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Working of the Energy Meter 

Ihe 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 ihe cureni coil. 
The pressure coil creates the magnetic field because of the supply voltage, and the 

Current coil produces it because of the current. 
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 curent and the maanetic field causes toraue. which exerts a force on the disc 

Thus, the disc starts rotating. 
The force on the disc is proporional to the current and voltage of the coil. The 
pemanent magnet controls Their rotation. The permanent magnet opposes the 
movement of the disc and equalises it on the power consumption. The cyclometer 
Ounts the rotation of the disc. 

Ihe net driving torque of the disc 0s expressed as 

f 
Ta « 0,0,,sinßcosa = K;0,0,,sinßcosa 

where Ky - constant ,o and > are the phase angle between the fluxes. For energy meter, 
we take p and s,ß- phase angle between fluxes , and , = (A-), therefore 

Iff, Z and a are 

Driving Torque,Ta = K{ö,0, sin(å � ) cosa 

T = KzVlsin(A -0) 

T; = K�N 

If Nis stecady specd, braking torque 

f 

But D, ox V, and , « I 

f 

T¡ oc K,VI, Sin(4 � 0)cosa 

K�N= KzVI(A -0) 

IfA =90, 

N= KVIsin(A -0) 

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

Constants, 
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Speed, 

N= KVIsin(90° - 0) = KVlcos) 

=K X power 

The speed of the rotation is directty proportional to the power. 

Total number of revolution= [Ndt = K Vlsin(A -0) 

If A= 90°, total number of revoiutions 

= K VIcosodt 

= K power dt = KX energy 

www.iitkirba.xyz



4 Power in mee ph ase system 

I supply qomestc appucationa. 

(Sme magniude , 120'phese ahift) 

ST46 MoDEL 

y' 

tdvantas t- more vsHages 
nransnsslon of s power 

’ h=3.Vph 

# Ts tyes of connection in 34 Rupp'y phese asrnt 

’MF(Ttoting masnetit gu) les cannecte) 
yEcon omdcay. -actustayt 

BELTA MODER 

’ VL = Vph 

phese vottaf 
untalanced syktem in Star Cannecta 

R 

’ Line us sent le the 
phase cuttent. 

e 

= vytiyVy t bV, 
very 

www.iitkirba.xyz



# blanc ed 3¢.4re sy6te ) («yB-N) 

’ Balaned 

m 

VRs 

B Zpy 

w 
# 6lendel's Theoren tor a N balaneed Ay sem, if )3 

Sepamate neutray wire t present, then'N'ns. of 
reautred for poer measurtnant -(Wo) 

Wg=Vyw Iy os¢ =Vp Tph cosf 

VRN= VyN = Ven = Vph 

Vey = Vye = VeR e VL 

ts 

=3 Vph Iph cot. 

’fregeney of wttae ’ Sene. 

7e of inpen aneea ’ ame 
-paaseof împenqenes ’8ame 

W=Vke. Ik cos (vRe^IR)-Ô 
Ng Vye Iy cos ( Vy a ̂ Iy) 2) 

yo= VyN VsN = VyN t (-V&N) 

www.iitkirba.xyz



( Dran t care�uly y reaqint theory ) 
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Galvanometer: 
An instrument huge to find weak elcctric current in a circuit is galvanomcter.The curTent could range 
from fevw micro ampere to many nano ampere. 
Application : bridges, potent ial meter Where its function is to detcct zero current 

D'Arsonval Galvanometer: 
" This kind of elevator can only measure dc 

quantity 
This galvanometer works on the principle of 

D'Arsonval movement 

Construction: 
1. Moving coil : 

A Current carrying element placed in between 
two magnets is called as moving coil. 
Moving coil is arranged in between uniform, 
horizontal, radial line of force 
There is an iron core whose reluctance is very 
less, therefore to produce strong magnetic field 
for the coil to move properly and increases the 
deflecting torque and sensitivity of 
galvanometer 

cylindrical ifthe coil is rectangular. 

2. Damping: 

Permanent 

Magnet 

3. Suspension : 

Moving Col 

North 

forme 

North 

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

Mrror 

" Add a flat strip is used so it must be handled carefully. 

1 

Mov1ng Coit 

Upper 
Suspension 

Iron Core (Stationarv) 

South 

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 

Lower 

Suspensi0n 

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

South 

Iron Core 

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 isa flat thin strip material 
For the support the lower part there is a lower suspension which is supported by a coiled wire 

Permanent 

Magnet 
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4. indication : 

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

5. Zero setting : 

A torsion head is provided for adjusting the position of the coil and for zero setting 

Torque egquation 
Force = NBil sina 

As Field is radial a=90 degree 

Force = NBil 
Torque (t) = Force. d = NBild 
Torque (T) = NBIA ( as Í.d =Area) 

ty=G.i (where G = NBA and tu damping troque) 
controlling torque t. =k.0 

In steady state condition Te = Tu 
k.6=G.i 

= (G/k). i 
a i 

Dynamic behavior of Galvanometer : 

When we pass current through Galvanometer it doesn't reach steady state immediately, But there is 
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 

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 . 

T, =j j-Inertia constant ,0= deflection at any time t. 
3. Damping constant : 

= NBA N-m/A (unit) 

Damping torque is assumed to be proportional to the velocity of moving system. 
Tp = D 

de 

dt 

4. Cont rol constant : 
T, =k.e 

where D = damping constant N-mrad.sec-1 

where k= control constant N-m/rad 

2 
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Equation of motion : 
For any deflection at any time t 

T, + Tp t Te = Ta 

¡+D ke = Gi dt2 

This is a lincar Second order diflerential cquation 
Solution Particular part (Steady state) + Complementary part ( transit) 

Complementary function : 

dt 

jm + Dm + k= 0 

m, = 

m, = 

dt2 

-D+/D2-4kj 

= AemËt + Be M2 

Particular solution: 

2 

-D-JD'-4kj 
2 

At steady state condition 

Gi 

=0 so =0 and=r 

Construction: 

de 

So the complete solution is : 

dt 

= Aeml + Bem2 + E, 

Vibration galvanometer: 

1. Moving coil : 

It is used with current 

Moving coil consist of five bronze or silver. 

It is similar to D'Arsonval Galvanometer 
moving coil 
Metal former mc. wounded which is vibrating placed 
between permanent magnet. 

" This wire passes over a small puley at the top 
and is tight by a spring attached to the pulley. 

3 

Mirror 

0000 

-Spring 

Pulley 

Bridge piece 

Vibrator loop 
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2. Bridge piece : 
Tvo smal bridge piece are placed at the end of the loop wire. 
It is adjustable in upward and downward direction. 

3. Pulley : 

" For tightcning thc wirc it is uscd spring is uscd pull thc 
tight to create torsion 

4. Pointer and scale: 

The amount by which the pointer moves gives the current on the scale. 
The scale can be adËusted or the range of the galvanometer can be 
by adjusting the bridge pieces. 

" Fine adjustment by changing the person: 
If F, is equal to Fs then range is more 

If F, is not equal to F, then range is less 

Torque equation: 

dt2 

T; + Ip +T,= Ta 

j+D+ ke 

T = Gi= Gl, sin wt 

A= 

Solving equation: 0 = 

dt 

Gln 

/(Da)-(k-jw)? 
Vibration gatvanometer range = 1000 hertz to i800 hertz 

T4 = Glm sin wt 
Glm sin (wt- a) 

/(Da)-(k-jo)? 

Balistic gaivanometer : 
No damping, no friction 

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. 

Damping constant is ideally zero for this kind of Galvanometer. 

It is used to measure the charge flown in a short duration, during a impulse current. 
Impulse current is the current which exists for a short period of time . 

Two measure the charge which has flown during impulse current in a circuit ballistic 
galvanometer is used. 
In ballistic galvanometer D=0 

GI(t) = Ta=j 
do, 

dt2 

(angular momentum) 

pulley 

4 

adjusted 
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G.I(t) = rate of change of angular momentum x dt 

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

Q= l(t).dt = Changing flux in dt time 
Assume that the coil is at rest before the impulse current 
So initial angular momentum =0 

G.Q=Angular momentum after impulse current 
* JW where w = Angular velocity after impulse current 

C.Q 

K.E. immediately after imports current = 

Initial PE. in spring ke-jw 

ke; = ju 

G 

-jEy 

= constant and , = measured 

Iron 

Core 

North 

T 

5 

Torsion 
Head 

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 increases, spring tries to 

stop it. Depending on the inertial energy stored the coil works. 

Phosphorous 

Let e, = Coil can move up to of angle with kinetic energy j w' - KE. used or converted into P.E. 

Bronze Wire 

Mirror 

South 

Spring 
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MODULEI| 
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4E he woring prcipte of eectrod namometer wattmeter. Aso dero the torque 

Ction 
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NUMERCANSte pecial) 
3) The metor constant of a 220 V,5A eneroy is 2000 ovolutions per kwh. The metor is 

otod tfload at rated voltage and at uof. The meter is ound to make 34 

por consmndbyaphne lond 

wepower factor 0.4.Total powe consumed by the load as ndicatecd by the 

netrumt 0Kw.Find e thovdtrng, 
3) AzB0 V, 5A c enery Meter is tosted for its name plate ratnos, Resistance of the 

pssn col circut is 6000Qnd that of curent coll tself is 0.15 Q Calculate he 

4 A230V sinoiephae wthor neter rocordia constnt load d5A for 6 bours atnity 

Dor factor. f the metor dc mBs 2760 revolutton Quring ts period, what lsthe 

mter constant in terns of revolutions per unit? Calcudate the load power factor e 

unborof rovolutions made bv the mtr s1712 when recordng 4A et 230 V for5 

*For htats& sotionser to the notes orfor detail sobton contoct your metor. brour mestor w beosned ouMOn) 

Dpoer epression for throe ohase load by sing twowattmetpr method. 
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