
minimize the noise, And for yhgmgmsama reason shielded wire has
been used to give input, lThe reéult has been found satisfactory &

given in gables 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 0.04
10 3.0 Oom
15 5,2 0.37
0 6.0 0,45
40 10.5 0.6
100 10.6 0.6
200 10.8 0.6
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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 0.8
1000 0.5
2000 046

The f1g.16% shows the variation output before log stage
vith respect to input, the gain comes out to be approximately
fifteen thousand., ‘

Fig.16h shows the vari étion of optiput af ter log stage.
It 4is clear that more gain is obtained at lower values,

M g,161 shows the output vs varylng freduency input
We see that at 45Hz we gei: the maximum output, This i5 becanse
of some error in resistances & capaciténces. This can be made
tunned to 50Hz having a preset instead of fix resistances, But
this gives falrly high output at 50Hz also therefore it is not
going to effect the detettor performance,

The output at zero input does not come exactly zero because

of offset of rectifier & log stage smplifier I.Cs,



5. PROPOSER AUTOMAZIC. INGTRUMENT
6.1, Princinle

In the instrument developed one hag to adjust the
two varisble resistances to get the balance and then
the resding obtained on the resistances will give
the ratio and phase angle arror, But for a direct
indicatlion of error we can have following scheme, In
2,3.2 & 8elf balancing scheme is discussed but that
scheme is very complicated wheress the scheme proposed
here 18 a simple and equplly accurate scheme, The basic
principle remaining the same as 2.3.2, Equation no.{10),
(11), (13) & (14) from 2.3.2 are |

avO(\—.,g *‘ Cos £, 100 in percent eessenasll)

8

PV ol .nt"* Siﬂo{ - -.......-(2)
Us

€ e DL‘%‘“" Cos o, 100 inpercent Q.Q..OO(Q)
8

fe oufg... Sinot cesseves (4)

1f we multiply two sinusoidal signals gay
Astnwt & BSin (wt o)

Then output Vo = A sin Wt.B sin (Wt. » o )
xk AB ( Cos (2ut « A) < Cos )



and now with the help of a filter we filter out a.c.
component ani take only A.c. component then the output

thanwill be given by &
d.c. component X% A.B Cos essseelB)

Yow from equation (1)
Eu D(lm. Cos oA
lus)

Usl. |Us|

o@umma.l. Cos
[ua?

x%-ﬂamx t‘{og

d.ce component of multiplication of Us & Ux
O< -~ mm e S L g - (B R B X N ] (6)
. _ \Usl 2 -

, (fmm equation No.5) .

It we take A sin (wt. + 90 ) and B.Sin (Wte oc)
then the d.c. component will be given by l

deCoe cOmponenteki' AB 81!!0(- - o ooo.i';('?)
Mow from equation (2) similarly we can obtain that
| dsce component of miltiplication of Us with

P o/ulth a_hase shife of 80° nng Ug. —
Uﬂg | .....u(a)‘

8imilarly for C.T. ratio and phase angle errors can be
written as

€o dece component of miltiplication of

OL Ig & Ix (9)
S !Idén-mm se0s s

0 R AL I LT T 8.

— - [PARN

94
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¢ 4.0, component of militiplication of 1Ig4 with‘
o
a phse ghift of 90 and Ix

PC — e R R ) - see 00(10)

lTs) ®

ﬁquatlons (6), (8), (9) and (10) can very easily be
r-saliz“.

6.2. &Ggcheue

A scheme for realizing above equations xxme is given below

Here the block diagram for reslizing the equations for Q.%.
testing only 48 given in Fig. 17 beecause the only aifference
18 that in the case of C.T. w0 take voltages by insgerting
resistances in the circuit vhereas in the cage of PeTe
voltngs‘s can be taken d;.rectly. For the Gxaut connection

Fig.4 can be refeorred,

Fige17 shows the basic bloek diagram of the circult,

The bvesic principle 18 seme as comparision method. The
voltage taken from sacondary of standard currant transformer
and the common b¥anch 18 given to & four quodrant multiplier
The voltage from secondary of standard current transformer Ug
is directly given to multiplier for ratio error and through
90° pha se shifter for pha se ‘angle errors This can be selected
by & one pols two smy switch, Out put of aultiplier goes to
a low pass filter which gives d.c.outout, This direct
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square of :
voltage and/rectified Us 1sgiven to 8 dbvider,output,

of which is glven to a meter vwhich can be callibrated in

terms of ratio and phase angle errors,

Nne four guad¥ant multiplier one d.c. multiplier
and one 4.c. divider are the main components required for
this scheme. All types of multipliers and divideers required
are avallable in integrated circuit chips, To meke a divider
a maltiplier Acan % also be used in feed back of en amplbfier,

The meter used should be centre zero 80 that it
ean glve positive and negative both type of errors. The
moter can be eallibrated separﬁtely for ratio error and
phase angle errors., xm This may have?scale for potentisl
transformer effors if the instrument 1a designed in such a
way that 1t cen be used for P.T. testing algso, 4An A/D
converter with a digital displey can be used for display of
ratio error and phase angle errors. One advantage of this
instrument 18 that having digital output, the human invelment
may be reduced and the data can directly be used in

computors for x data processing.
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6. CONCLUGION
6.1, Copolusion.draun.frow. the. work.done

Although the instrument developed is net so accurate
1ts shows fh» an sccurate pattern and therefore it is
sure that an instrument with enough acouracy can be
developed with the same schems using better components
and better callibration method. The test result and
performangﬁ of the developed inst¢ruments is given}zhird

chapter,

The main problen with I.C.741 i3 its offset,
. In the case of detector it becomes predominant becanuse
the gain 1g very high and the output 18 algo d.c. It
1s mot at all desired for the detector because it is

used for null detection. The test result and performance
of the detector is given in fourth chapter,

€.2 2Agplicalticn.of. lnsirument.. ..

The instrument has application in both the ends
that 1s at manufacturers end and consumer end. As the
procedure is @asy to get error this can be used By
manufacturers 67 C.T.§. to got errors easily and in
less time.s It can be used by consumers £iso whe
whe require ne.of C.T.8. fLor thelr work. It is a

chdber device 5o the consumer can very ®asily afford
to have 1t.



Accuracy can be increased by having better components
and better callibration methods, @6 1t can be used in

laboratorics alsc,

Wwith some modification in configuration this can be
usad for potentianl transformers testing also. The modifi-
cation needed 135 given in the report.

The detactor developud can be use d for other
null balance applications like bridpe balance etecs It

can be mede tunned to other freauencies by having other

tonned twinTeircult and a selector swiich.

€,23 Suggestiona.for Further work.

Iy

For range seleution the fixed registance used in the

variagble gein amplifier can also be taken of 'ﬂ'u'ee valuag
according to the registance inserted in coumon branch .
Thes will glive equal accuracy linearity ond sensitivity
for each resistance, One selector switch can be had for

gaelection rangp.

The resistance used ir co-mow:braneh can bde

replaced by having an operational amplifier and a resigtance

of more value in feod back as Aiscngzed in 2,3.3. This
will reduce the burden on the C.Ts

Better components like I.Cs with no offget
error can be used arki accuracy can be increased in the

case of instrument and detector both, For the detector



it 48 very much important as it is for null detection and
output is d.c. with the detector we can have dhe
tuned twin Ts and having a selectar switch 1t can be

made turmad for different frecuencies.

For use for P.T testing different configuration
given in Fig.4 can be used. The voltage output ferom
the configuration can be calculated and accordingly the
'edmponents »‘nka PsT. in the configuration can be designed to
ssult the instrument, The multiplying factor ean also be
changed accordinglye

The proposed scheme in Chapter 5 can be constructed
and cellibratedd to have an autonatic instrument for

instrunent transformer testing.
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