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41 INTRODUCTION

Electric power is the rate of doing work. It is expressed in Wats. The higher units of
power used in practice include kilowatts, megawatts,etc. P, = VICOS ., ic., a power
of one wall is said to be expended when  source of one volt passes a cument of one
ampere through a load resistance/ impedance of one ohm at unity power factor.

The power measurements ar made with the help of a waltmeter. Wattmeter is an
indicating deflecting type of instrument used in Iaboratories for measurement of power in
various ranges. A wattmeter consists of two coils as shown in the schematic
representative figure 4.1

> Cument coil (CC; connected in series
with circit and caries the foad current. It
i designed such tht it is wound with 2 (0
3 wms of thick wire and hence it has 1

W arrenteol L

very low resstance. o
> Voltage or Pressure or Potenial coil (PC):
connectad across the load cicuit and herce Potental ol

carries a curtent proportiona to the load
cument. The total load voltage appears
across the PC. I i designed such tht it is
wound with several trms of thin wire and  Fig, 41 Wattmeter Connections
hence it has  very high resistance.

The wattmeter can be a UPF meter or LPF meter depending on the type of the load
connected in the measuring circuil. For power measurements in AC circuit, the
wasmeter is widely adopted. In principle and construction, it i a combination of those
applicable for an ammeter and a volimeter.

The clcticalpower can e of e forms:
> Real power o simply. he power i he power
consumed by the rssive lads on he sysem.

I is expressed in waits (W) This is also Roartue [N Agparent
merrad as e pover, sbsolue power, average power] Fowsr
s Wl VAl

> Reaaive power s ths power consumed by the
mactve loads o the sysem, It s xpresed in

Racive volkamperes (VAD. 2ol Pomer{Wet
> Apparen power 8t vecoe s of the sove Feal Fower(Wett)

o pover components. 1 s exprsd in Vol
amperes (VA). Fig42 The Power Triangle

Thus, it is observed from the power triangle shown in figure 4.2, that more is the
deviation of pawer factor from ts unity value, more is the deviation of real power from
the apparent power. Also, we have
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VAT=W’ + VAP “@n
And power factor, cos ¢ = (Watts/ VA ) @2

42 SINGLE PHASE REAL POWER MEASUREMENTS
421 Electrodynamometer Wattmeter

An electrodynamometer wattmeter consists of two fixed coils, Fy and Fy and a moving
coil M as shown in figure 4.3. The fixed coils are connecied in series with the load and.
hence carry the load current. These fixed coils form the current coi of the wattmeter. The
‘moving coil is connecied across the load and hence carries @ cuent proportional to the
voltage across the load. A highly non-inductive resistance R is put in series with the
‘moving coil o limit the current o 3 small value. The moving coil forms the porensial coil
of the wattmeter.
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Fig. 43 Electrodynamometer Wattmeter
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Expression for the deflection torgque:
Letic ir: Current in the fxed and moving cils respectively,

M: Mutual inductance becween the two coils,

6 Stcady final deflection of the insrument,

K: Spring constant,

V. 1: RMS vlues of voltsge and currnt inthe mecsuring circit snd

Insantancous ol acoss pesur coil, v = 2V sinwt
Insantancous curen i he pressurecol iy (2 VRy s wt= 21y sinwt
Instantancouscurent nthe cumntcol. i — 21 xin (01.0)
Insantancous o i given by T,=ic i (4M49)

IV Ven or )] (32 e in w1 (4M /) @

Aversge defecting orque Te 1) | T, dwe

=0m [ i Lcon o con Gut-0) 1 (aM/00) e

= (VURs) cosg (aM/d8) @y
Since the controling torque, T=K, we have atbalance of the moving pointer, T=T, s0
hat, 8=[Vicoso/ (KRe) I (4M/d8)

(K dM/da)P @)

‘Where K = K R and Pis the power consumption. Thusthe deflctionof the wattmeter is
found to b the diret indication of the power being consumed i te load circuit.

422 Low Power Factor Wattmeter

1 an ondinay electrodynamemeter wattmete i wsed for measurement of power in low
porwer factor circuts, (PF<0.5),the the measurements would be dificult and inaccorate
+ The defecting torgue cxerid on the moving sysiem il b vry small and
 Erros are itroduced s (0 pressure col inductance (which i age a1 LPF)
Thus, in s LPF wattmeer, special festures are incorporsied in & enera clctro-
dynammomeer wattmeer ircut o make t sitable for e in LP circuts as under:

(@) Pressure coil current:
“The pressure coil circuit i designed o have & low vale of esstance so that the current
through the pressur col i ncreased o provide an ncreased operatin torque.
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(®) Compensation for presure coilcurrent:
O account of low power fctor, the power is smal and the cument is high. In this
context, thre ar two possible conncctions of th potental ceil of 4 watimeter a shown
in figure 4.4 The connection (s) can not be used,since owing o the high load curent,
there would be a high power loss in the current coil nd hence the wattmeter reading
would be with a lrge errr. If the connection () is wed. then the power loss in the
pressurecoil ciruit sl included inthe mete radings.
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‘Fig. 4.4 Wattmeter Connections

Thos it is necessary (0 compensae for the pressur coil currnt in a low power factor
wattmeer For tis, 2 compensating col is used in the instrument (0 compensate for the
prwer loss i the pressure coilcircut as shown in figue 4.5,

(&) Compensation for pressur colinductance:
Atlow power acto, te cror caused by the pressure il inductanceis very lrge. Hence,
his has 1o be compensated, by conneeing a capacitor C across a portion of the eris
resistance inthe pressur col cicuit s shown i figure 4.5

(@) Realizing a small contra torque:
Lo power facor wattmetersar designsd  have  very smallcontrol torque so that they.
can provide fllscale dflection (5. for power acto valoes a5 ow 25 10%. Thus,the.
‘Complet crcut of  low power factor wattmete is s shown n igure 4.5.
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