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Working of the Energy Meter

e The energy meter has the aluminium disc whose rotation determines the power

consumption of the load. The disc is placed between the air gap of the series and
shunt electromagnet. The shunt magnet has the pressure coil, and the series magnet
has the current coil.

The pressure coil creates the magnetic field because of the supply voltage, and the
current coil produces it because of the current. o

The field induces by the voltage coil is lagging by 90° on the magnetic field of the
current coil because of which eddy current induced in the disc. The interaction of‘ the
eddy current and the magnetic field causes torque. which exerts a force on the disc
Thus, the disc starts rotating. .

The force on the disc is proportional to the current and voltage of the coil. The
permanent magnet controls Their rotation. The permanent magnet opposes the
movement of the disc and equalises it on the power consumption. The cyclometer
counts the rotation of the disc.

The net driving torque of the disc is expressed as

Ty « @ﬁzgsinﬂcosa = Klﬂ)lwzg-sinﬁcosa

where K, — constant ,®; and ®; are the phase angle between the fluxes. For energy meter,
we take ®, and ®. , B — phase angle between fluxes ®, and &, = (A - ®), therefore

;. B

. L, -
Driving Torque,Tq = K,$,8, sin(d — §) cosa

But @, « V,and (Dp « [

T; < K,VI éSin(A — @)cosa
L
Iff, Zand a are constants,

T; = K;VIsin(A — 0)

¥ N is steady speed, braking torque

TB = K4N

At steady state, the speed of the driving torque is equal to the braking torque.

K,N= K;VI(A- 0)
N = KVIsin(A — 0)

IfA=90°

www.iitkirba.xyz



N = KVIsin(90° — @) = KVIcos®

=K X power
Speed,

The speed of the rotation is directly proportional to the power.
Total number of revolution = [ Ndt =K[ VIsin(a - ©)

It A = 80°, total number of revoiutions
=K f VIcos@dt

= K I power dt = K X energy
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Galvanometer :

An instrument huge to find weak electric current in a circuit is galvanometer The current could range
from few micro ampere to many nano ampere.

Application : bridges, potential meter Where its function is to detect zero current

D’Arsonval Galvanometer '
eter : e
4/«“%0‘[. G
o This kind of elevator can only measure dc '
quantity [ Mirror |
' toving Coll ! /
¢ This galvanometer works on the principle of \ e b
D’Arsonval movement —
Construction : 20Ut
North
1. Moving coil : L
. ‘ o *
* A Current carrying element placed in between Borriier ! / Sowet Permanent
two magnets is called as moving coil . f . o
* Moving coil is arranged in between uniform, d
horizontal, radial line of force S
o There is an iron core whose reluctance is very North @I .| south
less , therefore to produce strong magnetic field o - |
for the coil to move properly and increases the —
deflecting torque and sensitivity of FErmanent Mowng Coil  Iron Core

g \ meter Magnet

The moving coil is either rectangular or circular in safe and contains a number of turns of fine wire.
The shape of the soft iron core is spherical if the coil is circular but the shape of the core is
cylindrical if the coil is rectangular .

The coil is suspended so that it is free to turn above its vertical axis of symmetry .

2. Damping:

3.

The eddy current damping is used as metallic former is used in side the moving coil.
Critical dumping can be achieved by adjusting the resistance value connected across the
Galvanometer Terminal.

Suspension :

The moving coil is suspended in between permanent magnets so that it is free to turn above its
vertical axis of symmetry .

moving coil suspended using a ribbon arrangement, there is an upper and lower suspension.
The upper suspension is made of ribbon type material , it is a flat thin strip material .

For the support the lower part there is a lower suspension which is supported by a coiled wire .
Add a flat strip is used so it must be handled carefully .
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4. Indication :

 The suspension carries a small mirror upon which a beam of light is cast .
* The beam of light is reflected on the scale upon which deflection is measured .

S. Zero setting :
e Atorsion head is provided for adjusting the position of the coil and for zero setting

Torque equation :

Force = NBIl sina
As Field is radial a = 90 degree

= Force = NBIl

= Torque (T) =Force . d = NBild

= Torque (T) = NBIA ( as I.d =Area)

© T4=G.i (where G = NBA and 1= damping troque)
controlling torque 7. =k .©
In steady state condition T = Tq

= k.6=G.i

2 © = (G/k).i

©0a.i

Dynamic behavior of Galvanometer :

» When we pass current through Galvanometer it doesn’t reach steady state immediately , But there 1§
a time interval or period of transition during which moving system of galvanometer deflects from
initial position to final steady state position .

Constants in Galvanometer :

1. Displacement constant :
Ta=G.i where G = displacement constant
= NBA N-nVA (unit)
2. Inertial constant :
A retarding torque is produced owing to inertia of the moving system, this torque is depend upon the
moment of inertia of the moving system and angular acceleration .
, d?0 . _ . _ . .
Tj=j oz J=Inertiaconstant .6 = deflection at any time t .
3. Damping constant :
Damping torque is assumed to be proportional to the velocity of moving system .
T, =D %?— where D = damping constant N-nvrad . sec™!
4. Control constant :
T.=k.0 where k = control constant N-m/rad
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Equation of motion :

For any deflection © at any time t

T,’ +TD +TC = Td

,d%e d0
< JZEtD—=+ko =g

de?

< Ths ils a lincar second order differential cquation
= Solution = Particular part (Steady state) + Complementary part ( transit)

Complementary function :

jm*+Dm+ k=0

o m, = ——:_D+ D2-4kj
2
S my = 2
= 6 = de™! 4 Bemat
Particular solution :
At steady state condition
d2e do
F=0 S°E=0 and © =6¢
Gi

So the complete solution is :

8 = Ae™* + Be™t + 0

Vibration galvanometer :

It is used with current

Construction :

1. Moving coil :

Moving coil consist of five bronze or silver.

It is similar to D’Arsonval_ Galvanometer

moving coil

Metal former m.c. wounded which is vibrating placed
between permanent magnet.

This wire passes over a small pulley at the top

and is tight by a spring attached to the pulley.

Mirror

Spring

<+— Pulley

Bridge piece

Vibrator loop
o

>

L
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2. Briage piece :
o Two small bridge piece are placed at the end of the loop wire.
® It is adjustable in upward and downward direction.

3. Pulley :

o For tightcning the wire it is uscd spring is uscd pull the pulicy
tight to create torsion
4. Pointer and scale:
e The amount by which the pointer moves gives the current on the scale.
adiusted

e The scale can be adjusted or the range of the galvanometer can be
by adjusting the bridge pieces.
¢ Fine adjustment by changing the person:
If F,is equal to Fgthen range is more .
If Fq is not equal to Fs then range is less .

lorque equation :

L+Thh+T. =Ty
T4 = Gi = Gl, sinwt

, a6

= J dt?

+ D%’-+ kO = Ty = Glysinwt
. . Gl sin(wt-a
= Solving equation : 6 = ‘/_E)m_m
Gl
V(Dw)2-(k-jw)?
Vibration galvanometer range = 1000 heriz to 1300 hertz
© When an AC current is passed through the moving coil, an alternating deflecting torque produced

which makes the coil vibrate with frequency equal to the frequency of the supply.

= A=

Ballistic galvanometer :

e No damping, no friction .
e Damping constant is ideally zero for this kind of Galvanometer.
e It is used to measure the charge flown in a short duration, during a impulse current.
o Impulse current is the current which exists for a short period of time .
o Two measure the charge which has flown during impulse current in a circuit ballistic
galvanometer is used.
e In ballistic galvanometer D=0
. d%e
GI(t)= T4 = el
- 20
aUa)

d
== (angular momentum)
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Torsion
Hcad

G .I(t) = rate of change of angular momentum - dt « Phosphorous
Bronze Wire

G . Q = Total change in angular momentum in dt time

()’————Mmor

Q = I(t) .dt = Changing flux in dt time
Assume that the coil is at rest before the impulse current

So mitial angular momentum = 0

G.Q = Angular momentum after impulse current

=)w where w = Angular velocity after impulse current
_GQ

i
l
/ l 3 ——Spring
K.E. immediately after imports current = % J w? = —-VO

The current has stopped but the coil has gained some velocity (K.E.) and then when the current stopped,
due to inertia the coil will continue to move and as the coil move the angle O increases, spring tries to
stop it. Depending on the inertial energy stored the coil works.

Let 67 = Coil can move up to of angle with kinetic energy é j w? —K.E. used or converted into PE.
Initial PE. in spring ——kGf =§j w?

®  k6f = ju?=jEh?

J.e, JCe

= 3GC = constant and 9, = measured
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PYQ'S ASKED IN MID & END SEMES TER EXAMINATIONS

MODULE I

TMARKERR

1) Amoving coll mill-ammeter having & resistance of 10ohm gives full deflection when &
Wd?Ahmmmugnn.sxuunhowunmmmtmuuudm
3 ‘mh‘d Wm?1Amdavmwto5V.

OE® ® N e o

1) Explain
m“mmwmmmmmmum
2) Explein the working principte of slectrodynamometer watt-meter. Also derive the torque
3) Dusive the power sxpression for tyee phase load by 1ssing two wattmeter method.

1) mmmwamv.umombMMduﬁmwmmeMh
wawwammmuwf.mmsmmmu

mrembridlmmn tw AAP® mew PVrdomeatns O s moplan 2s2a =61 N el
R YIS B5D b DN W We WwBind 30N AW MW MIwkirs Wi WS WML o BRAad 3N BARSs

2 mm-&-m-mu-—up—m-un-spu
uﬂlmmo.l.malpowummodwmoloﬂuwwm
instraanent s 30Kw . Find the individual wattmeter rendings,

3 A0V, SA&mmrmmmnsnmplmm.morm
mmmnmnwmuwwmamsnmu
wmmuﬁmmcwd4bmmm{a}mm:

avangement (i) Phantom loading with the curment ol clrcult axciied by 4 separate § V

baltery

&) AZ&VWW“M:WMGEAWCM:M
pa-tm.ﬁﬂnm disc malees 2780 revolutions during this period, what is the
mmmmamwwmmmmmmmdm
wammmwmmmmmmugmvms

howrs.
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