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MEASUREMENT OF POWER AND ENERGY
2.1 Single phase Dynamo meter type watt meter : In general, a watt meter is used to measure the electric power of a circuit, or sometime it also measures the rate of energy transferred from one circuit to another circuit. When a moving coil (that is free to rotate) is kept under the influence of a current carrying conductor, then automatically a mechanical force will be applied to the moving coil, and this force will make a little deflection of the moving coil. If a pointer is connected with the moving coil, which will move of a scale, then the deflection can be easily measured by connecting the moving coil with that pointer. This is the principle of operation of all dynamo meter type instruments, and this principle is equally applicable for dynamo meter type watt meter also. 
	This type of watt meter consists of two types of coil, more specifically current coil and voltage coil. There are two current coils which are kept at constant position and the measurable current will flow through those current coils. A voltage coil is placed inside those two current coils, and this voltage coil is totally free to rotate. The current coils are arranged such a way, that they are connected with the circuit in series. And the voltage coil is connected in parallel with the circuit.
	As simple as other voltmeter and ammeter connection. In fact, a watt meter is a package of an ammeter and a voltmeter, because the product of voltage and current is the power, which is the measurable quantity of a watt meter. 
	When current flows through the current coils, then automatically a magnetic field is developed around those coils. Under the influence of the electromagnetic field, voltage coil also carries some amount of current as it is connected with the circuit in parallel. In this way, the deflection of the pointer will proportional to both current and voltage of the circuit. In this way, Watt = Current × Voltage equation is satisfied and the deflection shows the value of power inside the circuit. A dynamo meter type watt meter is used in various applications where the power or energy transfer has to be measured.
Construction and Working Principle of Electrodynamometer Type Wattmeter
[image: http://www.readorrefer.in/media/extra/fxKS2aF.jpg]
Now let us look at constructional details of electrodynamometer. It consists of following parts There are two types of coils present in the electrodynamometer.They are : 
(a) Moving coil : Moving coil moves the pointer with the help of spring control instrument. A limited amount of current flows through the moving coil so as to avoid heating. So in order to limit the current we have connect the high value resistor in series with the moving coil. The moving coil is air cored and is mounted on a pivoted spindle and can moves freely. In electrodynamometer type wattmeter, moving coil works as pressure coil. Hence moving coil is connected across the voltage and thus the current flowing through this coil is always proportional to the voltage.
 (b) Fixed coil: The fixed coil is divided into two equal parts and these are connected in series with the load, therefore the load current will flow through these coils. Now the reason is very obvious of using two fixed coils instead of one, so that it can be constructed to carry considerable amount of electric current. These coils are called the current coils of electrodynamometer type wattmeter. Earlier these fixed coils are designed to carry the current of about 100 amperes but now the modern wattmeter are designed to carry current of about 20 amperes in order to save power. 
(c) Control system: Out of two controlling systems i.e.
(1). Gravity control    (2) Spring control, 
only spring controlled systems are used in these types of wattmeter. Gravity controlled system cannot be employed because they will appreciable amount of errors.
(d) Damping system: Air friction damping is used, as eddy current damping will distort the weak operating magnetic field and thus it may leads to error. 
(e) Scale: There is uniform scale is used in these types of instrument as moving coil moves linearly over a range of 40 degrees to 50 degrees on either sides. 
Now let us derive the expressions for the controlling torque and deflecting torques. In order to derive these expressions let us consider the circuit diagram given below:
We know that instantaneous torque in electro dynamic type instruments is directly proportional to product of instantaneous values of currents flowing through both the coils and the rate of change of flux linked with the circuit. 
Let Ip.c and Ic be the instantaneous values of currents in pressure and current coils respectively. So the expression for the torque can be written as:
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 Advantages of Electrodynamometer Type Wattmeter
Following are the advantages of electrodynamometer type wattmeters and they are written as follows:
(a). Scale is uniform up to certain limit 
(b). They can be used for both to measure AC as well as DC quantities as scale is calibrated for both. 

2.2 Errors in Electrodynamometer Type Wattmeter
 Following are the errors in the electrodynamometer type wattmeter:
Error Due to pressure coil Inductance:
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Error due to Pressure coil capacitance: The pressure coil circuit may have capacitance in addition with inductance. This capacitance mainly due to the inter turn capacitance of the series resistance. The effect of capacitance is opposite to that due to inductance. Therefore the wattmeter will read high when the load power factor is leading. The inductance in pressure coil circuit will always more than inductance, hence the error caused by capacitance will be nullified by that due to inductance. 
Error due to mutual inductance: Errors may occur due to the mutual inductance between the current and pressure coils of the watt meter. These errors are quite low at power frequencies. But they increased with increase in frequencies. The effect of mutual inductance can be avoided by arranging the coil system in such a way that they have no mutual inductance. So we can eliminate the errors due to mutual inductance. The Drysdale Torsion head wattmeter is an example for such type.
 Eddy Current errors: Eddy currents are induced in the solid metal parts and within the thick conductors by the alternating magnetic field produced by the current coil. This eddy currents produce their own magnetic field and it will alter that produced by the main current in the current coil and thus error occurred. This error can be minimized by avoiding solid metal parts as much as possible and by using 32 stranded conductors for high current applications. 
 Stray Magnetic field Errors: The electrodynamometer type wattmeter has a weak operating field and therefore it is affected by stray magnetic fields it will result in serious errors. Hence these instruments should be shielded against stray magnetic field.
  Errors caused by vibration of moving system: The torque on the moving system varies with frequency which is twice that of voltage. If the parts of the moving system have a natural frequency which is resonance with the frequency of torque pulsation, the moving system would vibrate with considerable amplitude. These vibrations will cause errors. This error can be reduced by design. 
Temperature Error: The change in room temperature may affect the indication of wattmeter. This is because of change in temperature will change in resistance of pressure coil and stiffness of springs which provide controlling torque. This effect are opposite in nature and cancel each other. The use of material of having negligible temperature coefficient of resistance will reduce change in resistance the pressure coils with change in temperature.
2.3 Blondel's theorem:
The theorem states that the power provided to a system of N conductors is equal to the algebraic sum of the power measured by N watt-meters. The N watt-meters are separately connected such that each one measures the current level in one of the N conductors and the potential level between that conductor and a common point. In a further simplification, if that common point is located on one of the conductors, that conductor's meter can be removed and only N-1 meters are required.
2.3.1 Two Wattmeter Method – Balanced Load Condition 
The Two Wattmeter Method is explained, taking an example of a balanced load. In this, we have to prove that the power measured by the Two Wattmeter i.e. the sum of the two wattmeter readings is equal to root 3 times of the phase voltage and line voltage (√3VLIL Cosϕ) which is the actual power consumed in a 3 phase balanced load.
The connection diagram of a 3 phase balanced load connected as Star Connection is shown below.
[image: TWO-WATTMETER-METHOD-BALANCED-LOAD-FIG-1]
Contents:
· Determination of Power Factor from Wattmeter Readings
· Determination of Reactive Power by Two Wattmeter Method
The load is considered as an inductive load, and thus, the phasor diagram of the inductive load is 
drawn below.[image: TWO-WATTMETER-METHOD-BALANCED-LOAD-FIG-2]
The three voltages VRN, VYN and VBN, are displaced by an angle of 120 degrees electrical as shown in the phasor diagram. The phase current lag behind their respective phase voltages by an angle ϕ.
Now, the current flowing through the current coil of the Wattmeter, W1 will be given as
[image: two-wattmeter-balance-condition-eq1]
Potential difference across the pressure or potential coil of the Wattmeter, W1 will be
[image: two-wattmeter-balance-condition-eq2]
To obtain the value of VYB, reverse the phasor VBN and add it to the phasor VYN as shown in the phasor diagram above. The phase difference between VRB and IR is (30⁰ – ϕ)
Therefore, the power measured by the Wattmeter, W1 is
[image: two-wattmeter-balance-condition-eq3]
Current through the current coil of the Wattmeter, W2 is given as
[image: two-wattmeter-balance-condition-eq4]
Potential difference across the Wattmeter, W2 is
[image: two-wattmeter-balance-condition-eq5]
The phase difference VYB and IY is (30⁰ + ϕ).
Therefore, the power measured by the Wattmeter, W2 is given by the equation shown below.
[image: two-wattmeter-balance-condition-eq6]
Since, the load is in balanced condition, hence,
[image: two-wattmeter-balance-condition-eq7]
Therefore, the wattmeter readings will be
[image: two-wattmeter-balance-condition-eq8]
Now, the sum of two Wattmeter readings will be given as
[image: two-wattmeter-balance-condition-eq9]
[bookmark: DeterminationofPowerFactorfromWattmeterR]The above equation (1) gives the total power absorbed by a 3 phase balanced load. Thus, the sum of the readings of the two Wattmeters is equal to the power absorbed in a 3 phase balanced load.
Determination of Power Factor from Wattmeter Readings
As we know that,
[image: two-wattmeter-balance-condition-eq10]
Now,
[image: two-wattmeter-balance-condition-eq11]
Dividing equation (3) by equation (2) we get,
[image: two-wattmeter-balance-condition-eq12]
Power factor of the load is given as
[image: two-wattmeter-balance-condition-eq13]
[bookmark: DeterminationofReactivePowerbyTwoWattmet]Determination of Reactive Power by Two Wattmeter Method
To get the reactive power, multiply equation (3) by √3.
[image: two-wattmeter-balance-condition-eq14]
Therefore, the Reactive Power is given by the equation shown below.
[image: two-wattmeter-balance-condition-eq15]











2.4.Extension of Range of Wattmeter using Instrument Transformers:
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2.6. Introduction to Energy
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2.7 Single phase Energy Meter:
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2.8.Errors and it's Adjustment in Energy Meter:
Energy meters should give correct readings over a period of several years under normal use conditions. Some of the common errors in energy meter and their remedial measures are discussed below.
1.   Lag Adjustment or power factor Adjustment or Phase Error: It is necessary that the energy --meter should give correct reading on all power factors, which is only possible when the field setup by shunt magnet lags behind the applied voltage by 90o. But the flux due to shunt magnet does not lag behind the applied voltage exactly by 90o because of winding resistance and iron losses.
Adjustment: The flux in the shunt magnet can be made to lag behind the supply voltage by exactly 90o by adjusting the position of shading band (or shading ring or shading coil) placed round the lower part of the control limb of the shunt magnet. These bands are adjustable. By moving  these bands along the axis of the central limb, the lag adjustment can be achieved. When bands are moved upwards, the e.m.f  induced in them increases increasing the m.m.f  produced, hence lag angle increases. When bands are moved down, the m.m.f produced by the bands decreases which decreases the lag angle. Thus the  shunt magnet flux can be brought in exact quadrature with the voltage V. This adjustment is known as lag adjustment or power factor adjustment (or power factor compensator).
2.    Speed Error: Sometimes the speed of the meter is either fast or slow, resulting in the wrong recording of energy consumption.
[bookmark: more]Adjustment: An error in the speed of the meter when tested on non-inductive load can be eliminated by correctly adjusting the position of the brake magnet. Movement of the brake magnet in the direction of the spindle will reduce the braking torque and vice-versa.
3.   Creeping: Sometimes the disc of the energy meter makes slow but continuous rotation at no load i.e. when the potential coil is excited but with no current flowing in the load. This is called creeping. This error may be caused due to over compensation for friction, excessive supply voltage, vibrations, stray magnetic fields etc.

[image: ]

Adjustment: In order to prevent this creeping on no load, two holes or slots are drilled in the disc on opposite side. When the hole comes under the shunt magnet pole, it gets acted upon by a torque opposite to its rotation. This is shown in fig.
	when a hole comes under  the  shunt magnet, the circular eddy current paths in the disc get distorted. This distortion is responsible to produce torque in opposite direction to the rotation of the disc. This stops creeping. The torque is not very large so as to cause errors under normal operating conditions.
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5. Temperature compensation: 
	As temperature increases the resistance of the copper and aluminium parts increases. This has following effects.
	(i) Small reduction in shunt magnet flux
	(ii) Reduction on phase angle of lag between V and shunt magnet flux
	(iii) Reduction in torque produced by all shading bands
	(iv) Increase in eddy current resistance path.
These various effects neutralize each other and hence errors due to temperature are not serious. But at low lagging power factor loads, such effects may cause serious errors. These effects are compensated by providing a temperature shunt on the brake magnet. Special magnetic materials such as  Mutemp is used for the shunt whose permeability decreases considerably as temperature increases. This provides temperature compensation and does not allow the disc to rotate faster as temperature increases.
[image: C:\Users\HP STORES\Desktop\fghfgh.png]
2.9. Phantom Loading:
When a energy meter is designed for high current loads, it is uneconomical to arrange such loads for testing purposes as it involves a considerable waste of time and power. To avoid this problem “phantom” or “fictitious” loading is done. In phantom loading, pressure coil is excited from normal supply voltage and current coil is excited from a separate low voltage supply. The low impedance of current coil circuit makes it possible to circulate the required current even with low supply voltage. Then total power supplied for the test is sum of power supplied to small  pressure coil current at normal voltage and due to rated current at very low voltage. Thus the overall power loss during test is  very small
.[image: ]
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2.10. Three Phase Energy Meter:[image: ]
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                               Fig. Three element energy meter
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2.11. Two Element Energy meter:
[image: ]

                             Fig. Two element energy meter
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2.11. Trivector Meter:
The Trivector meter is a measuring instrument which measures the kW, kVAr, the kVA of a power line.  These instruments can measure both power as well as energy.    Trivector meters are normally used in substations and to measure the power flowing through the feeders.  They are used for billing power drawn by industrial customers.  The Trivector enables the simultaneous measurement of different electrical parameters which enables accurate assessment of the power consumed.  
	Trivector is called so as it measures three vectors representing the active, reactive and apparent power of a line.  Trivector meters come in two quadrant and four quadrant models.  The four quadrant model can measure both the incoming (import) and the outgoing power (export) while the two quandrant trivector meter can measure either imported or exported power.

	In earlier days, the Electromechanical trivector meters were used.  Today, though, almost all Trivector meters are of the static type.  Modern Trivector meters can measure many parameters apart from the active, reactive and apparent power.
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In case of ideal wattmeter, the current in the pressure coil is in phase with the
applied voltage because the pressure coil is assumed to be pusely resistive without
any reactance. But if it is having inductance the current in the pressure coil lags
behind the supply voltage by some angle. Because of this, an error is introduced in
the measurement of true power by the wattmeter. Some correction factor must be
applied to get exact reading from waltmeter. This can be derived as given below.
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One unit of three element, three phase element is always cheaper than three units
of single phase energymeter. But due to interaction between eddy currents produced
by one element with the flux produced by another element, there may be errors in the
measurement by three phase energymeter. Such errors may be reduced by suitable
adjustments.
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This energymeter is used for three phase, three wire systems. The meter is
provided with two discs each for an element. The shunt magnet is carrying pressure
coil while a series magnet carries a cusrent coil. The pressure coils are connected in
parallel and the current coils in series. The connections are similar to the connections
of two wattmeters for power measurement in three phase, three wire system. Torque
is produced in same manner as in a single phase energymeter, in each element. The
total torque on the registering mechanism connected to moving system, is sum of the
torques of the individual elements.
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It can be seen from the phasor diagram that for lagging power factor condition the

wattmeter reads

igh since the inductance of pressure coil will try to bring the current

in pressure coil nearly in phase with current in current coil than would be the case if
this inductance were zero. Thus error will be involved in wattmeter reading which
woulld be serious at low.power factor condition if proper precaution s not taken.

In case of leading power factor condition,
the effect of pressure coil inductance is to
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current and pressure coil - current and
wattmeter reads low. The corresponding
phasor diagram is shown in the Fig
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Error Due to Method of Connection

There are two ways of connecting wattmeter in a given circuit. These are
respectively shown in the Fig.  (a) and (b)
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Because of the power loss in the current and pressure coils, error is introduced in
the measurement of power.

In connection shown in the Fig. (), pressure coil is connected on the supply
side and therefore the voltage applied to the pressure coil is the voltage across the
foad plus the voltage drop across current coil. Thus wattmeter measures power loss in
its current coil in addition to power consumed by load.

Power indicated by wattmeter = Power consumed by load + Power loss in current
coil

Power indicated by wattmeter = Power consumed by load + I*R.

If wattmeter connections are as shown in the Fig. (b) the current coil is on
supply side and hence it carries pressure coil current plus the load current. Thus
waltmeter reads in addition to power consumed in load, the power loss in pressure
coil
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Power indicated by wattmeter = Power consumed + Power loss in
byload  pressure coil cireuit

= Powerconsumed  + V2 /R,
by load

With small load current, the voltage drop in current coil is small so connections in
Fig () introduces small error. Alternatively if load current s large, the pressure
coil current is very small as compared with load current. Hence power loss in
pressure coil circuit is small as compared with power consumed by load. Thus
connection shown in Fig.  (a) is preferable for small currents while for large
currents the connections shown in Fig.  (b) are preferable.

But if load current is high and the power factor is small, connection shown in
Fig. (b) results in large error as the total power measured is small. In this case a
compensating coil may be used for compensation of error which is explained further
in low power factor wattmeters.
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For very high voltage
circuits, the high rating
wattmeters  are  not
available to measure the
power. The range of
wattmeter  can b
extended using instrument
transformers, in such high
voltage  circuits.  The
connections are shown in
the Fig.

The primary winding
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of CT. is connected in series with the load and secondary is connected in series with
an ammeter and the current coil of a wattmeter.

The primary winding of P.T. is connected across the supply and secondary is
connected across voltmeter and the pressure coil of the wattmeter. One secondary
terminal of each transformer and the casings are grounded.

Now both C.T.-and P.T. have errors like ratio error and phase angle error. For
precise measurements, these errors must be considered. If not considered, these errors
may cause inaccurate measurements. The correction must be applied to such errors to
O —
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Phasor Diagrams and Correction Factors
Consider the various parameters as,
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The phasor diagrams for lagging and leading p.. loads are shown in the Fig.
(a) and (b) respectively.
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Correction Factor : The correction factor, neglecting transformation ratio errors is,
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This concept of using C.T. and P.T. for single phase power measurement can be
extended for three phase power measurement. The connections are basically similar to
the two wattmeter method as shown in the Fig.
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Fig.  Three phase power measurement using C.T. and P.T.
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‘The energy is defined as the power delivered over a time interval.
energy = power x time

The electrical energy is defined as the work done over a time interval t and
mathematically expressed as,

E =

\
power(dt) =] vidt (1)
o

where v = voltage in volts and i = current in amperes
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The energy is measured in joules (J) or watt-sec (W-s). Thus energy of one joule
means the power of 1 watt over a time interval of 1 second.

An  electrical energy can also be expressed in the unit watthour (Wh) or
kilowatt-hour (KWh). Thus one kilowatt-hour energy means the expenditure of 1 kW
power over a time interval of 1 hour. The domestic electric energy expenditure is
measured in kWh and 1 kWh is called 1 unit of energy.
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Induction type instruments are most commonly used as energy meters. Energy
meter is an integrating instrument which measures quantity of electricity. Induction
type of energy meters are universally used for domestic and industrial applications.
These meters record the energy in kilowatt-hours (kWh).

The Fig.  shows the induction type single phase energymeter.
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It works on the principle of induction i.. on the production of eddy currents in
the moving system by the alternating fluxes. These eddy currents induced in the
moving system interact with each other to produce a driving torque due to which disc
rotates to record the energy.
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In the energy meter there is no controlling torque and thus due to driving torque
only, a continuous rotation of the disc is produced. To have constant speed of rotation
braking magnet is provided.
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Construction

There are four main parts of operating mechanism,

1) Driving system  2) Moving system 3) Braking system 4) Registering system.

1) Driving system : It consists of two electromagnets whose core is made up of
silicon steel laminations. The coil of one of the electromagnets, called current coil, is
excited by load current which produces flux further. The coil of another electromagnet
is connected across the supply and it carries current proportional to supply voltage.
This coil is called pressure coil. These two electromagnets are called series and shunt
magnets respectively.

The flux produced by shunt magnet is brought in exact quadrature with supply
voltage with the help of copper shading bands whose position is adjustable.
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2) Moving system : Light aluminium disc mounted in a light alloy shaft is the
main part of moving system. This disc is positioned in between series and shunt
magnets. It is supported between jewel bearings. The moving system runs on
hardened steel pivot. A pinion engages the shaft with the counting mechanism. There
are no springs and no controlling torque.

3) Braking system : A permanent magnet is placed near the aluminium disc for
braking mechanism. This magnet reproduced its own field. The disc moves in the field
of this magnet and a braking torque is obtained. The position of this magnet is
adjustable and hence braking torque is adjusted by shifting this magnet to different
radial positions. This magnet is called Braking magnet.
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4) Registering mechanism : It records continuously a number which is
proportional to the revolutions made by the aluminium disc. By a suitable system, a
train of reduction gears, the pinion on the shaft drives a series of pointers. These
pointers rotate on round dials which are equally marked with equal divisions.

Practically the pointer type registering mechanism is used. The pointer indicates
one kWh when the disc completes certain number of revolutions. The second dial
represents 10 kWh, third 100 kWh while on the other sides, dials measuring 1/100
and 1/10 kWh are also provided. The Fig. () shows the pointer type register
while the Fig. (b) shows the cyclometer type register. In some meters the
cyclometer type registering mechanism is used.
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(b) Cyclometer register
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Fig.  Registering mechanisms used in induction energy meter
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Theory of Single Phase Induction Type Energymeter

Since the pressure coil is carried by shunt magnet M which is connected across
the supply |, it carries current proportional to the voltage. Series magnet M, carries
current coil which carries the load current. Both these coils produce alternating fluxes
0w and . respectively. These fluxes are proportional to currents in their coils. Parts
of each of these fluxes link with the disc and induces em.f. in it. Due to these em.fs
eddy currents are inducced in the disc. The eddy current induced by the
electromagnet M; react with magnetic field produced by M. Also eddy currents
induced by electromagnet M; react with magnetic field produced by My. Thus each
portion of the disc experiences a mechanical force and due to motor action, disc
rotates. The speed of disc is controlled by the C shaped magnet called braking
magnet. When disc rotates in the air gap, eddy currents are induced in disc which
oppose the cause producing them i.. relative motion of disc with respect to magnet.
Hence braking torque Ty is generated. This is proportional to speed N of disc. By
adjusting position of this magnet, desired speed of disc is obtained. Spindle is
connected to recording mechanism through gears which record the energy  supplied.




image1.jpeg
Cmycsassbook wordprass com

2 wattes
P
T N Fuoscon
- T
vavos

Dynamometer type Wattmeter





image54.png
. -
2 {9P) (doum),

Torque Torque
(duet0 1g;) (dueto log)




image55.png
Fig  Functional diagram of induction type
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The current I,, produces the total flux ¢+ which has two components ¢; and 0,,.
The major portion is ¢; which flows through the side gaps as the reluctance of this
part is very small. While ¢, flows across the air gap and across the, disc and is
responsible to produce the eddy emf. Ecp in the disc which produces the eddy
current I in the disc. The ¢, is small and is in phase with I,. It is proportional to I,
and hence to supply voltage V as it produces I, through pressure coil. ¢, lags the
supply voltage V by an angle slightly less than 90°.
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The current coil carries the load current 1 and produces the flux ¢. This is
proportional to I and in phase with it. This flux is responsible to induce eddy em.f.
Ee in the disc which produces the eddy current I, in the disc. This interacts with the
flux ¢, to produce the torque while the eddy current I, interacts with ¢, to produce
the torque. These two torques are opposite in direction and the et torque produced is
the difference between these two torques.
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Fig. Phasor diagram of single phase induction type energymeter
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I, = pressure coil current

=3
I

phase angle between V and I, -
A = 9F

cddx e.m.f. induced due to ¢,
eddy em.f. induced due to ¢.

m
[

m
3
]

a = phase angle of eddy currents
lyp = eddy current due to E,,
l. = eddy current due to E,

The current Iy, lags V by A and A is made 90° using copper shading bands. The
current [ lags V by ¢ which depends on the load. The flux ¢, and [ are in phase. The
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Ecp lags ¢, by 90° while E lags ¢« by 90°. The eddy currents I and I¢p lags Ee and
E.p respectively by angle .
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The interaction between ¢, and I, produces torque Ty.
While the interaction between ¢, and I, produces torque T.
ST by Lo cos(dy Ala) and To x b, L cos(ds A Loy)

i

Op M = a+d and A I = 180§ +a
2Ty = T =Ta a {[8p L cos(a +4)] - [6. I cos(180-¢ +a)]}
Now ¢pa V, dyocl, lombooxl, oy V
5 Ta o Vifcos(a +) - cos(180-¢ +a)]

VI[(cosa cos —sina sing) —(cos(180 —¢) cosa —sin(180 - ) sina)]
= Vi[cosa cosé - sina sing ~ cos(180 - ) cosa + sin(180 - ¢) sina ]
% 2Vlcosa cosh 5(180-4) = - cosp, sin(180-) =sing

Ty = K Vicosd (a is constant) )

Key Point: Thus the deflecting torque is proportional to the true poswer in the circuit.

=«

If A is considered,

@

Ty = Visin(a-)

But practically A is achieved to be exactly 90° with the help of copper shading
bands so that Ty is proportional to power in the circuit.




image2.emf

image64.png
Shunt
magnet
pole

Eddy curents

Hole in disc.
under shunt
magnet pole

Fig. Creeping adjustment




image65.png
4. Light Load Adjustment or Friction Adjustment
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Inspite of proper design of the bearings and registering mechanism, there is bound
to-exist some friction. Due to this, speed of the meter gets affected which cause the
error in the measurement of the energy.
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To compensate for this, a metallic loop or strip is provided between central limb
of shunt magnet and the disc. Due to this strip an additional troque independent of
load is produced which acts on the disc in the direction of rotation. This compensates

for the friction and meter can be made to read accurately. This is shown as L; in the
Fig.
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The shading loop L is also called light load plate.

The interaction between the portions of the flux which are shaded and unshaded
by this loop and the currents they induce in the disc generates a small driving torque
whose value can be adjusted by lateral movement of the loop L. This additional
driving torque overcomes the frictional error. This torque is practically independent of
the load and depends on line voltage hence remains constant. The friction error is
dominant at rated voltage and very low current ie. at light loads. The shading loop
can be moved laterally to adjust the speed to provide necessary compensation.
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Advantages of Induction Type Energymeter

The various advantages of induction type energymeters are,
1. Its construction is simple and strong.

2. Itis cheap in cost

It has high torque to weight ratio, so frictional errors are less and we can get
accurate reading.

It has more accuracy.
1t requires less maintenance.

6. Its range can be extended with the help of instrument transformers.

Disadvantages of Induction Type Energymeter
1. The main disadvantage is that it can be used only for a.c. circuits.

2. The creeping can cause errors.

3. Lack of symmetry in magnetic circuit may cause errors.
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The arrangement for the phantom loading is shown in the Fig.
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‘This meter consists of three elements. The construction of an individual element is
similar to that of a single phase energymeter. The pressure coils are denoted as Py, Py
and Ps. The current coils are denoted as Cy, C2 and Cs. All the elements are mounted
in a vertical line in common case and have a common spindle, gearing and registering
mechanism. The coils are connected in such a manner that the net torque produced is
sum of the torques due to all the three elements. These are employed for three phase,

four wire system where fourth wire is a neutral wire.

The current coils are connected in series with the lines while pressure coils are
connected across a line and a neutral. Fig.  shows a three phase energymeter.




