



                   UNIT IV




ELECTRICAL MEASUREMENTS

4.1.Definition of Instrument Transformer

Instrument transformers means current transformer and voltage transformer are used in electrical power system for stepping down currents and voltages of the system for metering and protection purpose. Actually relays and meters used for protection and metering, are not designed for high currents and voltages.
High currents or voltages of electrical power system can not be directly fed to relays and meters. CT steps down rated system current to 1 Amp or 5 Amp similarly voltage transformer steps down system voltages to 110 V. The relays and meters are generally designed for 1 Amp, 5 Amp and 110 V.
4.2.Current Transformer

[image: image1.png]The large alternating currents which can not be sensed or passed through normal
ammeters and current coils of wattmeters, energymeters can easily be measured by
use of current transformers along with normal low range instruments.

A transformer is a device which consists of two windings called primary and
secondary. It transfers energy from one side to another with suitable change in the
level of current or voltage. A current transformer basically has a primary coil of one
or more tums of heavy cross-sectional area. In some, the bar carrying high current
may act as a primary. This is connected in series with the line carrying high current.

The secondary of the transformer is
made up of a large number of turns of
fine wire having small cross-sectional
area. This is usually rated for 5 A. This
is connected to the cail of normal range
ammeter. Symbolic representation of a
rent transformer is as shown in the

a

Fig

Fig.1Current transformer




4.2.1Working  Principle
[image: image2.png]These transformers are basically step up transformers ie. stepping up a voltage
from primary to secondary. Thus the current reduces from primary to secondary. So
from current point of view, these are step down transformers, stepping down the
current value considerably from primary to secondary.

Let Ni

Number of turns of primary

Nz = Number of turns of secondary
I = Primary current
I

Secondary current

For a transformer,

Lo N:
L TN

As Ny is very high compared to Ny, the ratio Ii to I is also very high for current
transformers. Such a current ratio is indicated for representing the range of current
transformer. For example, consider a 500 : 5 range then it indicates that C.T. Steps
down the current from primaty to secondary by a ratio 500 to 5.

Lo_ 500

12 2

Knowing this current ratio and the meter reading on the secondary, the actual
high line current flowing through the primary can be obtained.




4.3Potential Transformer:

[image: image3.png]The basic principle of these
transformers  is same as  current
transformers. The high alternating voltage
are reduced in a fixed proportion for the
measurement purpose with the help of
potential transformers. The construction
‘Secondary of PT. of these transformers is similar to the

Primary ol PT. normal transformer. These are extremely

Fig. 2 Potential transformer accurate ratio step down transformers.

The windings are low power rating

windings. Primary winding consists of large number of turns while secondary has less

number of tumns and usually rated for 110 V, irrespective of the primary voltage

rating. The primary is connected across the high voltage line while secondary is

connected to the low range voltmeter coil. One end of the secondary is always
grounded for safety purpose. The connections are shown in the Fig.

As a normal transformer, ts ratio can be specified as,
YN
Vi N2
S0 if voltage ratio of P.T. is known and the voltmeter reading is known then the
high voltage to be measured, can be determined.





4.4.Comparision of  C.T and P.T:

[image: image4.png]Needs only one bushing as the two ends
of primary winding are brought out through
the same insulator, Hence there is saving
in cost.

sr. Current Transformer Potential Transformer
No.
1| itcan be reated as series transtormer I can be treated as parallel ransformer under
under virtual short circuit conditions. open circuit secondary.
2 Secondary must be always shorted. Secondary is nearty under open circuit
conditions.
3. | A smail votage exists across i lerminals | Ful ine voltage appears across its torminals.
as connected in seres - o
4. | _The winding carries full line current The winding Is impressed with full fine voltage.
5. | The primary current and excation varies | The line vollage is almost constant hence
over a wide range. exciling current and flux density varies over a
iimited range.
8. | The primary current is independent of the | The primary current depends on the secondary
secondary circuit conditions. Gircuit conditions.
7

Two bushings are required when neither side of
the ine is at ground potential.





4.5.Ratios of Instrument Transformers:

[image: image5.png]The various ratios defined for the instrument transformers are,

1. Actual ratio [R]

The actual transformation ratio js defined. as the ratio of the magnitude of actual
primary phasor to the corresponding magnitude of actual secondary phasor.

Magnitude of actual primary current

= Magnitude of actual secondary current - For €T
Magnitude of actual primary voltag

Maguitude of actual secondary voltage - For P.T,

The actual ratio is also called transformation ratio.

2. Nominal ratio [ K ]

The nominal ratio is defined as the ratio of rated primary quantity to the rated
secondary quantity, cither current or voltage.




[image: image6.png]K, - _Rated primary current
" Rated secondary current .. For CT.
_ _Rated primary voltage
"~ Rated secondary voltage - For P.T,
3. Tums ratio [n]
n = Number of turns of secondary winding y
~ “Number of turns of primary winding - For CT.
_Number of tums of primary winding
"~ Number of turns of secondary wi - For P.T,

Ratio Correction Factor (RCF)

It is the ratio of transformation i.e. actual ratio to the nominal ratio.

ie.

RCF x Ky

The ratio which is indicated on the name plate of a transformer is always its
nominal ratio.




[image: image7.png]Burden of an Instrument Transformer

The nominal ratio of an instrument transformer, does not remain constant in
practice as the load on the secondary changes. It changes because of effect of
secondary current, power factor and magnetising as well as core loss components of
current and this causes errors in the measurements. For the particular class of
transformers the specific loading at rated secondary winding voltage is specified such
that the errors do not exceed the limits. Such a permissible load is called burden of an
instrument transformer.

Thus the permissible load across the secondary winding expressed in volt-amperes
at the rated secondary winding voltage or current, such that errors do not exceed the
limits is called burden of an instrument transformer.

(Secondary winding induced voltage)
Total impedance of secondary circuit
including load and winding

Total secondary winding burden =

_ (Secondary w‘mding]x [Total impedance of secondary dmm]

" current including load and winding





[image: image8.png]If only the impedance of the load is considered then burden due to only load can
be obtained.

(Secondary winding induced voltage
Impedance of the load on secondary

Secondary winding burden due to load =

_ (Secondary winding
current

2
J x [Impedance of the load on secondary ]





4.6.Theory of Current Transformer:

[image: image9.png]Consider the equivalent circuit of a current transformer as shown in the Fig.
along with the load.

Fig. 3 Equivalent circuit of current transformer

The various symbols are,
Secondary turns _ N,
“Primary tums Ny

n = Tums ratio =

5 = Resistance of primary winding

X = Reactance of primary winding

r = Resigtance of secondary winding

X = Reactance of secondary winding

fe = Resistance of external burden i.e. load on secondary
e = Reactance of external burden . load on secondary
E, = Primary induced voltage

E. = Secondary induced voltage

Secondary terminal voltage

=
W




[image: image10.png]I
To

Primary current
Secondary current

No load current or exciting current
Core loss component of Iy i.e. Iy coséo




[image: image11.png]Im = Magnetising component of [ i.e. Iy singo
& = Working flux of transformer
5 = Angle between E, and I,
= Phase angle of total impedance of secondary including burden

= tan-tfXeEXe
CEI

0 = Phase angle of transformer
A = Phase angle of load or burden ie. re +jxe

Y

re

a = Angle between Iy and working flux ¢.

Derivation of Actual Ratio

Consider the phasor diagram of the transformer with a lagging p.f. load, as shown
in the Fig.
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Fig.4. Phasor diagram of current transformer

[image: image13.png]Consider £ bac as shown in the small section which is,

Zbac = 9°-5-a, ac=lp, Oa=nl, Oc=I,
be = acsin (90°-8 —a) =1p sin [90°~(5 + )] =1 cos (3 +a)
ab = ac cos (90°-3 - ) =y cos[90°~(a +8)]=1g sin(5 +o)

From right angle triangle Obc,
(09 = (Ob)* +(bc)* =(Oa +ab)* +(bc)*

[n1, +1psin( +a)] +[lo cos(d +a)f

[

n? 12 +2n1, Igsin(8 +a) +13 sin? (5 +) +13 cos? (8 +a)

ie [ i, T sin(@ +a)+13 ()
. I, )
Actual ratio = R == .. As per definition

R @

Practically for properly designed transformer Ig<< nl.,
JnZ 124201, Iy sin(5 +a) +13 sin? (6 +a)
= I

R





[image: image14.png].. Adjusting 13 as I3 sin? 6 +a)
nl, +1o sin(® +a)

R = —_= l © sin (3 +a) - (3)
< .

This is approximate value of actual ratio but practically very close to actual result,
The equation (3) can be further expanded as,

R = n+[[sindcosa + cosdsina ]

But lpcosa'=In and o sina =1c

R = n+® ging e coss
T, i,

R - ol sing sl cosd L

Note that 3 is positive for lagging p.f. load while negative for leading p.f. load.




[image: image15.png]Derivation of Phase Angle () of Transformer

The phase angle 0 is defined as the angle between reversed secondary current
phasor i.e. reflected secondary current phasor and the primary current.

Sign convention : 0 is positive if reflected secondary current leads primary
current.  is negative if secondary current lags primary current.

8 = nl, AL
From the phasor diagram,

wno = be__be lo cos(d +a)

Ob " OGavab nl,+losin(3+a)
Now tan=0 as 0 is very small.

Iy cos(3 +a)
T +1, sin(® +a)

radians w (5)

But << nl, hence neglecting from denominator,

o o locos@+a) _lofcosd cosa ~sin sina ]
- nl B nlg
9 = Imcosd-lesing g0 (6
nl,

Converting to degrees,

180° [T 3 -1, 3]
= [' mnl;de degrees )





[image: image16.png]Errors in Current Transformer

For an instrument transformers, it is necessary that the transformation ratio must
be exactly equal to turns ratio and phase of the secondary terms (voltage and current)
must be displaced by exactly 180° from that of the primary terms (voltage and
current). Two types of errors affect these characteristics of an instrument transformer
which are,

1. Ratio error
2, Phase angle errar

Ratio Error
In practice it is said that current transformation ratio 2 /I is equal to the turns
ratio N / N;. But actually it is not so. The current ratio is not equal to turns ratio
because of magnetizing and core loss components of the exciting current. It also gets
affected due to the secondary current and its power factor. The load current is not a




[image: image17.png]constant fraction of the primary current. Similarly in case of potential transformers, tite
voltage ratio Vy /V, is also not exactly equal to N; /N, due to the factors’
mentioned above. Thus the transformation ratio is not constant but depends on the
load current, power factor of load and exciting current of the transformer. Due to this
fact, large error is introduced in the measurements done by the instrument
transformers. Such an error is called ratio error.

The ratio error is defined as,

% Ratio error = Mominal ratio - actual ratio oo
actual ratio

% Ratio error =

%100 - (8)

Phase Angle Error

In the power measurements, it is must that the phase of secondary current is to be
displaced by exactly 180° from that of primary current for C.T. While the phase of
secondary voltage is to be displaced by exactly 180° from that of primary voltage, for
P.T. but actually it is not so. The error introduced due to this fact is called phase
angle error. It denoted by angle 8 by which the phase difference between primary and
secondary is different from 180"

The phase angle error is given by,

o = 180[ln cosd -1 sin
3 nl,

] degrees 9





4.7. Theory of Potential Transformers:
[image: image18.png]The loading of potential transformer is very small in practice hence exciting
surrent Iy is of the order of I, ie. secondary winding current. While in a normal
sower transformer 1 is very small compared to I,

The equivalent circuit of potential transformer is shown in the Fig.

Fig. 5 Equivalent circult of potential transformer
The various symbols are,
¢ = Working flux
N, = Primary tums
N, = Secondary tums
Iy = Primary current
I, = Secondary current




[image: image19.png]Ly Xy

oo Xp

Te, Xe

Eq

Magnetising component of I

Core less component of Iy

No load current i.e. exciting current

Resistance and reactance of secondary winding
Resistance and reactance of primary winding
Resistance and reactance of burden

Primary induced voltage

Secondary induced voltage

Phase angle of secondary load current = tan 1 X¢

re
Primary applied voltage
Secondary terminal voltage

For P.T.

The phasor diagram is shown in the Fig.




[image: image20.png]Fig. 6 Phasor diagram of a potential transformer




[image: image21.png]Derivation of Actual Ratio
Consider the phasor diagram with all the quantities referred to the primary side.
In the phasor diagram,





[image: image22.png]L
T Og=nV, Ob=V,

0 = Phase angle of transformer = VA V, reversed
A= Ph.sseangleofsem\daryload-nv."l;'

B = Phase angle between I, and V, reversed
Oa is nV, extended and ba is perpendicular drawn from b on n V, extended.
Oa = Ob cos 0=V, cosd )

Oe= 1l Oc=1l, Of=

Now Oa is made up of various components.
Oa=nV,+nl, 1, cosA+nl, x, sind +Ip 1 cosP+1, xp sinf )
Equating (1) and (2)

Vpcos = nV, +nl(r, cosd +x, sind) +1, (rp c0sp+x, sinp) ... (3)




[image: image23.png]For potential transformer the load is nothing but a voltmeter hence 8 is very small

hence both V,, as well as n V, can be assumed to be perpendicular to ¢.
Thus approximately, ZOcd =P and Zecd =4

o = Ivmsp=<hohd=l;‘:vsAol.
and IpsinB = In +12sina

As 8 is very very small, cos6 ~1
Vpcosh = V,
Using in (3), all the results of (4), (5) and (6)

Vp = nV,nl(n cosh+x, sinA)+rp|:IF‘ cosA+l.-]+xp[lm o%‘sinA]

5 X
= nV,+l.cosA(nr, +—")+l. sinA(nx,+—P]ol<r,,~lm Xp
n n

L [
Vp = Vot 2 cosA(n? oaty) 4.5 sind (n? xe+xp) ety + I Xp

Now n?r 41, = Ry = equivalent resistance referred to primary

n2x, +X, = Xie = equivalent reactance referred to primary

VI‘

Vo4 2[R 08B+ Xie sinA]+lc p +lm Xy

)

(B

. (6)

(D)

)




[image: image24.png]Thus the actual ratio is,
.

l;*[R,., 05 +Xie SinAT+Ie 1+l Xp

V. -0

The result also can be derived interms of parameters referred to secondary. The
equation of V,, can be written as,

2 5 X

Vp=nves oy, msA(r, .“_';]. = sinA(x, 5 ]uf tp+lm Xp
I’

But r, »;Ilz = Ra. = equivalent resistance referred to secondary

Xp ]
Xs+ 2% = Xa = equivalent reactance referred to secondary

Vp = nV,+nl[Ra cosA+Xa sinA]+ ke rp 1o Xy .. (10)





[image: image25.png]nl, [Rac cosd +Xae sinA]+1c 1y +1m X,
+2Is [Rar cond = J+lerp v

(1)

Derivation of Phase Angle 0

From the phasor diagram shown in the Fig. 211.
tang 2 30 1o Xp cosB-ly pysinpenl, x, cosa -1, 1, sina
N = 0a TRV, anl, r. cosA4n, x, SinA +1; p cosp +1, xp SN
In the expression of O, the terms other than nV, are very small and can be
neglected. L





[image: image26.png]Similarly as 0 i€ very small, tan® = 0.
1, Xp cs I, 1, sinp +nl, x, cosA ~nl, 1, sind
¥ nv,

* [‘; cosAH‘]frp[l..‘ ok sanA]ml, X, cosA —nl, 1, sina

nVv,

X T
I, cosA[—"mx,] I, sinA[—'»nr.}H( Xp ~lm Tp
n n

nV,

I; cosa Iy sinA

5402 x,)

+n25) e Xp ~lm Ty

- o n
nv,
Now 1 +n? 1, = Rie and x, +n? x, =Xie
L cost Xie 22 sina Ric +1exp I 1
o= A
! .
= (Xie 0SA ~ Ry sinA)+1c x
o - (% 1 ) p L2
A
Interms of quantities referred to secondary,
_ Rie _Xie
Ree = [ and Xpe=2k
o o Mhs(Xa cosA~Rae sind) +1e x
DA
I o Lexplm
0 =g (Xa cmA—R-_-,xlnA)+—':‘v—.l’ radians | ... (13)





[image: image27.png]It can be noted that the phase angle © is treated positive when V, reversed ie.
n'V, leads the primary winding voltage V,. The 0 is treated negative when nV, lags
the primary winding voltage V.

Once R and 0 are obtained then the errors in potential transformers are,

% ratio error

and | Phase angle error = 0 radians




 
[image: image28.png]Advantages and Disadvantages of Instrument Transformers

The advantages of instrument transformers can be listed as,
1. The normal range voltmeter and ammeter can be used along with these
transformers to measure high voltage and currents.

2. The rating of low range meter can be fixed irrespective of the value of high -
voltage or current to be measured.

3. These transformers isolate the measurement from high voltage and current
circuits. This ensures safety of the operator and makes the handling of the
equipments very easy and safe.

4. These can be used for operating many types of protecting devices such as
relays or pilot lights.

5. Several instruments can be fed economically by single transformer.
Disadvantage :

The only disadvantage of these instrument transformers is that they can be used
only for a.c. circuits and not for d.c. circuits.




Power Factor Meters:

[image: image29.png]The power in single phase a.c. circuit is given by
P = Vicos$
where cos¢ = Power factor of the circuit

Thus by using precise voltmeter, ammeter and wattmeter in the circuit, the
readings of V, I and P can be obtained. Then power factor can be calculated as,

cosé =

But this method is not accurate. The errors in all the meters together cause the
error in power factor calculation. Similarly the method is not suitable for the circuits
whose power factor is varying according to circuit and load conditions. Hence it is
necessary to have a meter which can directly indicate the power factor of the circuit.
Such a meter which indicates the instantaneous power factor of the circuit is called
power factor meter.





[image: image30.png]Basic construction of power factor meter is similar to a wattmeter. It has two
circuits, current circuit and a voltage circuit. The current circuit carries current or
fraction of current in the circuit whose power factor is to be measured. The voltage
coil is split into two parallel paths, one inductive and one non-inductive. The currents
in the two paths are proportional to the voltage of the circuit. Thus the deflection
depends upon the phase difference between the main current through current circuit

and the currents in the two branches of the voltage circuit ie. power factor of the
circuit.

There are two types of power factor meters,
1) Electrodynamometer type 2) Moving iron type
Let us discuss, these types of power factor meters.




Single Phase Electrodynamometer type power factor meter:

[image: image31.png]The construction of electrodynamometer type power factor meter is similar to the
construction of electrodynamometer type wattmeter. The basic construction of
electrodynamometer type power factor meter is shown in the Fig. 214 (a).

g " tens

Fig. 8 Single phase electrodynamometer type power factor meter

The - are the two fixed coils which are connected in series. The AB are the
two moving coils which are rigidly connected to each other so that their axes are at
90° to each other. The moving coils A-B move together and carry the pointer which
indicates the power factor of the circuit.




[image: image32.png]The fixed coils F-F; carry the main current in the circuit. If the current is large,
the fraction of the current is passed through the fixed coils. Thus the magnetic field
produced by the fixed coils is proportional to the main current.

The moving coils A-B are identical. These are connected in parallel across the
supply voltage and hence called pressure coils or voltage coils. The currents through
coils A and B are proportional to the supply voltage. The coil A has non-inductive
resistance R in series with it while the coil B has an inductance L in series with it. The
values of R and L are so adjusted that the coils A and B carry equal currents at
normal frequency. So at normal frequency R = L. The current through coil A is in
phase with the supply voltage while the current through coil B lags the supply
voltage by nearly 90° due to highly inductive nature of the circuit. Due to L, current
through coil B is frequency dependent while current through coil A is frequency
independent.

The currents in the coils A and B are equal and produce the magnetic fields of
equal strength, which have phase difference of 90° between them. The coils are also
mutually perpendicular to each other.

The controlling torque is absent. The contacts to the moving coils are made with
the help of extremely fine ligaments which give no controlling effect on the moving
system.




[image: image33.png]Working of Meter
Consider the position of the moving system as shown in the Fig. 2.14 (b).
Assume that the current through coil B lags the voltage exactly by 90°.

Also assume that the field produced by the fixed coils is uniform and in the
direction X-X as shown in the Fig. 2.14 (b) -





[image: image34.png]Due to interaction of the fields produced by the currents through various coils,
both the coils A and B experience a torque. The windings are arranged in such a
manner that the torques experienced by coil A and B are opposite to each other.
Hence the pointer attains an equilibrium position when these two torques are equal.

The torque on each coil, for a given coil current will be maximum when the coil is
parallel to the field produced by F; - F; i.e. direction X-X.

Let ]
]

Power factor angle

Angle of deflection

The 0 is measured from the vertical axis, in the equilibrium position.

Similar to a dynamometer type wattmeter, torque on coil A is given by,
Ta

where K

K VI cos ¢ cos (90°-0) ()

Constant

The equation is similar to the torque equation of a dynamometer type instrument.
The current through coil A is in phase with system voltage V and it moves in a
magnetic field which is proportional to system current I and dM/d® which is
generally constant for radial field is not constant for parallel field and is proportional
to cos (90° - 0).





[image: image35.png]Similarly current in coil B lags the supply voltage by 90° and it moves in same
field. Hence the torque on B is proportional to cos (90° - ) i.e. sin ¢ and cos 6.

Ts = K Visiné cos® .

In equilibrium position, Tx =Ty

2.cos § cos (90°-0)
sin® = tan$ cos O
@n® = tan¢

=4

Thus the angular position taken up by the moving coils is equal to the system
power factor angle. The scale of the instrument can then be calibrated interms of
power factor values.

sin ¢ cos 0





Moving Iron Power factor meter:

[image: image36.png]The advantages of moving iron power factor meter over the dynamometer type
are,

1. The working forces in moving iron are larger.
2. All coils in moving iron are fixed so no ligaments are required.
3. A scale extends over 360°

But due to the losses in the iron parts, the accuracy of moving iron power factor
meters is much less than electrodynamometer type.

There are two types of moving iron power factor meters,
1. Rotating field type 2. Alternating field type

2.16.1 Rotating Field Type Moving Iron Power Factor Meter

It consists of three fixed coils whose axes are displaced from each other by 120°
The coils are supplied from a three phase supply through current transformers (C.T.)
The Fig. 215 shows the construction of rotating field type moving iron power factor
meter. The coils Fy , Fx and F; are the fixed coils. The coil Fy is supplied from phase R,
coil By from phase Y and coil Fy from phase B. The coil Q is placed at the centre of
the three fixed coils and is connected across any two lines of the supply through a
series resistance.




[image: image37.png]Pointor

Fig. 10 Rotating field type moving iron power factor meter




[image: image38.png]Inside coil Q, there is a short pivoted iron rod. The rod carries two sector shaped
vanes Iy and I, at its ends. The same rod carries damping vanes and a pointer. The
control springs are absent. The moving system is shown seperately in the Fig. 2.15.

‘The coil Q and the iron system produce an alternating flux which interacts with
the flux produced by the coils Fy, Fa and Fy. Due to resistance R, the current in coil Q
is in phase with the supply voltage. So the deflection of the moving system is
approximately equal to the power factor angle of the three phase circuit. The flux
produced by the coils Fy, F; and Fy is rotating magnetic flux which creats an induction
motor action. It tries to keep moving system continuously rotating. But it sets moving
system in a definite position due to use of high resistivity iron parts. Such high
resistivity parts reduce the induced currents and stops the continuous rotation.

The meter can be used for balanced loads. It is also called Westinghouse power

factor meter. It is calibrated at the normal supply frequency and can cause serious
errors if used at any other frequency.

Alternating Field Type Moving Iron Power Factor Meter

This instrument consists of three moving irons and vanes, which are fixed to the
common spindle. The spindle carries the damping vanes and the pointer. The moving
iron vanes are sector shaped similar to those used in the rotating field type meter. The
arcs of these sectors have an angle of 120° with respect to each other. These iron
Sectors are separated from each other on the spindle by the non-magnetic pieces
denoted as S. The Fig. 216 shows the construction of this instrument where
Qi,Q2 and Qs are the iron sectors. These iron sectors are magnetised by the coils
Py, P; and Py. These are voltage coils.




[image: image39.png]These coils are connected across the three phases. Thus the currents through them
are proportional to the phase voltages of the three phase system.

The current coil is divided into two equal parts R and By, parallel to each other.
The current coil carries one of the three line currents. One part K of the current coil is
on one side of the moving system and other F; on other side.

When connected in the circuit, the moving system moves and attains such a
position in which mean torque on one of the iron pieces gets neutralized by the
torques produced by the other two iron pieces. In this position, the deflection of the
pointer is equal to phase angle between the currents and voltages of the three phase
ystem. The instrument is used for the balanced loads but can be modified for
unbalanced loads. The voltage coils are at different levels hence the resultant flux is
not rotating but alternating.

This instrument is also called Nalder-Lipman power factor meter.




[image: image40.png]oV




[image: image41.png]Symbolic representation

Fig. 11 Altenating field type moving iron power factor meter




Frequency Meter:

[image: image42.png]The meters which are used in the circuit to indicate the frequency of the supply
are called frequency meters.

The frequency meters are classified based on the principle of operation as,

1. Mechanical resonance type frequency meter

2. Electrical resonance type frequency meter

3. Weston type frequency meter

The mechanical resonance type frequency meter is called vibrating reed type

frequency meter. The clectrical resonance type frequency meter is called ferro-dynamic
frequency meter. Let us discuss these frequency meters.

Vibrating Reed Type Frequency Meter

This meter works on the principle of mechanical resonance. The meter consists of
number of thin steel strips called reeds. The bottom of the reed is rigidly fixed to an
electromagnet. The upper part of the reed is free and bent at right angles. This upper
part is called a flag. An electromagnet has a laminated iron core, which carries an
excitation coil having large number of turns. This coil is connected across the voltage
whose frequency is to be measured. The flags are painted white to have good
visibility on the black background. The basic construction of this type of meter and
the construction of reed is shown in the Fig.




[image: image43.png]Laminated magnet core

it

Fig. 12 Vibrating reed type frequency meter

Flag




[image: image44.png]The reeds are manufactured such that their weights and dimensions are different.
Hence their natural frequencies of vibration are different. The reeds are arranged in
the ascending order of their natural frequencies and the natural frequencies are
generally differ by half cycle. So natural frequency of first reed may be 48 Hz,
next may be 485 Hz, next may be 49 Hz and so on.




[image: image45.png]When meter is connected in the system, the coil carries current i which alterates
at the supply frequency. This produces an alternating flux. This produces a force of
attraction on the reeds which is proportional to square of the current i* and hence all
the reeds vibrate with a force which varies at twice the supply frequency. But the reed
whose natural frequency is twice the frequency of supply voltage will be in resonance
and will vibrate most. The tuning in such meters is so precise that for a 1 to 2%
change in the frequency away from resonating frequency, the amplitude of vibration
decreases drastically and becomes negligible. Thus when a reed corresponding to 50
Hz is vibrating with maximum amplitude, other reeds vibrate but with negligible
amplitudes which can not be noticed. This is shown in the Fig. 2.18.
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Fig.13 Vibrating reeds

The advantages of this frequency meter are that the reading is not affected by the
changes in the waveform of the supply voltage and simple mechanism. But if supply
voltage is low, the vibrations may not be noticed. So supply voltage should not be
low for the effective operation. One more limitation of the meter is that the difference
in the frequencies of the adjacent reeds is 05 only. So reading corresponding to less
than half the frequency difference can not be obtained. So precise frequency

measurement s not possible. The accuracy of the meter depends on the proper tuning
of the reeds.





[image: image46.png]Electrical Resonance Type Frequency Meter

The Fig. 219 shows the construction of the electrical resonance type frequency
meter.

It consists of a laminated iron core. On one end of the core a fixed coil is wound
which is called magnetizing coil. This coil is connected across the supply whose
frequency is to be measured. This coil carries current which has same frequency as
that of supply. On the same core, a moving coil is pivoted which carries a pointer. A
capacitor C is connected across the terminals of the fixed coil.




[image: image47.png]Let I = Current through magnetizing coil
¢ = Flux in the iron core

The fiux ¢ is assumed to be in phase with the current 1.
This flux induces the voltage in the moving coil which always lags flux ¢ by 90°.
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Fia. 14 Electrical resonance type frequency meter




[image: image48.png]The phase of the current i depends on the inductance of the moving coil and the
capacitor C.

Consider the different cases and the corresponding phasor diagrams to understand
the working of the meter, as shown in the Fig. (), (b) and (c).

1 ' . 1 L 1
oo
a %0 i 90°
i ]
. . H

(@ ®) €
Fig.15
In Fig. 220 (a) the circuit of moving coil A is assumed to be inductive, hence

current i lags the induced voltage ¢ by angle a. Hence the torque acting on the
moving coil s given by,





[image: image49.png]Ty x 1icos(%0+a) ()

In Fig. 220 (b) the circuit of moving coil A is assumed to be largely capacitive,
hence current i leads the induced voltage e by angle p. Hence the torque acting on the
moving coil is given by,

Ty o 1icos(90-B) @

This torque is in opposite direction to the torque produced in case of inductive
nature of the moving coil circuit.

The Fig. 2.20 (c) shows the resonance condition where the inductive reactance is

equal to the capacitive reactance. So current i is in phase with e and the torque acting
on the moving coil is given by,

Ty Licos (909 =0

Hence under resonance condition, torque acting on the moving coil is zero.




[image: image50.png]1 1
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But the inductive reactance Xi oL not only depends on the frequency but also
depends on the position of the moving coil on the core. Nearer the moving coil to the
magnetizing coil, higher is its inductance. Thus for a given frequency, moving c
moves in such a way to achieve a position where X; =Xc and electrical resonance is
achieved. At this position, torque on the moving coil is zero and the pointer indicates
the corresponding frequency. The design of the instrument is such that for a normal
frequency, the coil takes a mean position. The capacitor C is chosen such that electrical
resonance takes place at this mean position and pointer indicates the normal
frequency.

Now the capacitive reactance X¢ is constant for a given frequency.

1

If frequency is higher than the normal value, then Xc decreases. Hence

=
X1 =2rfL must decrease in order to achieve resonance. So moving coil moves away

from the magnetizing coil on the core and pointer moves to the right of the mean
position, indicating higher frequency.

If frequency is lower than normal value, Xc = increases. So to achieve

.
2xfC
Xt =Xc, the moving coil moves towards the magnetizing coil where inductance
increases. Thus pointer moves to the left of the mean position, indicating the lower

frequency.





[image: image51.png]An important advantage of the instrument is that the great sensitivity is achieved
as the inductance of the moving coil changes slowly with variation of its position on
the core. This meter is also called ferro-dynamic frequency meter.




[image: image52.png]Weston Frequency Meter
This is moving iron type instrument. It works on the changes in current
distribution between two parallel circuits, one of which is inductive and other
non-inductive, when the frequency changes. This is due to the fact that the impedance
of the inductive circuit changes with the change in the frequency. (X;, =2xfL)

The Fig.  shows the constructional details of the Weston frequency meter.
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Fig.16.
[image: image54.png]It consists of two fixed coils, each divided in two parts A;-Az and By-B;. The
axes of the two coils are mutually perpendicular to each other. At the centre of the
axes, a soft iron needle is pivoted which is thin and long. The needle carries a pointer
and damping vanes. There is no controlling device to produce controlling torque.

The coil A is connected in series with an inductor Ly across a non-inductive
resistance Ry . The coil B is connected in series with a non-inductive resistance Rg
across an inductance Lg. The resistance Ry and Lg are in series with another inductor
L and the combination is across the supply voltage. The main purpose of inductor L is

for damping out the harmonics in the waveform of the current. This eliminates the
errors caused due to the harmonics.




[image: image55.png]When the meter is connected across the supply, both the coils carry currents. The
two magnetic fields produced by the two currents are at right angles to each other.
These fields act upon the soft iron needle, causing its deflection. So position of needle
and hence the pointer depends on the currents through the coils A and B.

In practice, the values of Ry , Rg, L and Ly are so choosen that the equal currents
flow through the coils and needle takes the mean position, which indicates the normal
frequency.

If the frequency increases above the normal value, then reactances Ly and Ly
increase while non-inductive resistances Ry and Rg remain same. So impedance of the
coil A increases. Hence the current through coil A is reduced. While voltage drop
across Ry remains same. While the current through coil B increases due to its parallel
combination with coil A. This makes the magnetic field produced by coil B more
stronger. So the needle moves in such a way that it lies more nearly parallel to the
axis of the coil B. So needle tries to become vertical and pointer deflects to the right
indicating higher frequency. When the frequency decreases than the normal value, the
opposite action takes place and pointer deflects to the left.




Synchroscopes:

[image: image56.png]The process of switching of an alternator with a common busbar without any
interruption is called synchronization. The machine which is to be synchronised with
the busbar is called incoming machine. To have effective synchronization certain
conditions are to be fulfilled,

1. The terminal voltage of incoming machine must be same as that of busbar.

The frequency of incoming machine must be same as that of busbar.

3. The phase of the voltage of incoming machine must be same as the phase of
the busbar voltage.

Practically a voltmeter and synchronizing lamps are used to decide the instant of
switching such that all the above conditions are satisfied. But this method is based on
personal judgement hence not accurate. The accurate device which is used to
determine the difference in frequency and phase of voltages of incoming machine and
busbar is called synchroscope. It consists of a rotating pointer which indicates the
exact moment of closing the synchronizing switch. The rotation of the pointer is
proportional to the difference in frequencies and phases of the voltages of incoming
machine and busbar. It rotates in clockwise or anticlockwise direction depending
whether the incoming machine is faster or slower than busbar. The synchroscope dial
is shown in the Fig, When pointer stops rotating it indicates that frequencies are
same. When pointer stops in vertical position, it indicates that two voltages are in
phase. Thus the correct instant of synchronizing can be accurately decided.




[image: image57.png]There are two types of synchroscopes,
1. Electrodynamometer or Weston type synchroscope.

2. Moving iron type synchroscope.
Pointer

Fig.17  Dial of synchroscope

Electrodynamometer or Weston Type Synchroscope

Practically to achieve the correct instant of synchronization, the static and dynamic
methods are combined together. The static method includes the use of lamp while the
dynamic method includes the use of electrodynamometer type synchroscope. The
arrangement is shown in the Fig.
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Fig.18
[image: image59.png]Static Part : It consists of three limbed transformer. One of the outer limbs is
excited by busbar voltage Vi while other outer limb is excited by the incoming
machine voltage V2. The central limb carries the lamp. The fluxes produced by the
two outer limbs are forced through the central limb. The phasor sum of these two
fluxes is the net flux in the central limb. This is responsible to induced an e.m.£. in the
central limb which operates the lamp.

The outer limb windings are so arranged that if the two voltages V; and V, are
in phase, two fluxes in the central limb help each other and maximum em.f. gets
induced in the central limb. This makes lamp glow with maximum brightness. If the
two voltages Vy and V3 are 180° out of phase, two fluxes in the central limb oppose
each ohter and resultant flux in the central limb is zero. Thus no e.m.f. is induced in it
and lamp remains dark.

If the frequency of V3 is different than the frequency of V; then lamp flickers i.e.
lamp becomes alternately dark and bright. The flickering frequency is equal to
difference in the frequencies of Vy and V. Thus when the lamp is flickering with
véry slow rate and when the lamp is maximum bright then the synchronizing switch
must be closed. But this part does not detect whether incoming machine is faster or
slower. This can be known using the synchroscope.




[image: image60.png]Dynamic Part : This consists of an electrodynamometer type synchroscope. It
consists of fixed coil divided into two parts while the moving coil consists of a
pointer. The fixed coil is connected to busbar with a resistor and inductor in series
The moving coil is connected to the terminals of incoming machine with a
capacitor in series. The inductor and capacitor are used in fixed coil and moving coil
circuit respectively because when the two voltages are in phase then due to L and C,
the two currents are in exact quadrature (90°) to each other. Thus no torque will act
on the pointer. The control springs are arranged such that under this condition,
pointer remains in vertical position. This is shown in the Fig. 2.27. The current I; lags
V, while I; leads V; such that I; and I, are in quadrature. If Vy and Va are 180° out
of phase, still the currents I; and I will be in quadrature and pointer will remain
stationary. But in this situation, the lamp will be dark. Practically it is very difficult to
achieve exact stationary position of the pointer. It oscillates about its vertical position
on the scale. -





[image: image61.png]Fig. 19 (a) Phasor diagram when Vy, V; are in phase




[image: image62.png]vi va

Fig.20 (b) Phasor diagram when Vs, V; are in antiphase




[image: image63.png]Thus when pointer is oscillating very slowly about its central position and the
lamp is maximum bright, then the synchronizing switch is operated. The movement of
pointer in clockwise or anticlockwise direction tells whether the incoming machine is
faster or slower.




Moving Iron Synchronoscope:

[image: image64.png]The construction of moving iron synchroscope is similar to the Nalder-Lipman
power factor meter. It consists of two moving irons and vanes which are mounted on
the common spindle. The moving iron vanes are sector shaped, separated by a brass
piece. The vanes are connected to iron cylinders C; and C;. The axes of moving iron
vanes are 180° out of phase with respect to each other. The cylinders carry two
pressure coils B and Py. The coils- P and P are excited by incoming machine voltage.
One coil is connected to incoming machine through resistance R while the other coil
through inductor L. The fixed coil is divided into two parts A and A’ and excited
from the busbar voltage. The control springs are not used. The fixed coil is designed
to carry small current.

The construction of moving iron synchroscope is shown in the Fig.
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[image: image66.png]Working : When the frequency of V; is same as that of V; then the pointer is
stationary. Its deflection is proportional to the phase difference between the two
voltages Vy and V3. If the frequencies are different, then pointer rotates continuously.
The speed of rotation is proportional to the difference in two frequencies. The
direction of rotation indicates whether incoming machine is fast or slow.

The R and L connected in the pressure coils Py and P; ensure that there is phase
difference of 90° between the currents of two pressure coils.

Let vy
V2

Busbar voltage

u

Voltage of incoming machine

The torque produced by the pressure coils B and P, when the frequencies of two
voltages is same then,

T = KV, V; sind cos (+a)
T, = KV;V sin (%0° - 0) cos (90° + a)

ie. Ta = KViVz cos 0 sin(ta)

where 0 = Deflection of pointer from vertical position
o = Phase difference between V; and V;

If pointer has to achieve stationary vertical position, T, =T, as they act in opposite
direction.




[image: image67.png]sin 0 cos (+ @) = cos 0 sin (+ o)

0 =ta

Thus the deflection of pointer is proportional to the phase difference between V,
and V3 and it is stationary.

If the frequencies of two voltages differ then,

T, = KV;V2 sin® cos (+ 2af't + a)

T; = KV;V; sin (90°-8) cos [90°- ( 2nft+a)]
ie T: = KViVz cost sin [+ 2aftta]
In equilibrium condition, T; = T> and

sin® cos (+ 2nft+a) = cosO sin[+ 2nf't+a]

0

+ 2nftta





[image: image68.png]Thus the pointer rotates with a speed proportional to the difference in the two
frequencies. The direction of rotation depends on whether  is positive or negative i.e.
whether frequency of incoming machine is higher or lower than that of busbar
voltage.





[image: image69.png]This type of synchroscope is very common in use because of its advantages such as,
1. Operation is simple.

2. The 360° scale is available.

3. The correct instant of switching can be decided

4. Very cheap hence economical.




